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MINUTES OF THE 44th GENERAL ASSEMBLY OF THE  
EUROPEAN ASSOCIATION FOR THE STUDY OF DIABETES

held in Rome, Italy on 10 September 2008 at 18:15

Present: E. Ferrannini (President)
 G. Spinas (Honorary Treasurer)
 M. Stumvoll (Honorary Secretary)
 E. Gale (Editor-in-Chief, Diabetologia)
 V. Jörgens (Executive Director)
 and 42 members

for the Annual Meeting. It had been decided to transfer 
1.7 million to the Foundation. Dr. Spinas said that of the 
Foundation’s total income more than 90% was spent on 
research.

Dr. Spinas expressed his thanks to Drs Grüßer and Jör-
gens for their support and advice and to the team in Düs-
seldorf in general and to Mrs Klee and Ms Deparade in 
particular for the precise handling of the accounts.

The President thanked the Honorary Treasurer for his 
diligence and asked if there were any questions. There 
were none. 

c) Honorary Auditors

The President asked the Honorary Auditor, Dr. Tiedge, 
to formally discharge the accounts. He confirmed that 
the accounts had been checked carefully and were in 
perfect order. Dr. Ferrannini asked for the vote to accept 
the accounts. 

The accounts were accepted unanimously (one absten-
tion).

d) Honorary Secretary

Dr. Stumvoll reported that he had restructured some of 
the groups and the committee; there are now 40 review-
ers to score 8 topics. Of the 2498 abstracts received, 

The President welcomed everyone to the 44th General 
Assembly. 

1. MINUTES 43rd GENERAL ASSEMBLY 2007

Since there were no comments, the minutes were ap-
proved unanimously and officially signed as a correct 
record.

2. REPORTS

a) President

The President reported on the joint project with EPA, 
ESC and EASD to prepare a statement concerning car-
diovascular risk in diabetes in patients with severe men-
tal illness.
The President confirmed that the Foundation was con-
tinuing to flourish. At present, 16 EFSD programmes 
are in place and meetings have been scheduled in Rome 
with potential new partners. 

b) Honorary Treasurer

The Honorary Treasurer reported that the positive bal-
ance was mainly due to an increase in the number of reg-
istered delegates and an increase in the interest accrued. 
The expenditure in 2007 increased due to the increase 
in the amount spent on the salaries and the expenditure 
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1402 had been accepted. This number was then divided 
into 264 orals and 1138 posters. He said the Programme 
Committee was already in place for the Annual Meeting 
in Vienna and it would convene later that day.

Dr. Stumvoll closed his report by thanking all members 
of the EASD staff, in particular Mrs H. Goliberzuch and 
M. Toledo, for their outstanding help and support with 
the organisation of the EASD Annual Meetings.

Dr. Ferrannini thanked Dr. Stumvoll for his diligence 
and asked if there were any questions. There were 
none.

e) Editor-in-Chief, Diabetologia

Dr. Gale reported that a total of 1769 articles had been 
submitted to Diabetologia in 2007, which was a slight 
increase over 2008. The median time from receipt to 
first decision was 17 days. The acceptance rate for all 
article types combined fell to 17.4%. The impact factor 
rose to 5.8.

He expressed his thanks to the referees and associates 
and said their work was much appreciated. He also 
thanked his team in Bristol.

Dr. Ferrannini thanked Dr. Gale for the excellent work 
he had done. He said a sub-committee had been ap-
pointed by the Executive Committee to evaluate poten-
tial candidates for the position of Editor-in-Chief. There 
were no questions.

f) Chair, Postgraduate Education Sub-committee

Dr. Nolan reported that the usual postgraduate courses 
had taken place in Jena, Loipersdorf and Wroclaw. The 
course planned for Belgrade has been postponed until 
2009. A course is being planned by Dr. Mankovsky in 
Ukraine.
 
Regarding web-based education, 2 pilot sessions on 
standard topics were held in Düsseldorf in 2008. Fur-
ther web-casts are planned including hypertension and 
diabetes, diabetes and the heart and type 2 in adoles-
cents and children. 

Dr. Nolan thanked the team in Düsseldorf, especially 
Mrs. M. Hata and Mr. B. Carey, for their friendly as-
sistance.

Dr. Ferrannini thanked Dr. Nolan for his valuable work. 
There were no questions.

3. ELECTIONS

a) President 2008-2011

The council’s election of Dr. U. Smith was unanimously 
approved with one abstention.

b) Vice President 2008-2011

The Council’s election of Dr. A.J.M. Boulton was unan-
imously approved with one abstention.

c) Editor-in-Chief extension 2009-2010

The extension of the Editor-in-Chief’s term of office 
until 2010 was unanimously approved with one absten-
tion.

d) Honorary Auditors 2008-2011

The Council’s election of Drs. K. Paterson (UK) and C. 
Tack (The Netherlands) was approved with 1 absten-
tion.

c) Council Members 2009-2012

The following Council Members were unanimously (1 
abstention) elected by the General Assembly:
J.-M. Boavida (P), C.-G. Östenson (S), A. Pfeiffer (D) 
and N. Wareham (UK).

4. STUDY GROUPS

Dr. Stumvoll said that the Study Group Forum which 
had been held on 7 September had been well attended 
and no problems had arisen.

5. HONORARY MEMBERSHIP

Drs. J.-P. Assal and R. Unger were unanimously elected 
by the General Assembly.

6. MEMBERSHIP FEE

The General Assembly unanimously approved the pro-
posal that applications for membership of EASD start-
ing on 1 July would run for 1½ years. 



Diabetologia (2009) 52:[Suppl1]S1–S550 S 3

1 C

7. ANY OTHER BUSINESS

There was no other business.

Dr. Ferrannini thanked the out-going Vice President, Dr. 
U. Smith, for his dedication and presented him with the 
Albert Renold Medal. Dr. Smith expressed his thanks 
for the confidence that had been shown in him when he 
was elected President.

Dr. Smith warmly thanked Dr. Ferrannini for his out-
standing service to the EASD as President and handed 
over the Albert Renold medal.

Dr. Ferrannini also thanked the outgoing members of 
the Council:
Drs. K. Dahl Jørgensen, B. Mankovsky and S. Sasson.

Dr. Ferrannini thanked the industry for their support. 
He also expressed his sincere gratitude to the Local Or-
ganising Committee for their outstanding contribution 
to the organisation of the 44th EASD Annual Meeting. 
He again thanked Dr. Stumvoll and the members of the 
Programme Committee for their hard work with regard 
to the scientific programme. The President warmly 
thanked the EASD team in Düsseldorf for their kind and 
efficient help.

Dr. Ferrannini brought the General Assembly to a close 
at 18:35.
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Agenda for the 45th General Assembly 
of the European Association for the Study of Diabetes
to be held in the Basch Hall at the Messe Wien, Vienna, Austria on 01 October 2009 at 18:15 

1. Minutes of the 44th General Assembly, Rome, Italy 2008

2. Reports

a) President Dr. U. Smith
b) Honorary Treasurer Dr. G. Spinas
c) Honorary Auditors Dr. K. Paterson 
  Dr. C. Tack
d) Honorary Secretary Dr. M. Stumvoll
e) Editor in Chief, Diabetologia Dr. E. Gale
f) Chair, Postgraduate Education Dr. J. Nolan
 Sub-committee

3. Elections

a) Vice President in place of
 2009-2012 Dr. C. Boitard

b) Editor-in-Chief in place of
 2010-2013 Dr. E. Gale

c) Honorary Treasurer Dr. G. Spinas
 Extension 2009-2010

d) Chair, PGESC Dr. J. Nolan
 Extension 2009-2010

e) Council Members in place of
 2010-2013 Dr. F. Ashcroft (UK)
  Dr. F. Bosch (E)
  Dr. V. Petrenko (LT)
  Dr. A. Siebenhofer (A)

4. Study Groups

5. Honorary Membership 

6. Any other business
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45th EASD Annual Meeting of the European Association for the 
Study of Diabetes

Vienna, Austria, 30 September – 2 October 2009

Index of Poster Sessions

PS   1 Genetics of type 1 diabetes
PS   2 Prediction and prevention of type 1 diabetes
PS   3 Type 1 diabetes – epidemiology
PS   4 Prediabetes and screening for type 2 diabetes
PS   5 Prevalence of type 2 diabetes
PS   6 Epidemiology of cardiovascular disease
PS   7 Epidemiology of obesity and type 2 diabetes
PS   8 Replicated genes for diabetes and obesity
PS   9 Genetic variation in type 2 diabetes
PS  10  Genetic variation for metabolic traits related to 

type 2 diabetes and obesity
PS  11  The role of genomics and metabolomics in drug 

response
PS  12 Cytokines and ER stress in beta cells
PS  13 Signalling of beta cell damage
PS  14 Oxidative stress and ROS in beta cells
PS  15 Beta cell lipotoxicity
PS  16 Experimental type 2 diabetes
PS  17 Experimental insulin secretion
PS  18 Beta cell transcription factors and transporters
PS  19 Beta cell transcriptional regulation
PS  20 Ion channels in beta cells
PS  21 Beta cell – exocytosis
PS  22 Beta cell metabolism
PS  23 Stem cells and beta cell development
PS  24 Islet and pancreas transplantation
PS  25 Immunoprevention in type 1 diabetes
PS  26 Markers of autoimmunity in type 1 diabetes
PS  27 Immune modulation in diabetes
PS  28 Action of insulin and its analogues
PS  29 Insulin sensitising agents – animal studies
PS  30  Insulin sensitivity in adipose tissue and muscle 

– human studies
PS  31 Clinical physiology of insulin sensitivity
PS  32 Insulin sensitivity and lipids
PS  33 Pathophysiology of insulin resistance
PS  34 Insulin sensitivity – animal studies
PS  35 Glucagon – secretion and effects
PS  36 Incretin secretion in humans
PS  37 Insulin secretion in vivo
PS  38 Incretin secretion – studies in animals
PS  39 Hypoglycaemia in type 1 diabetes
PS  40 Hypoglycaemia
PS  41 Glucose metabolism - experimental
PS  42 Metabolic effects of various hormones
PS  43 Sex hormones and metabolism

Abstracts

Index of Oral Presentations

OP   1 GLP-1 in the treatment of type 2 diabetes mellitus
OP   2  Prediction and prevention of type 2 diabetes  

mellitus
OP   3 Diabetes education and management
OP   4 Diabetes and the heart
OP   5 Genes, autoimmunity and type 1 diabetes
OP   6 Inflammation, insulin action and type 2 diabetes
OP   7 Beta cell regeneration and loss
OP   8 Diabetic nephropathy and blood pressure
OP   9 Diabetes in childhood
OP  10 Retinopathy
OP  11 Fatty acids and lipids
OP  12 Protecting beta cell mass and function
OP  13 Type 2 diabetes mellitus genetics and genomics
OP  14 Endothelium and coagulation
OP  15 Glucose monitoring
OP  16 Metabolic effects of bariatric surgery
OP  17 Diabetes and pregnancy
OP  18  Molecular mechanisms of type 2 diabetes mellitus 

and obesity
OP  19 Tissue stress and response
OP  20 Beta cell biology
OP  21 Insulin action – animal models
OP  22 Responses to GLP-1-based therapy
OP  23  Epidemiology of type 2 diabetes mellitus and  

cardiovascular risk
OP  24  Effects of maternal diabetes and childhood obesity 

in diabetes
OP  25 Cognitive function and type 2 diabetes mellitus
OP  26 Mechanisms and markers of cardiovascular disease
OP  27 The secretory machinery
OP  28 Inflammation, obesity and metabolism
OP  29 Novel therapies for type 2 diabetes mellitus
OP  30 Neuropathy
OP  31 Insulin sensitivity, adiposity and risk assessment
OP  32 Clinical immunology
OP  33 Incretins
OP  34 Life and death of beta cells
OP  35 Obesity and adipose tissue
OP  36 Insulin therapy in type 2 diabetes mellitus
OP  37 To amputate or not to amputate
OP  38 In vivo insulin action – mechanisms
OP  39 Healthcare delivery
OP  40 Monogenic diabetes and obesity
OP  41 Insulin secretion in vivo
OP  42 Metabolic effects of incretins
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PS  44 Systemic inflammation in obesity and diabetes
PS  45 Adipose tissue and adipocytes
PS  46 Regulation of adipose tissue inflammation
PS  47 “Metabolic syndrome” – clinical and experimental
PS  48 Liver pathophysiology and metabolism
PS  49 Fat depots and body composition
PS  50 Brain / CNS and metabolism
PS  51 Linking exercise to metabolic effects
PS  52 Clinical and mechanistic aspects of therapeutics
PS  53 Lipid effects and metabolism
PS  54 Adipokines – „classical“ and novel
PS  55 Secretory function of adipose tissue
PS  56 GLP-1 agonists – clinical 1
PS  57 GLP-1 agonists – clinical 2
PS  58 DPP-IV inhibition – clinical
PS  59  Incretin-based therapies – cardiovascular risk 

factors
PS  60 Incretins – safety
PS  61 Incretins pharmacology and pharmacokinetics
PS  62 Incretins – experimental
PS  63 Incretins – mechanisms of action 1
PS  64 Incretins – mechanisms of action 2
PS  65 Nutrition – experimental
PS  66 Nutrition
PS  67  Prediction and prevention of type 2  

diabetes mellitus – 1
PS  68  Prediction and prevention of type 2  

diabetes mellitus – 2
PS  69 Risk factors for type 2 diabetes mellitus
PS  70 Insulin sensitisers 1
PS  71 Insulin sensitisers 2
PS  72 New therapeutic targets and therapies
PS  73 Diabetes in childhood
PS  74 Insulin analogues
PS  75 Clinical aspects of oral medication
PS  76 Clinical aspects of insulin therapy
PS  77 Safety of insulin therapy
PS  78 Continuous glucose monitoring
PS  79 Glucose measuring devices
PS  80 Pump treatment
PS  81 Improving insulin
PS  82 Technical aspects of insulin delivery
PS  83 Starting insulin in type 2 diabetes
PS  84 Type 1 diabetes – clinical aspects
PS  85 Insulin therapy – type 1 diabetes
PS  86 Diabetes education
PS  87 Depression in diabetes
PS  88 Psychological aspects of diabetes
PS  89 Diabetes in the hospital
PS  90 Diagnostic tools
PS  91 Health care delivery
PS  92 Health economics
PS  93 Nephropathy – experimental
PS  94 Nephropathy – clinical 1
PS  95 Nephropathy and treatment effects
PS  96 Predictors of nephropathy
PS  97 Nephropathy – clinical 2
PS  98 Hypertension

PS  99 Hypertension – clinical
PS 100 Eye complications
PS 101 Retinopathy – experimental
PS 102 Retinopathy
PS 103 Autonomic neuropathy
PS 104 Neuropathy and wound healing – experimental
PS 105 Diabetic foot
PS 106 Somatic neuropathy – clinical
PS 107 Gestational diabetes – pathophysiology
PS 108 Gestational diabetes – maternal and foetal outcome
PS 109 Pregnancy – complications
PS 110  Intrauterine development and observations in 

children
PS 111  Treatment in nephropathy, hypertension and  

macrovascular disease
PS 112 Other complications
PS 113 Macrovascular complications
PS 114 Rodent models for experimental diabetes
PS 115 New therapeutic options
PS 116 Statins
PS 117 New therapeutic options
PS 118 Fatty liver
PS 119 New insights into lipid and lipoprotein function
PS 120 Lipids and metabolism
PS 121 Endothelial dysfunction
PS 122 Oxidative stress
PS 123  Cardiovascular disease – epidemiology and  

detection
PS 124 Clinical management of vascular disease
PS 125 Diagnosis and management of vascular disease
PS 126  Biomarkers and assessment of cardiovascular  

disease
PS 127  Cardiovascular disease - early detection and  

prevention
PS 128 Cardiovascular disease and diabetes
PS 129  Non-conventional risk factors for cardiovascular 

disease



Diabetologia (2009) 52:[Suppl1]S1–S550 S 7

1 C

Conclusion: In this study, 1-year of EX therapy, compared to IG, significantly 
improved both the prandial ISR over a range of glucose concentrations and 
the potentiation of the ISR to glucose dose-response relation. The beneficial 
effects on the dose-response relation were sustained after a 5-week off-treat-
ment period in both the EX and IG treated groups.
Supported by: Amylin Pharmaceuticals, Inc., Eli Lilly

2
A switch from twice-daily exenatide to once-daily liraglutide further 
improves glycaemic control in patients with type 2 diabetes on oral 
agents
J. Buse1, G. Sesti2, W.E. Schmidt3, E. Montanya4, Y. Xu5, C. Chang5,  
L. Blonde6, J. Rosenstock7; 
1Endocrinology, University of North Carolina School of Medicine, Chapel 
Hill, United States, 2Magna Graecia University of Catanzaro, Italy,  
3St Josef-Hospital, Ruhr University Medical Facility, Bochum, Germany, 
4Hospital Unversitari Bellivtge-IBIDELL, University of Barcelona, Spain, 
5Novo Nordisk Inc, Princeton, United States, 6Ochsner Medical Center, 
New Orleans, United States, 7Dallas Diabetes and Endocrine Center, Dallas, 
United States.

Background and aims: Liraglutide is a once-daily human glucagon-like pep-
tide-1 (GLP-1) analogue in development for the treatment of type 2 diabe-
tes. A 26-week randomised trial (LEAD-6) showed that, on a background of 
metformin and/or sulphonylurea (SU), liraglutide was more effective than 
exenatide in improving glycosylated haemoglobin (HbA1c) and homeostasis 
model assessment index of beta-cell function (HOMA-B), with less hypogly-
caemia. This extension compared the effect of switching from exenatide to 
liraglutide treatment versus continued liraglutide treatment.
Materials and methods: In total, 389 patients completing LEAD 6 entered 
the 14-week non-randomised extension phase (97% of these completed the 
extension). Patients switched from exenatide 10 μg twice daily to liraglutide 
1.8 mg once daily (OD) (following 0.6 mg OD for 1 week and 1.2 mg OD for 
1 week), or continued liraglutide 1.8 mg OD.
Results: Patients switching from exenatide to liraglutide further improved 
glycaemic control from week 26: HbA1c decreased by 0.32% (p<0.0001), 57% 
of patients reached HbA1c target <7.0% by week 40, and fasting plasma glu-
cose (FPG) significantly decreased by 0.9 mmol/L (p<0.0001). Significant 
improvements in beta-cell function were seen, with HOMA-B increasing by 
14.5% (p≤0.001). Also, significant additional reductions in body weight (BW) 
and systolic blood pressure (SBP) occurred in the exenatide-to-liraglutide 
group, as well as the liraglutide-to-liraglutide group (Table). Furthermore, 
switching from exenatide to liraglutide was characterised by a decreased rate 
of minor hypoglycaemia (2.6 vs 1.3 events/patient/year for Wk 0-26 and Wk 
26-40, respectively). Patients continuing liraglutide treatment reported 0.7 
events/patient/year during the extension phase (vs 1.9 events/patient/year; 
Wk 0-26). Lower rates of nausea were observed during the extension when 
compared to the main trial. The proportion of subjects reporting nausea re-
duced from 28% and 25.5% for the exenatide-to-liraglutide group and the li-
raglutide-to-liraglutide group, respectively, during the main trial to 3.2% and 
1.5%, respectively, during the extension phase. No pancreatitis occurred.
Conclusion: Switching from exenatide to liraglutide is well tolerated and pro-
vides additional benefits in overall glycaemic control, and beta-cell function 

OP 1 GLP-1 in the treatment of  
type 2 diabetes mellitus
1
One-year exenatide treatment improves beta cell response in metformin 
treated patients with type 2 diabetes which is sustained after 5 weeks 
discontinuation of treatment
M.C. Bunck1, A. Mari2, A. Corner3, B. Eliasson4, R.M. Shaginian5, Y. Wu6,  
P. Yan6, R.J. Heine1,7, U. Smith4, M.-R. Taskinen3, H. Yki-Jarvinen3,  
M. Diamant1; 
1Department of Endocrinology / Diabetes Center, VU University Medical 
Center, Amsterdam, Netherlands, 2Institute of Biomedical Engineering, 
Padua, Italy, 3Department of Medicine, Helsinki University Central 
Hospital, Finland, 4Lundberg Laboratory for Diabetes Research, Sahlgrenska 
University Hospital, Goteborg, Sweden, 5Eli Lilly, Houten, Netherlands, 
6Amylin Pharmaceuticals, Inc., San Diego, United States, 7Eli Lilly, 
Indianapolis, United States.

Background and aims: Recently we reported exenatide (EX) improved hy-
perglycaemic clamp derived measures of ß-cell function, compared to insulin 
glargine (IG) in metformin (MET) treated patients with type 2 diabetes. Here 
we report the effect of EX treatment on the ß-cell response to a more physi-
ological stimulus, i.e. a mixed meal.
Material and methods: In this investigator-designed study, we compared the 
effects of both EX and IG treatment on prandial ß-cell function during an 
8 hour, high fat, double mixed meal test. Sixty-nine MET treated patients 
with T2D (pre-treatment (PT) age 58±8y; HbA1c 7.5±0.8%; BMI 31±4kg/m2 
[mean±SD]) were randomised to EX (n=36) or IG (n=33). Meal tests were 
performed at PT, after 51-weeks on-treatment and again after 5-weeks off-
treatment on 59 patients (EX: n=30; IG: n=29) who received a breakfast at 
t=0h and lunch at t=4h both containing approximately 50g fat, 75g carbohy-
drates, and 35g protein.C-peptide deconvolution was used to calculate insulin 
secretion rates (ISR), and a mathematical model to obtain the dose-response 
relating ISR to glucose concentrations (bGS=glucose sensitivity=dose-re-
sponse slope; ISR@Gref=ISR at reference glucose level [Gref]) and a time-
dependent potentiation factor expressing a relative potentiation of the dose-
response relation during the meal (POT; [time]-to-basal potentiation ratio).
Results: After 1-year treatment, EX resulted in a greater upward shift in ISR-
gref than IG (between group geometric LS mean ratio±SE: 1.41±0.17, P=0.007 
(ISR@7.0mM); 1.32±0.16, P=0.025 (ISR@7.5mM) and 1.26±0.15, P=0.060 
(ISR@8.0mM)). Additionally, EX treatment increased POT after both break-
fast and lunch meals compared to IG (between group geometric LS mean 
ratio±SE: 1.22±0.11; P=0.026 and 1.19±0.11; P=0.054, for [170-190min]-to-
basal and [240-480min]-to-basal respectively). Both Ex and IG treatment 
equally improved bGS (median[IQR] change from PT: EX: 7.9[2.2-27.5], 
P<0.001; IG: 12.8[5.6-29.3], P<0.001, between group comparison P=0.544). 
After the 5-week off-drug period, ISRgref remained improved in both the 
EX and IG treated patients without a significant difference between the two 
treatment groups (geometric LS mean±SE ratio to PT for EX and IG respec-
tively: 1.52±0.18, P=0.003 and 1.47±0.19, P=0.106 (ISR@7.0mM); 1.45±0.15, 
P=0.004 and 1.46±0.16, P=0.053 (ISR@7.5mM); 1.41±0.14, P=0.007 and 
1.45±0.15, P=0.039 (ISR@8.0mM)). All other measures returned to PT val-
ues.

Liraglutide Exenatide P-value Liraglutide  
to liraglutide 

P-value Exenatide  
to liraglutide 

P-value 

Wk 0-26 (n=233) Wk 0-26 (n=231) Week 26 Wk 26-40 (n=200) Wk 26-40 Wk 26-40 (n=186) Wk 26-40
Diabetes duration, yrs±SE 8.5±0.4 7.9±0.4.9 NA 8.3±0.4 NA 7.7±0.4 NA
Baseline weight, kg±SE 93.1±1.3 93.0±1.3 NA 91.1±1.4 NA 91.0±1.3 NA
Baseline HbA1c, %±SE 8.2±0.1 8.1±0.1 NA 7.0±0.1 NA 7.2±0.1 NA
Change in HbA1c, %±SE -1.1±0.1 -0.8±0.1 *** -0.1±0.04 NS -0.3±0.04 ***
% with HbA1c<7.0% 54# 43# * 61† NA 58† NA
Change in FPG, mmol/L±SE -1.6±0.2 -0.6±0.2 *** -0.2±0.1 NS -0.9±0.2 ***
Change in weight, kg±SE -3.2±0.3 -2.9±0.3 NS -0.4±0.2 * -0.9±0.2 ***
Change in HOMA-B, %±SE 32.1±6.8 2.7±6.8 *** -1.8±4.8 NS 14.5±4.4 ***
Change in SBP, mmHg±SE -2.5±1.2 -2.0±1.2 NS -2.2±0.9 * -3.8±0.8 ***
Wk 0-26=ITT population in randomised trial. Wk 26-40=ITT population in non-randomised extension. Wk 26-40 comparison=Baseline was Wk 26 (LOCF) 
value. NS, non-significant; NA, not applicable (statistical significance not determined); #data are from week 26; †data are from week 40. *p<0.05; **p≤0.001; 
***p<0.0001.
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while also reducing BW and SBP. Maintaining liraglutide treatment achieves 
durable glycaemic control, weight loss and SBP reductions with minimal lev-
els of hypoglycaemia and nausea.
Supported by: Novo Nordisk

3
Long-term sustained glycaemic control with liraglutide and glimepiride 
(both plus metformin), with added benefits of weight loss and less 
hypoglycaemia with liraglutide: 2-year LEAD-2 data
A. Frid1, K. Hermansen2, M. Nauck3, N. Shah4, T. Tankova5, I. Mitha6,  
M. Zdravkovic7, D. Matthews8; 
1Öresund Diabetes Team AB, Lund, Sweden, 2University Hospital, Aarhus, 
Denmark, 3Diabeteszentrum, Bad Lauterberg im Harz, Germany, 4KEM 
Hospital, Mumbai, India, 5Medical University, Sofia, Bulgaria, 6BenMed 
Hospital, Benoni, South Africa, 7Novo Nordisk, Bagsvaerd, Denmark, 
8OCDEM, Oxford, United Kingdom.

Background and aims: Liraglutide is a once-daily (OD) human GLP-1 
analogue. In 1091 patients with T2D, 6 months liraglutide compared with 
glimepiride (both combined with metformin; met) led to similar glycaemic 
control, but added benefits of lower weight, reduced hypoglycaemia and im-
proved SBP with liraglutide. Here we report data from the planned 1.5-year 
extension.
Materials and methods: Subjects were randomised (2:2:2:1:2) to liraglutide 
OD (0.6, 1.2 or 1.8mg) +met, met alone [met], or met+glimepiride (4mg OD) 
[glim]. Met dose was 1.5-2g/day. First 6 months double-blind, double-dum-
my; then open-label.
Results: 89% (780 subjects) of 26-wk completers entered the extension; 529 
(68%) of them completed 2 yr. Prior to trial entry, subjects were previously 
treated with 1 or 2 OADs. HbA1c in subjects using 1 OAD before trial entry 
(35% of patients, baseline HbA1c 8.2%) was improved and sustained for 2 yr. 
For these patients (ITT, LOCF) after 2 yr, HbA1c was 7.38%, 7.44%, 7.74% 
for liraglutide 1.8, 1.2, 0.6mg, 7.49% for glim and 8.12% for met alone, re-
spectively (p>0.05 for liraglutide 1.8mg vs glim) (Fig). In the total popula-
tion (ITT, LOCF), the proportion reaching HbA1c<7.0% after 2 yr was 31.1%, 
29.9%, 19.7% for liraglutide 1.8, 1.2, 0.6mg, 23.5% for glim and 10.8% for 
met alone (p<0.0001 liraglutide 1.8mg vs glim). Providing comparable HbA1c 
improvement to glim but bringing more subjects to target, liraglutide led to 
significant and sustained weight loss (1.8mg: -2.91kg; 1.2mg: -3.03kg; 0.6mg; 
-2.07kg) whereas glim resulted in weight gain (0.7kg, p<0.0001 vs all liraglu-
tide doses). Estimated mean waist circumference was significantly reduced 
by 1.8-2.8cm from baseline to 2 yr with liraglutide vs an increase with glim 
(+0.2cm, p≤0.0001). With liraglutide, hypoglycaemia incidence was similar 
to met alone and 10-fold less than glim (events/subj yr: 0.15 [each liraglutide 
dose]; 0.16 [met]; 1.60 [glim], p<0.0001 vs all liraglutide doses). Odds-ratio 
for achieving composite endpoint of HbA1c<7.0%+no weight gain+no hy-
poglycaemia for liraglutide 1.8mg was 4.9 vs glim, 3.8 vs met alone (p<0.001; 
p=0.0002). Although not significant between groups, visceral adipose tissue 
area was reduced by mean of 18 and 13cm2 with liraglutide 1.2 and 1.8mg, 
respectively and increased by 9 and 2cm2 with met alone and glim, measured 
by single-slice abdominal CT scan.
Conclusion: Liraglutide OD in combination with met for 2 yr brought com-
parable improvement in HbA1c as glim in combination with met. However, 
hypoglycaemia with liraglutide was only a tenth of that with glim and sus-
tained ~3kg weight loss was obtained during the 2 yr in contrast to a small 
weight gain with glim.

Supported by: Novo Nordisk

4
Liraglutide is associated with a significantly greater improvement in 
glycaemic control than glimepiride in patients with highest baseline beta 
cell function
D.R. Matthews1, A. Falahati2, A.D. Toft2, J. Meier3; 
1NIHR Oxford Bomedical Research Centre, OCDEM, The Churchill 
Hospital, Oxford, United Kingdom, 2Novo Nordisk, Bagsvaerd, Denmark, 
3Ruhr University, Bochum, Germany.

Background and aims: Treatments for T2D with beneficial effects on beta-cell 
function include glucagon-like peptide (GLP)-1 agonists and sulphonylureas 
(SUs). Liraglutide, a once-daily human GLP-1 analogue, promotes glucose-
dependent insulin release and preserves beta-cell function as well as being 
associated with weight loss and less risk of hypoglycaemia than SUs. This re-
port compares the efficacy (HbA1c) of liraglutide (1.2 mg or 1.8 mg/day) and 
glimepiride in patients with T2D according to baseline beta-cell function.
Materials and methods: A meta-analysis was performed across six rand-
omized controlled 26-week trials (3967 patients). An ANCOVA model ad-
justed by quartile of beta-cell function at baseline (as defined by HOMA-B 
and C-peptide) assessed the impact of beta cell functional capacity on re-
sponse to treatment modality.
Results: After 26 weeks’ treatment, liraglutide reduced HbA1c from base-
line significantly more than glimepiride (p<0.01), with reductions of 1.4%, 
1.3% and 1.1% for 1.8 mg, 1.2 mg and glimepiride, respectively. Liraglutide 
reduced HbA1c significantly across all quartiles of HOMA-B and C-peptide 
(≥1.3%). Reductions of HbA1c with liraglutide were significantly greater than 
those with glimepiride in 2nd quartile (0.23% [SE=0.12], 0.28% [0.11] for 1.2 
mg and 1.8 mg vs glimepiride) and 4th quartile (0.42% [0.11], 0.40% [0.11] 
for 1.2 mg and 1.8 mg vs glimepiride) from baseline HOMA-B (p<0.05), and 
in 3rd and 4th quartiles of baseline C-peptide (Figure). The greatest improve-
ments in HbA1c occurred in patients with the greatest baseline beta-cell func-
tion (Q4) taking liraglutide, whereas no effect of baseline quartile could be 
seen with glimepiride (Figure).
Conclusion: Liraglutide was effective across the continuum of beta-cell activ-
ity. Since treatment with liraglutide was even more effective in subjects with 
the best beta-cell function at baseline, this might imply enhanced clinical 
benefits when liraglutide is initiated early. 
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5
The DPP-4-inhibitor sitagliptin improves glucose tolerance in type 2 
diabetes mellitus involving GLP-1 dependent and GLP-1 independent 
pathways
G. Kutscherauer, A. Bedorf, M. Nicolaus, B. Göke, J. Schirra; 
Department of Internal Medicine II, Campus Großhadern, University of 
Munich, Germany.

Background and aims: Inhibitors of the enzym Dipeptidyl-peptidase-4 
(DPP-4) are currently used for treatment of type 2 diabetes mellitus (T2DM). 
DPP-4-inhibitors prevent the degradation of the insulinotropic gut hormones 
GLP-1 and GIP, thereby enhancing plasma levels of the bioactive peptides. 
Both, GLP-1 and GIP are postprandially (PP) released and stimulate insu-
lin secretion via specific receptors on the B-cell. However, the importance 
of the incretin hormones for the efficacy of DPP-4-inhibitors has never been 
demonstrated. Moreover, because several studies indicated a failure of syn-
thetic GIP to stimulate insulin secretion in T2DM, a defect of the GIP action 
in T2DM has been suggested. To evaluate the contribution of endogenous 
GLP-1, we examined the effect of the specific DPP-4 inhibitor Sitagliptin on 
glucose tolerance and insulin excursions after an oral glucose tolerance test 
(OGTT) in patients with T2DM with and without a GLP-1 receptor blockade 
using exendin(9-39) (Ex-9).
Materials and methods: Double-blind, placebo-controlled, four-arm-cross-
over study in 24 patients with T2DM (61±7 y, HbA1c 6.2±0.2, BMI 27.7±0.9). 
On four days separated by a wash-out period of at least one week blood 
glucose and plasma insulin concentrations were measured during the four 
hours after ingestion of an OGTT (75g). In a randomized cross-over fash-
ion, oral treatment with placebo or 100 mg Sitagliptin was combined with an 
intravenous background infusion of saline or Ex-9 at 900 pmol/kg/min. The 
oral medication was given the day before and 60min before ingestion of the 
OGTT. The dose of Ex-9 used here blocks the insulinotropic effect of GLP-1 
in human by at least 95%. The insulin-to-glucose ratio (IGR) was calculated 
as a measure of glucose sensitivity. Analysis of PP incremental means by two-
way RM ANOVA followed by Student-Newman-Keuls multicomparison t-
test (see table).
Results: Ex-9 significantly increased PP blood glucose (P=0.004 vs saline iv) 
and decreased PP plasma insulin excursions (P<0.001 vs saline iv) with and 
without Sitagliptin. Sitagliptin decreased the mean PP blood glucose excur-
sion (P<0.001 vs placebo po) and PP glucose peak (P<0.001 vs placebo po) 
with and without Ex-9 iv. In spite of the lower PP glycemia, Sitagliptin in-
creased PP plasma insulin (P=0.008), and this again was not dependent on 
background infusion. IGR was significantly increased under Sitagliptin dur-
ing saline iv (diff. 13.4±3.5 µU/mg, P<0.001 vs placebo) and such increment 
of IGR under Sitagliptin, albeit lower, was detectable during Ex-9, too (diff. 
7.7±2.0, P=0.012 vs placebo).

Table: Postprandial glycemia and plasma insulin excursions after an OGTT 
in T2DM

Plac po +
saline iv

Sita po +
saline iv

Plac po +
Ex-9 iv

Sita po +
Ex-9 iv

Glucose, PP
mean (mg/dl)

76.8±4.8 63.0±4.5* 83.9±5.2# 76.5±5.9*#

Glucose, PP
peak (mg/dl)

156±5 126±6* 167±6# 158±7*#

Insulin(µU/ml) 31.7±5.5 35.2±5.6* 25.6±4.1# 28.9±4.7*#
Insulin-Glucose
ratio (µU/mg)

46.2±7.3 59.6±8.5* 35.6±6.2# 43.3±7.1*#

Mean±SEM. *P<0.05 vs placebo po, same iv infusion; #P<0.05 vs saline iv., 
same oral treatment (2-way ANOVA followed by SNK test)
Conclusion: In patients with T2DM, endogenous GLP-1 significantly reduc-
es postprandial glycemia by stimulating insulin secretion. Acute DPP-4 in-
hibition by Sitagliptin improves glucose tolerance by enhancing endogenous 
GLP-1 action. However, Sitagliptin is still active after blockade of the GLP-1 
receptor. We suggest, that GIP accounts for the GLP-1 independent pathway 
of Sitagliptin.
Supported by: MSD

6
Incidence of acute pancreatitis in exenatide initiators compared to other 
antidiabetic drug initiators: a retrospective, cohort study
G. Bloomgren1, D. Dore2, R. Patterson1, R. Noel3, D. Braun3, J. Seeger2; 
1Amylin Pharmaceuticals, Inc., San Diego, United States, 2i3 Drug Safety, 
Waltham, United States, 3Eli Lilly, Indianapolis,  United States.

Background and aims: Post-marketing cases of acute pancreatitis in patients 
treated with exenatide BID have been reported. Using a large, geographically 
diverse US healthcare insurance claims database, we conducted a retrospec-
tive, cohort study to estimate the absolute and relative risk of acute pancrea-
titis in patients who initiated exenatide relative to those who initiated other 
antidiabetic drugs. This represents an interim analysis of claims data to be 
further validated through medical records review.
Materials and methods: Eligible patients were enrolled in the health care 
plan for at least 9 continuous months (Sep 1, 2004 to Dec 31, 2007) and had 
no history of chronic or acute pancreatitis. Propensity scores for exenatide 
initiation were developed from baseline characteristics (proxies for diabetes 
mellitus (DM) severity, cardiovascular disease (CV), known acute pancreati-
tis risk factors, and empirically-derived variables), which were obtained from 
9 months of claims data prior to cohort entry. Cases were patients with a pri-
mary diagnosis of acute pancreatitis (ICD-9 577.0) associated with an emer-
gency room visit or hospitalisation during follow-up. We used multivariable 
Poisson regression to estimate the incidence rate (IR), rate ratio (RR), and 
95% confidence intervals (CI) comparing periods of current, recent, and past 
use of exenatide to periods of current, recent, and past use of other antidi-
abetic drugs.
Results: Initiators of exenatide (N= 25,719; 80% age 40-64 y) were more 
likely to be female (56% vs 49%) and had a higher baseline prevalence of 
claims for type 2 DM (84% vs 59%), obesity (16% vs 8%), and CV risk factors 
(hyperlipidaemia 77% vs 54%; hypertension 64% vs 49%) than initiators of 
other antidiabetic drugs. In addition, exenatide initiators were more likely 
to use multiple DM drugs (hypoglycaemic agents: biguanides 60% vs 20%; 
insulin-release stimulant type 48% vs 18%; insulin-response enhancer 46% 
vs 13%; insulins 24% vs 9%, lipotropics 61% vs 38% , ACE inhibitors 39% vs 
27%) than other antidiabetes drug initiators. Compared to other antidiabetic 
drugs, the RR of acute pancreatitis for exenatide was: 0.9 [CI 0.6-1.3] for cur-
rent use, 0.9 [CI 0.4-2.1] for recent use, and 1.4 [CI 0.9-2.3] for past use.
Conclusion: These data suggest that use of exenatide was not associated with 
an increased rate of acute pancreatitis compared to other antidiabetic drugs.
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The diabetes risk score outperforms fasting plasma glucose and glucose 
tolerance tests: combined results from the Inter99 and Botnia Studies
M.P. McKenna1, V. Lyssenko2, M. Rowe1, R. Gerwien1, J. Kolberg1, M. 
Urdea1, T. Hansen3, T. Jørgensen4,5, O. Pedersen5,3, K. Borch-Johnssen3,6, L. 
Groop2; 
1Research, Tethys Bioscience, Emeryville, United States, 2Department of 
Clinical Sciences/Diabetes & Endocrinology, Lund University, Malmö, 
Sweden, 3Steno Diabetes Center, Copenhagen, Denmark, 4Research Centre 
for Prevention and Health, Glostrup Hospital, Copenhagen, Denmark, 
5Faculty of Health Science, University of Copenhagen, Denmark, 6Faculty of 
Health Science, University of Aarhus, Denmark.

Background and aims: Improved identification of subjects at high risk for 
development of Type 2 diabetes (T2D) would allow more aggressive preven-
tive interventions to be targeted towards those individuals who could benefit 
most. The aim of this study was to validate a multi-marker panel that predicts 
5 year risk of T2D on an independent population, and to compare the per-
formance to a combined clinical model of fasting plasma glucose and glucose 
tolerance.
Materials and methods: The Diabetes Risk Score (DRS) was based on a 7-
biomarker panel developed from the Inter99 cohort, a Danish longitudinal 
population-based study of middle-aged participants. The test was performed 
on an independent population, the Botnia cohort, a Finnish family-based 
study designed to identify genetic factors associated with the development 
of T2D. All 1993 Botnia participants with outcomes and available baseline 
specimens were tested. Reclassification analysis was used to consider the util-
ity of the DRS relative to plasma glucose tests. In idealized current clinical 
practice, patients with impaired fasting glucose would be further stratified by 
2hr OGTT. Glucose test results were categorized into Low (NFG), Medium 
(isolated IFG) and High (IFG/IGT) risk groups. The DRS results were applied 
to reclassify the glucose categories using three bins: Low (score =4=7.3). To 
increase the statistical power of this analysis, subjects in the Botnia cohort 
who converted to diabetes at any time during the study over 15.5 years were 
considered converters.
Results: The DRS stratified the Botnia population more accurately than glu-
cose measures. As shown in the table, DRS identified 7% of the population as 
high risk, of which 30.7% converted. Using glucose measures, 6% of subjects 
had both IFG and IGT, of which only 19.8% converted. DRS assigned low risk 
to 68.4% of subjects, of which 2.1% converted; by contrast, 81.7% of subjects 
had normal fasting glucose of which 4.5% converted. The overall net reclas-
sification index (NRI) was highly significant (0.341, p<0.0001). The NRI in 
each of the glucose strata were also significant; DRS showed the greatest im-
provement among intermediate risk subjects with isolated IFG.
Conclusion: DRS assigned Botnia subjects to low, medium and high risk 
groups with more accuracy than the combined results of fasting plasma 
glucose and oral glucose tolerance tests. These results provide independent 
validation of a panel of serum biomarkers developed in the Inter99 study for 
assessing the risk of developing type 2 diabetes. 

Supported by: Sigrid Juselius Foundation, Finnish DRA, Lund University, 
DMRC, DCEHTA, Steno Diabetes Center, Tethys Bioscience

8
The impact of body fat distribution and ectopic fat in determining 
different glucose tolerance categories
K. Kantartzis1, J. Machann2, F. Schick2, C. Totsikas1, A. Fritsche1,  
H.-U. Häring1, N. Stefan1; 
1Department of Internal Medicine IV, University of Tübingen, Germany, 
2Section on Experimental Radiology, University of Tübingen, Germany.

Background and aims: In the pre-diabetic state impaired fasting glucose 
(IFG) and impaired glucose tolerance (IGT) are both risk factors for the de-
velopment of type 2 diabetes and cardiovascular disease. However, they differ 
in their impact on these diseases. So far it is unknown whether visceral fat 
and ectopic fat in the liver, important determinants of type 2 diabetes and car-
diovascular disease, and their humoral products, the adipokine adiponectin 
and the hepatokine fetuin-A, differ between these conditions and, thus, may 
explain the different risk.
Materials and methods: In 330 individuals at risk for type 2 diabetes we deter-
mined glucose tolerance status by means of a 2 hr 75 g oral glucose tolerance 
test. Total body fat and visceral fat were precisely quantified by magnetic reso-
nance (MR) tomography. Liver fat was measured by 1H-MR spectroscopy.
Results: A total of 210 individuals were found to have normal glucose tol-
erance (NGT), 41 IFG, 43 IGT and 36 IFG + IGT. Between the four cate-
gories of fasting glycemia and glucose tolerance total body fat was not dif-
ferent (p=0.51) after adjustment for age and gender. However, a small but 
continuous increase in adjusted visceral fat content was found from NGT 
to IFG+IGT (means±SE, NGT: 3.07±0.10; IFG: 3.11±0.21; IGT: 3.61±0.21; 
IFG+IGT: 3.84±0.23 kg, p=0.03). A large difference among the categories was 
found for liver fat content. There was a continuous increase in liver fat con-
tent from NGT (4.73±0.42%) to IFG (5.86±0.92%) to IGT (8.65±0.92%) and 
IFG+IGT (11.11±1.01%) after adjustment for age and gender (p<0.0001).
Circulating levels of the adipokine adiponectin also differed among the catego-
ries, although the differences were small (NGT: 13.67±0.46; IFG: 14.47±1.00; 
IGT: 11.76±0.99; IFG+IGT: 10.80±1.13 μg/dl, p=0.08). In contrast, there was 
a larger difference in the circulating hepatokine fetuin-A among the catego-
ries (NGT: 265±3; IFG: 260±8; IGT: 284±7; IFG+IGT: 286±9 μg/dl, p=0.01).
Next we investigated the predictive effect of total body fat, visceral fat and 
liver fat on determining the glucose tolerance categories. In a forward step-
wise regression analysis liver fat was the strongest determinant of the catego-
ries (p<0.0001) followed by age (p=0.0005) and gender (p=0.11). In another 
analysis including age, gender, adiponectin and fetuin-A, age was the strong-
est determinant of the categories (p<0.0001) followed by fetuin-A (p=0.016) 
and adiponectin (p=0.02).
Conclusion: Among total body fat, visceral fat and ectopic fat in the liver, liv-
er fat strongly and continuously increases when fasting glycemia and glucose 
tolerance move from NGT to IFG, IGT and IFG+IGT. Furthermore, liver fat 
is predicting the glucose tolerance category independently of total- and vis-
ceral fat. In addition, among the humoral products of fat and liver, fetuin-A 
was a stronger predictor of the categories than adiponectin. Thus, liver fat 
may represent an important target in the treatment of pre-diabetes and in the 
prevention of type 2 diabetes.
NS is supported by a Heisenberg-Grant from the DFG

9
Use of multiple metabolic and genetic markers to improve the prediction 
of type 2 diabetes: the EPIC-Potsdam study
M.B. Schulze1,2, C. Weikert1,3, T. Pischon1, M.M. Bergmann1, H. Al-Hasani4, 
E. Schleicher5, A. Fritsche5, H.-U. Häring5, H. Boeing1, H.-G. Joost4; 
1Department of Epidemiology, German Institute of Human Nutrition 
Potsdam-Rehbruecke, Nuthetal, 2Public Health Nutrition Unit, Technische 
Universität München, Freising, 3Institute for Social Medicine, Epidemiology, 
and Health Economics, Charité University Medicine Berlin, 4Department of 
Pharmacology, German Institute of Human Nutrition Potsdam-Rehbruecke, 
Nuthetal, 5Department of Internal Medicine, Division of Endocrinology, 
Diabetology, Nephrology, Vascular Disease, University of Tübingen, 
Germany.

Background and aims: Precise prediction of the risk of type 2 diabetes is 
essential for early and cost-effective prevention. We evaluated whether meta-
bolic factors and single nucleotide polymorphisms (SNPs) can improve dia-
betes risk prediction in a population-based, prospective study beyond an es-
tablished prediction model based on age, anthropometric, diet, and lifestyle 
variables (German Diabetes Risk Score).
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Materials and methods: A case-cohort study within the European Prospec-
tive Investigation into Cancer and Nutrition (EPIC)-Potsdam study compris-
ing 27,548 participants was designed. We randomly selected a subcohort of 
2,500 individuals from the 26,444 participants with blood of whom 1,991 
were diabetes-free at baseline and had anamnestic, anthropometrical, life-
style, and metabolic data. Of the 801 incident type 2 diabetes cases identified 
in the cohort during 7 years of follow-up 582 remained for analyses after ex-
clusions. Prediction models were compared by receiver operator characteris-
tics (ROC) and reclassification was evaluated by the integrated discrimina-
tion improvement (IDI).
Results: Prediction by the risk score (ROC-AUC: 0.8448) was improved by 
inclusion of plasma glucose (ROC-AUC: 0.8636, p<0.001) and HbA1c (ROC-
AUC: 0.8833, p<0.001). ROC-AUC was further improved with HDL-cho-
lesterol, triglycerides, γ-glutamyltransferase, and alanine-aminotransferase 
(0.8974, p=0.0028), which was confirmed by improved risk classification 
(relative IDI: 5%), but additional information on adiponectin or hs-CRP re-
sulted not in meaningful improvements. Information on diabetogenic SNPs 
(preliminary set of 17 variants) beyond these characteristics resulted in slight 
improvement in discrimination (ROC-AUC: 0.9053, p=0.0183) and risk clas-
sification (relative IDI: 4%). Parental history was associated with higher dia-
betes risk not explained by genetic variants evaluated, and this information 
provided a small improvement of risk prediction beyond the German DRS 
(relative IDI: 5%).
Conclusion: Metabolic markers, in particular plasma glucose and HbA1c, 
substantially improve risk prediction of type 2 diabetes beyond non-invasive 
risk factors. Seventeen SNPs slightly improved the prediction beyond these 
characteristics.
Supported by: German Ministry of Science, EU, German Cancer Aid

10
Prevention of type 2 diabetes development by an IKKβ inhibitor
J. Friberg1,2, M. Thonnesen2, F. Pociot2, T. B. Bödvarsdottir1, A. E. Karlsen1; 
1Novo Nordisk A/S, Maaloev, 2Hagedorn Research Institute, Gentofte, 
Denmark.

Background and aims: High doses of anti-inflammatory drugs like aspirin 
and salicylates have been shown to improve insulin and glucose metabolism 
in insulin resistant and diabetic patients through unspecific inhibition of the 
IKKβ and NFkB pathways. Based on this, we have investigated the effects of 
a specific IKKβ-inhibitor on β-cell survival and the prevention of develop-
ment of type 2 diabetes in the gerbil Psammomys obesus (P. obesus) fed a high 
energy diet.
Materials and methods: We investigated the development of body weight, 
blood glucose, HbA1C, plasma insulin and pancreatic insulin content in P. 
obesus fed a high energy diet, and treated with a specific IKKβ-inhibitor (60 
mg/kg; n=10) or vehicle (n=12) for one month. The effects of IKK-β inhibi-
tor on β-cells were also studied using INS-1 cells and primary islets from 
P. obesus, exposed to interleukin-1β (IL-1β) followed by analysis of reactive 
oxygen species (ROS), insulin secretion and cell death.
Results: Vehicle treated animals developed diet induced diabetes during 
the 28 days on high energy diet with a significant increase in blood glucose 
(3,4±0,1mM vs. 15,5±1,3; p<0,001) and HbA1C (4,8±0,1% vs. 6,4±0,3%; 
p<0,001). To compensate for the hyperglycemia the vehicle treated animals 
displayed a significant increase in plasma insulin until day 21 where hy-
perinsulinemia was declining, most likely caused by accelerated β-cell de-
struction (day 1: 1301±197pM vs. day 21: 6782±889; p<0,001 and day 28: 
5578±708pM). Animals treated with the IKKβ-inhibitor showed no sign of 
diet induced diabetes during the 28 days on high energy diet. No increase 
in HbA1C was observed and only a minor increase in plasma glucose and a 
non-significant increase in plasma insulin levels were detected. The animals 
treated with the IKKβ-inhibitor also had significantly lower levels of blood 
glucose (day 28: IKKβ-inh 5,7±0,9mM vs. vehicle 15,5±1,3mM; p<0,001), 
HbA1C (day 28: IKKβ-inh. 5,0±0,2% vs. vehicle 6,4±0,3; p<0,001) and plas-
ma insulin (day 21: IKKβ-inh. 3741±783pM vs. vehicle 6782±889; p<0,05), 
as compared to vehicle treated animals despite no difference in body weight 
(day 28: IKKβ-inh. 219±6,5g and vehicle 217±5,8g). Total pancreatic insulin 
was measured at day 28. The levels of pancreatic insulin stored in the IKKβ-
inhibitor treated animals was more than three-fold that observed in the vehi-
cle treated animals (day 28: IKKβ-inh. 26±7,2µg vs. vehicle 7±1,5µg; p<0,05). 
In primary islets and β-cells the IKKβ-inhibitor reversed IL-1β induced ROS 
production and diminished insulin production and β-cell death.
Conclusion: We have shown that development of diet induced hyperinsuline-
mia and hyperglycemia in P. obesus was prevented by treatment with a specific 

IKKβ-inhibitor. The IKKβ-inhibitor also prevented cytokine induced loss of 
insulin production and β-cell death in primary islets and β-cells possible by 
the inhibited production of ROS. This was also reflected in vivo since treated 
animals had a much larger insulin reserve compared to the exhausted β-cells in 
vehicle treated animals. These data support the use of anti-inflammatory drugs 
in prevention of type 2 diabetes. In conclusion, we have shown that an inhibi-
tor of the NFkB pathway was able to prevent type 2 diabetes development in P. 
obesus by reversing insulin resistance and protecting β-cell function.

11
Dapagliflozin prevents the development of diabetes in male ZDF rats
B.A. Zinker1, L. Xin1, H. Cai1, S. Boehm1, M. Cap1, J. Zalaznick1,  
W.N. Washburn2, S. Han1, J.M. Whaley1; 
1Diabetes Biology, Bristol-Myers Squibb, Princeton, 2Diabetes Chemistry, 
Bristol-Myers Squibb, Princeton, NJ, United States.

Background and aims: Dapagliflozin (Dapa), a potent and selective SGLT2 
inhibitor, is currently under investigation as a novel agent for the treatment 
of type 2 diabetes. The present study was designed to examine whether treat-
ment with Dapa for 5 weeks can prevent the development of diabetes in a 
model of rapid beta cell failure, the male ZDF rat.
Materials and methods: Male ZDF rats at 6 weeks of age were dosed q.d. p.o. 
for 5 weeks in the following groups: 1) age-matched lean littermates + vehicle 
(N=6; Lean), 2) ZDF + vehicle (N=8; ZDF), 3) ZDF + Dapa (1 mg/kg, N=8; 
Dapa), and 4) ZDF + rosiglitazone (10 mg/kg, N=8; Rosi) as a positive con-
trol. Oral glucose tolerance tests (OGTT, 2 g/kg) were undertaken 24 hr post 
final dose, after an overnight fast at the end of the 5 week treatment. Hemo-
globin A1c (HbA1c) and Echo MRI were used to evaluate glycemic control 
and body composition, respectively, in a separate cohort (N=5) treated iden-
tically. One way ANOVA followed by Dunnett’s or Tukey-Kramer test were 
performed for statistical analyses.
Results: In the ZDF group at 5 weeks, fasting plasma glucose (FPG) levels 
were 272 ± 40 mg/dL. At this time point, Dapa (80 ± 4 mg/dL; p< 0.01) and 
Rosi (100 ± 4 mg/dL; p<0.01) treated rats both had significantly lower FPG. 
HbA1c was significantly reduced with Dapa (4.6 ± 0.1%; p<0.001) and Rosi 
(4.1 ± 0.1%; p<0.001) compared to ZDF (7.8 ± 0.4%); both Dapa and Rosi 
groups were similar to Lean (4.1 ± 0.1%). In an OGTT, both Dapa and Rosi 
groups displayed significantly reduced glucose area under the curve (ΔAUC 
glucose; mg/dL*min) vs. ZDF (ZDF: 32847 ± 3995; Dapa: 11938 ± 1014, 
p<0.001; Rosi: 17526 ± 808, p<0.001). ΔAUC glucose in Dapa was not sig-
nificantly different from Lean. Fasting insulin levels were 1.0 ± 0.1 ng/mL in 
Lean, and were lower in Dapa vs. Rosi (2.6 ± 0.2 ng/mL vs. 4.1 ± 0.4 ng/mL, 
respectively; p<0.05). Dapa fasting insulin levels were similar to ZDF (2.1 ± 
0.3 ng/mL). The incremental change in insulin concentration in response to 
glucose challenge at 30 minutes (ΔInsulin30min) was greater in Dapa (7.2 ± 1.2 
ng/mL, p<0.001) compared to ZDF (1.1 ± 0.4 ng/mL). Dapa ΔInsulin30min 
was significantly different from Rosi (3.3 ± 0.9; p<0.05). Dapa treatment did 
not change body weight (BW, 393.4 ± 5.3 g) or fat mass (FM, 120.0 ± 3.5 g) 
vs. ZDF (365.2 ± 11.9 g and 111.9 ± 3.8 g, respectively), unlike Rosi treat-
ment which increased BW (488.0 ± 15.1 g, p<0.001) and FM (219.2 ± 8.5 g, 
p<0.001) vs. ZDF.
Conclusion: These results suggest that once-daily dosing with Dapa prevent-
ed the development of diabetes, was body weight neutral, and preserved beta 
cell function in a rodent model of type 2 diabetes.

12
Liraglutide, a once-daily human GLP-1 analogue, reduces the prevalence 
of prediabetes in obese subjects over 20 weeks: a randomized placebo-
controlled trial
N. Finer1, M. Al Hakim2, A. Astrup3, A. Harper4, M. Lean5, L. Niskanen6, 
M.F. Rasmussen4, A. Rissanen7, S. Rössner8, L. Van Gaal9, and NN8022-1807 
study group; 
1Department of Medicine, University College London, United Kingdom, 
2EB FlevoResearch, Almere, Netherlands, 3University of Copenhagen, 
Frederiksberg, Denmark, 4Novo Nordisk A/S, Bagsvaerd, Denmark, 
5University of Glasgow, United Kingdom, 6Kuopio University Hospital, 
Finland, 7Helsinki University Central Hospital, Finland, 8Karolinska 
University Hospital, Huddinge, Sweden, 9Antwerp University Hospital, 
Belgium.

Background and aims: Prediabetes is a strong predictor of type 2 diabe-
tes with an estimated prevalence in Europe of 10-20%. Liraglutide reduces 
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HbA1c by 1.0-1.5% and weight by 2-3 kg with doses up to 1.8 mg in patients 
with type 2 diabetes. This double-blind, placebo-controlled trial with open-
label orlistat comparator was the first to investigate the effect of liraglutide in 
obese non-diabetic subjects. We have previously reported on body weight, 
the primary outcome. This abstract focuses on prediabetes status, a second-
ary endpoint.
Materials and methods: Subjects (18-65 years, BMI 30-40 kg/m2), of which 
175 had prediabetes based on 2003 ADA criteria, were randomized equally 
to 1 of 4 liraglutide doses (1.2, 1.8, 2.4 or 3.0 mg once daily s.c.), placebo once 
daily s.c. or orlistat (120 mg 3x daily orally) for 20 weeks. Prediabetes was 
defined as IGT or IFG (IGT: 2h glucose 7.8-11 mmol/L in OGTT; IFG: FPG 
5.6-6.9 mmol/L). All subjects were advised and encouraged to reduce daily 
energy intake by 500 kcal and to increase physical activity. www.clinicaltrials.
gov ID NCT00422058.
Results: In the ITT population (561 of 564 randomized subjects) with LOCF, 
the estimated mean placebo-subtracted weight loss from randomization was 
2.1 kg [95% CI 0.6-3.6] (liraglutide 1.2 mg) to 4.4 kg [2.9-6.0] (liraglutide 3.0 
mg). Mean weight loss with liraglutide 3.0 mg was 7.2 kg. Weight loss from 
screening, including 2-week run-in, ranged from 4.1 ± 3.9 kg with placebo to 
9.1 ± 5.2 kg with liraglutide 3.0 mg (Table). Prediabetes at baseline was 31% 
and the incidence over 20 weeks was reduced by about 90% with liraglutide 
1.8-3.0 mg. In a post hoc analysis, liraglutide-treated subjects had significant-
ly greater odds of having normal glucose tolerance at Week 20 compared to 
those treated with placebo or orlistat (p<0.01 all doses, Table). The estimated 
odds were between 4 and 38 for liraglutide compared with 1.5 for placebo or 
orlistat. The number of subjects needed to be treated to prevent one case of 
prediabetes was 3-6 with liraglutide 1.2-3.0 mg, compared to 24 with orlistat. 
Compared to placebo, more events of nausea and vomiting of mild to moder-
ate intensity occurred with liraglutide, mostly within the first 4-6 weeks.

Lira- 
glutide  
1.2 mg

Lira- 
glutide  
1.8 mg

Lira- 
glutide  
2.4 mg

Lira- 
glutide  
3.0 mg

Placebo Orlistat

Change from baseline to Week 20
Body 
weight from 
screening 
(kg)1

Prediabetes 
to normal2 
status
Normal2 to 
prediabetes 
status

-6.7 ± 4.0

18/26 
(69%)

3/51 (6%)

-7.1 ± 5.8

26/27 
(96%)

0/44 (0%)

-7.9 ± 5.0

23/26 
(88%)

1/46 (2%)

-9.1 ± 5.2

24/25 
(96%)

2/53 (4%)

-4.1 ± 3.9

13/28 
(46%)

11/48 
(23%)

-5.5 ± 4.3

9/22 
(41%)

10/53 
(19%)

Estimated odds ratio3

Versus 
placebo
Versus 
orlistat

3.0 [1.1; 
8.1]
3.0 [1.1; 
8.3]

26.1 [3.8; 
181]
26.3 [3.7; 
185]

10.7 [2.4; 
47]
10.8 [2.4; 
48]

12.5 [2.9; 
55]
12.6 [2.9; 
56]

–
–

–
–

1Values are the mean +/- SD
2FPG <5.6 mmol/L or <7.8 mmol/L in OGTT
3Estimated mean OR [95% CI] for having normal glucose tolerance

Conclusion: Liraglutide 1.2-3.0 mg once daily for 20 weeks produced weight 
loss, reduced the incidence of prediabetes and reversed existing prediabetes 
in obese subjects. Treatment with liraglutide normalizes raised glucose levels 
and may delay the onset of type 2 diabetes.
Supported by: Novo Nordisk A/S

OP 3 Diabetes education and 
management
13
Cost effectiveness of the DESMOND structured education programme 
for patients newly diagnosed with type 2 diabetes
M. Gillett1, H.M. Dallosso2, S. Dixon1, A. Brennan1, M.E. Carey2,  
M.J. Campbell1, S. Heller3, K. Khunti4, M.J. Davies5; 
1School of Health and Related Research, University of Sheffield, 2Diabetes 
Research, University Hospitals of Leicester, 3Academic Unit of Diabetes, 
Endocrinology and Metabolism, University of Sheffield, 4Health Sciences, 
University of Leicester, 5Cardiovascular Sciences, University of Leicester, 
United Kingdom.

Background and aims: DESMOND is a structured education programme 
for patients newly diagnosed with Type 2 diabetes. The programme meets 
criteria laid down by the National Institute for Health and Clinical Excel-
lence in the UK. Previously reported results from the RCT demonstrated 
improvements in some bioemedical and lifestyle measures, notably smoking 
and body weight, and in some health scores including illness beliefs and de-
pression scores. This analysis assesses the within-trial and long-term cost-ef-
fectiveness of DESMOND compared to usual care.
Materials and methods: The DESMOND trial was a multi-site cluster ran-
domised controlled trial enrolling 824 people newly diagnosed with Type 2 
diabetes. 12 month follow-up data including biomedical, lifestyle and NHS 
resource use data were collected on 749 participants. The analysis here uses 
the described data from the 12 month period of the DESMOND trial and 
the Sheffield 2 Diabetes Model to estimate the long-term outcomes, costs 
and benefits and cost-effectiveness of the DESMOND intervention. The es-
timated long-term costs and benefits of DESMOND, including its impact on 
use of therapies, cardiovascular events and quality-adjusted life years (QA-
LYs) were aggregated to obtain the incremental cost per QALY. The effects 
of the intervention were assumed to have some sustained effect up to 3 years. 
Uncertainty around key parameters, such as weight changes, smoking rates 
and durability of effects, was explored using probabilistic sensitivity analysis 
(PSA) and alternative scenarios.
Results: The main drivers of the results were a 1.26 kg greater weight loss and 
favourable changes in smoking status with the DESMOND intervention. The 
resulting estimated lifetime additional costs, based on the cost of the inter-
vention in the trial, are £218 and there is an increase in QALYs of 0.0406 and 
an incremental cost effectivenss ratio (ICER) of £5,369. PSA results indicate 
that there is an 81% likelihood that DESMOND is cost-effective compared 
to usual care at a UK £ 20,000 cost/QALY willingness to pay threshold. The 
analysis was then repeated using the current real-world cost of delivering the 
DESMOND intervention in a typical primary care trust which is £76 per pa-
tient compared to £203 in the trial. In this case the lifetime incremental cost 
is only £91 resulting in an ICER of £2,241 and the PSA indicates that there 
is an 87% likelihood that DESMOND is cost-effective at £20,000 cost/QALY 
threshold. A sensitivity analysis, based around the real world cost of DES-
MOND and more conservative assumptions regarding the durability of ef-
fects, resulted in an ICER of £2,647 and an 80% likelihood that DESMOND 
is cost effective.
Conclusion: The long-term model suggests that DESMOND, given as a one 
off intervention, is very cost effective even with modest assumptions around 
how long effects are sustained. Further model-based economic analyses can 
be undertaken when evidence becomes available on the effectiveness of DES-
MOND as an on-going intervention as recommended by NICE.
Supported by: Diabetes UK

14
Economic impact of modular outpatient diabetes education programme
J. Pumprla1, K. Howorka1, N. Howorka1, E. Perneczky1, I. Rakovac2; 
1Res Group Functional Rehabilitation, Centre of Biomed. Engin. & Physics, 
Medical University of Vienna, 2Joanneum Research, Graz, Austria.

Background and aims: The economic impact of a health intervention can 
be described by evaluation of savings with following methods: participant 
surveys, time value of money-analysis, extrapolation from published cost es-
timates, cost-benefit analyses, cost-utility studies and return on investment. 
Our aim was to evaluate the economic impact of our outpatient diabetes 
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modular education program for metabolic syndrome and diabetes, using 
a novel cost-utility assessment method in the context of the Austrian and 
German health care system and its outcomes as currently applied in diabetes 
treatment practice (as shown by FQSD, “Forum Qualitätssicherung Diabe-
tes”).
Materials and methods: We used the mathematical diabetes mellitus simula-
tion model PROSIT-Danube A which is based on Markov modelling of natu-
ral course of the disease while joining cost data to the disease model. This cost-
utility analysis determines the best way of spending given health care budget. 
It relates cost to healthy years gained (e.g. quality-adjusted life years, QALY, 
and/or healthy years equivalents) as benefits converted into monetary terms.
To ensure high quality epidemiological data necessary for correct input pa-
rameters, we used independent, benchmarking-based data of FQSD. Here, 
for benchmarking purposes 14 biggest diabetes care centres from Austria 
and Germany have been selected. Selection criteria for voluntarily registered 
centres included biggest available numbers of individuals per centre assessed 
with annual basic information sheets as acquired for 2 years, care for mainly 
adult outpatients with metabolic syndrome / type 1 and type 2 diabetes and 
the availability of HbA1c assay reference ranges.
The simulation of effects of our diabetes structured education system was 
used in comparison: our subgroup treated with structured modular patient 
education (95 % of structured diabetes education, 35% hypertension and ne-
phropathy prevention module), against all other patients (36% diabetes edu-
cation, used data of patients with documented microalbuminuria) as found 
within an international benchmarking study: n = 209 / 10.325 patients, initial 
age 49 / 60 yrs, sex 56 / 53 % female, duration of diabetes 19 / 10 yrs, smoker 
14 / 13%, HbA1c 6,6 / 7,1%, blood pressure (systolic) 128 / 138 mmHg, blood 
pressure (diastolic) 72 / 80 mmHg, blood pressure (MAP) 91 / 99 mmHg, 
BMI 26 / 30 kg/m², anti-hypertensive treatment 78 / 52 %, ACE inhibitors 
50 / 40%.
Results: The cost of QALY in our cost-utility calculation was 2.300 EUR while 
the cost per QALY in all other patients reached 2.587 EUR (both discounted 
values by 3.5%). Similarly, the calculated discounted cost of lifeyear was 2.277 
EUR in our group versus 2.532 EUR in other centres. This finding confirms 
clinical findings on effective nephropathy prevention with modular diabetes 
education including hypertension module where necessary. Structured pa-
tient education for competent treatment proved to be cost-effective.
Conclusion: This PROSIT-based cost-utility analysis shows that structured 
modular ambulatory education in diabetes brings a considerable return on 
investment in terms of cost reduction for QALYs. Education provides ben-
efits converted to monetary terms. Financial efficacy of patient education 
should be perceived by insurance and health care providers in the current 
health care plans of the EU.

15
Validating a diabetes specific quality of life measure in an English 
speaking population: the Irish Dose Adjustment for Normal Eating 
(DAFNE) Study
M. O’Hara1, M. Byrne2, M. Clark3, L. Daly4, J. Newell4, D. Cooke3, S. Heller5, 
S. Dinneen6, for the Irish DAFNE Study Group; 
1Diabetes Centre, University Hospital Galway, Ireland, 2School of 
Psychology, National University of Ireland, Galway, Ireland, 3Division of 
Medicine, University College London, United Kingdom, 4Clinical Research 
Facility, National University of Ireland, Galway, Ireland, 5School of Medicine 
and Biomedical Sciences, University of Sheffield, United Kingdom, 
6Medicine, National University of Ireland, Galway, Ireland.

Background and aims: The Irish DAFNE Study is evaluating a structured ed-
ucation programme for people with Type 1 diabetes in Ireland. Quality of life 
is an important outcome of the study. We chose the Diabetes-Specific Quality 
of Life Scale (DSQOLS) as our main measure. The instrument was originally 
developed in Germany to evaluate the Düsseldorf insulin treatment and train-
ing programme. It contains 77 items including 10 individual treatment goal 
items, 10 satisfaction with treatment success items and 57 diabetes-related dis-
tress items (additional items were included to assess impact of hypoglycaemia 
on quality of life). The scale was altered slightly from the original, with input 
from people with diabetes, to reflect linguistic differences and more cultur-
ally appropriate scale-items. A subset of participants completed both DSQOLS 
and the Audit of Diabetes-Dependent Quality of Life (ADDQoL) tool. The 
ADDQoL was developed in England and consists of 20 items.
Materials and methods: Reliability coefficients (Cronbach’s α) were com-
puted for all psychometric subscales. Internal consistency of subscales and 
correlation between subscales (Pearson’s correlation) were measured.

Results: A total of 42 individuals (55% female, mean age 39 years, mean dia-
betes duration 16 years, mean HbA1c 8.6%) completed the DSQOLS and the 
ADDQoL scales. The Cronbach’s α for the 8 DSQOLS sub-scales were; So-
cial relations (11 items), 0.9; Leisure time flexibility (6 items), 0.89; Physical 
complaints (9 items), 0.86; Worries about future (5 items), 0.87; Diet restric-
tions (9 items), 0.91; Daily hassles (6 items), 0.82; Fear of hypoglycaemia (11 
items), 0.95 and Daily burdens and restrictions (57 items), 0.97. Cronbach’s α 
for Average-Weighted Impact (AWI) of the ADDQoL was 0.83. In ADDQoL 
the overall QoL item, the future QoL item and AWI score were significantly 
correlated (r = .387, .341 and .324 respectively). In DSQOLS all subscales 
were significantly correlated to each other (r between 0.637 and 0.861). Sub-
scales from both instruments that were significantly correlated included; De-
pendence (ADDQoL) and Leisure time flexibility (DSQOLS, r = 0.363, p < 
0.05), Dependence (ADDQoL) and Social relations (DSQOLS, r = 0.403, p < 
0.01). Holidays/ Leisure (ADDQoL) were significantly correlated to Leisure 
time flexibility, Physical complaints, Worries about future, Fear of hypogly-
caemia and Daily burden and restrictions (DSQOLS, r = 0.393, 0.363, 0.358, 
0.343 and 0.355 respectively, p <0.05).
Conclusion: A high degree of internal consistency was achieved by both in-
struments. High inter and intra-correlations of the subscales were suitably 
reported. In the absence of a global QoL score from DSQOLS it was diffi-
cult to compare the 2 instruments at baseline. However future measurements 
within the Irish DAFNE Study will enable the responsiveness and sensitivity 
to change of these 2 quality of life scales to be assessed and compared.
Supported by: HRB Health Services R&D Award

16
Depression and sense of coherence are associated with food intake and 
compliance with dietary guidance in type 1 diabetes
A.J. Ahola1,2, V. Mikkilä3, S. Mäkimattila1, M. Saraheimo1,2, C. Forsblom1,2, 
R. Freese3, P.-H. Groop1,2, on behalf of the FinnDiane Study Group; 
1Folkhälsan Institute of Genetics, Helsinki, 2Division of Nephrology, 
Helsinki University Central Hospital, 3Division of Nutrition, University of 
Helsinki, Finland.

Background and aims: In type 1 diabetes, appropriate insulin dosing and 
compliance with dietary recommendations are important in achieving good 
metabolic control. As psychological disturbances are common in patients 
with type 1 diabetes, we aimed to study the associations between psychologi-
cal and dietary factors. Additionally, we studied which factors are associated 
with compliance with dietary guidance received in health care.
Materials and methods: A total of 527 participants [46% men, mean age 47 
(range 17-84) years, diabetes duration 30 (1-62) years] in the Finnish Diabetic 
Nephropathy Study were included in this cross-sectional study. Beck Depres-
sion Inventory (BDI) and sense of coherence test were used to study depres-
sion and sense of coherence (SOC), respectively. Data on food consumption 
and dietary guidance were collected using a questionnaire. Compliance with 
dietary guidance was assumed if patient reported following instructions al-
ways or most of the time.
Results: Overall rates of depression (score >16) and weak SOC (score <60) 
were 13% and 18%, respectively, and 9% of patients were both depressed and 
had weak SOC. A total of 86% of depressed and 87% of non-depressed pa-
tients had received dietary guidance (ns). These patients did not differ in com-
pliance with dietary guidance (53% vs. 60%, p=0.27). Depressed males con-
sumed less fresh vegetables, bread and coffee, but more fried foods compared 
to males without depression (p<0.05, all). Female patients with depression 
consumed less dairy products and fish (p<0.05, both) compared to females 
without depression. Of patients with weak and strong SOC, 89% and 87% 
had received dietary guidance (ns), but of these 48% and 61%, respectively, 
reported adhering to the dietary guidance often or always (p<0.05). Male pa-
tients with weak SOC consumed more soft drinks and fried foods than males 
with strong SOC did (p<0.05, all). Additionally, they reported more frequent-
ly using no spread on bread compared with males with strong SOC (22% vs. 
5%, p<0.01). Females with weak SOC consumed less fish, cooked vegetables, 
and fruits and berries, but more soft drinks compared to females with strong 
SOC (p<0.05, all). In a logistic regression analysis, strong SOC, dietary guid-
ance given by a physician (but not dietitian or nurse), longer diabetes dura-
tion and adherence to any special dietary regimen were associated with good 
self-reported compliance with dietary guidance when adjusted for gender.
Conclusion: Depression and weak SOC were associated with less prudent 
food choices such as infrequent consumption of fish and vegetables. Strong 
SOC is associated with good compliance with dietary guidance. Dietary guid-
ance from physicians may improve the compliance. Our results suggest that 
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psychological well-being may play an important role in modifying dietary 
habits among patients with type 1 diabetes.
Supported by: Signe and Ane Gyllenberg Foundation, Folkhälsan Research 
Foundation, and Wilhelm and Else Stockmann Foundation

17
Effects of group-based lifestyle rehabilitation on glycaemic control, 
physical fitness and risk factors for cardiovascular disease in patients 
with type 2 diabetes
E.S. Vadstrup1, A. Frølich2, H. Perrild1, E. Borg3, M. Røder4,1; 
1Department of Endocrinology and Gastroenterology, Bispebjerg University 
Hospital, Copenhagen, 2Department of Integrated Healthcare, Bispebjerg 
University Hospital, Copenhagen, 3Health Care Centre Oesterbro, 
Copenhagen, 4Department of Cardiology and Endocrinology, Hillerød 
University Hospital, Denmark.

Background and aims: Current guidelines recommend education, physical 
activity and change in diet for type 2 diabetes patients, yet composition and 
organization of non-pharmacological care are still controversial. We inves-
tigated the effectiveness of a new group-based lifestyle rehabilitation pro-
gramme in a Health Care Centre in primary care versus conventional indi-
vidual counselling in an Outpatient Clinic.
Materials and methods: We randomized 143 adult type 2 diabetes patients 
to either the intervention group consisting of an education programme de-
livered by a multi-disciplinary team, a supervised exercise programme, and 
a cooking course, or the control group receiving individual counselling with 
a diabetes nurse specialist and a dietician. Outcome measures at 6 months 
follow-up included HbA1c (primary outcome), blood pressure, lipid profile, 
anthropometric variables, and physical fitness.
Results: Baseline characteristics were comparable, 22 patients did not com-
plete 6 months follow-up, and 121 patients were included in the intention-
to-treat analysis. 64% completed 75% of the exercise programme, and 76% 
attended 5 of 6 education sessions. In the control group 90% completed 75% 
of the counselling sessions. After 6 months HbA1c decreased from 7.8 ±0.8% 
to 7.5% ±1.0% in the intervention group and from 7.8 ±0.8% to 7.2 ±0.9% 
in the control group (p=0.054). In the two groups combined the overall de-
crease in HbA1c was significantly lower after 6 months compared to baseline 
(-0.4%, p<0.01). Similarly, there was a reduction in systolic blood pressure 
(-5 mmHg, 95% CI (-7.8 to -3.0)), weight (-2 kg, 95% CI (-2.7 to -1.4)), and 
waist circumference (-2 cm, 95% CI (-2.6 to -1.3)) after 6 months in the two 
groups combined, but there were no differences between the groups. There 
was no difference in the lipid profile between the two groups although there 
were a small overall decrease in the level of p-cholesterol (-0.3 mmol/L, 95% 
CI (-0.4 to -0.1)) and p-triglycerides (-0.2 mmol/L, 95% CI (-0.5 to -0.02)). 
Muscle strength in legs improved by 30% during the exercise programme in 
the intervention group (132 to 169 kg, 95% CI (27.6 to 46.7)). No improve-
ment in muscle strength in the control group after 6 months.
Conclusion: Despite an improvement in muscle strength the new multi-dis-
ciplinary rehabilitation programme for type 2 diabetes patients did not im-
prove glycemic control more than the conventional individual counselling. 
Likewise, there were equal effects on blood pressure, lipids, weight, and waist 
circumference in both groups. These results suggest that a multi-disciplinary 
rehabilitation programme in a Health Care Centre in primary care setting 
is a comparable alternative to the conventional individual counselling in an 
outpatient setting.
Supported by: Jascha Foundation, National Board of Health and the Danish 
Ministry of Health and Prevention

18
Motivational enhancement therapy with and without cognitive 
behaviour therapy to treat type 1 diabetes: the long-term outcomes of a 
randomised controlled trial
K. Ismail1, G. Lawrence-Smith1, Y. Cheah2, K. Winkley1, R. Yadav3,  
S. Thomas4, J. Bartlett5; 
1Psychological Medicine, Institute of Psychiatry, London, 2King’s College 
Hospital, London, 3Trafford General Hospital, Trafford, 4Guy’s & St Thomas’ 
Hospital, London, 5London School of Hygiene and Tropical Medicine, 
London, United Kingdom.

Background and aims: Psychological treatments can lead to improvements 
in glycaemic control in the short term (12 months). We conducted a follow 

up of a cohort from a randomised controlled trial, in which we reported 
that motivational enhancement therapy (MET) with cognitive behavioural 
therapy (CBT) improved glycaemic control in type 1 diabetes compared to 
usual care at 12 months by half percent reduction in HbA1c but MET alone 
compared to usual care did not. We aimed to test whether this beneficial ef-
fect was maintained at 36 months.
Materials and methods: In the original study, 1659 patients were screened 
from 8 diabetes centres in London and Manchester, United Kingdom of 
which 507 were eligible. The baseline sample consisted of 344 adults with 
type 1 diabetes with glycated haemoglobin between 8.2 and 15%, and with-
out complications or severe comorbid disease. They had been randomised to 
either nurse delivered MET (4 sessions over 2 months), MET plus CBT (12 
sessions over 6 months) or usual diabetes care. Participants were contacted 
for informed consent to the longterm follow up. The main outcome was the 
36 month change in glycated haemoglobin.
Results: To date 6 diabetes centres have been followed up (n=253) and data 
on the primary outcome is currently available on 115 original participants, 
giving a preliminary response rate of 45.4%. In the preliminary analysis, the 
mean baseline HbA1c was 9.37%, and the mean 36 month HbA1c was 8.72%, 
representing an average decrease in HbA1c of 0.65% (95% CI 0.41 to 0.90, 
p=0.001) from baseline to 36 months (table 1). Using ANCOVA regression 
modelling, there was no difference between MET plus CBT versus usual care 
at 36 months (baseline adjusted mean difference in HbA1c 0.11% (95% con-
fidence interval -0.42 to 0.65) and nor between MET versus usual care (base-
line adjusted mean difference in HbA1c 0.03% (-0.54 to 0.61).
Conclusion: Adjusting for baseline HbA1c, the 3 groups are very similar at 
months. The effectiveness of MET plus CBT at 12 months had disappeared at 
36 months. There may be a selection bias in early respondents as the respond-
ers on average have improved their glycaemic control.

Table 1: HbA1c at baseline and at 36 months by intervention (n=115)
Group Baseline HbA1c %  

mean (SD)
36 month HbA1c % 
mean (SD)

Usual care (n=42) 9.32 (0.86) 8.65 (1.39)
MET (n=41) 9.28 (0.67) 8.74 (1.16)
MET plus CBT (n=32) 9.56 (1.27) 8.79 (1.33)

Supported by: NHS Health Technology Assessment Programme
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OP 4 Diabetes and the heart
19
Myocardial function and myocardial lipid accumulation in insulin 
resistant and type 2 diabetic women
M. Krssak1,2, Y. Winhofer2, C. Göbl2, M. Bischof2, G. Reiter3,  
A. Kautzky-Willer2, A. Luger2, M. Krebs2, C. Anderwald2; 
1Radiology, Medical University of Vienna, 2Internal Medicine 3, Medical 
University of Vienna, 3Siemens Austria, Wien, Austria.

Background and aims: Impaired glucose metabolism is an independent risk 
factor for cardiovascular disease and heart failure. Non-invasive quantifica-
tion of myocardial lipid accumulation by localized 1H MR spectroscopy has 
recently revealed possible links between myocardial steatosis, myocardial 
function and impaired glucose metabolism in type 2 diabetic patients. In-
sulin resistance is associated with enhanced ectopic lipid accumulation in 
skeletal muscle and liver. Therefore, the aim of the present study was to assess 
relations between insulin resistance and myocardial lipid accumulation and 
function in non-diabetic women.
Materials and methods: 1H magnetic resonance imaging and localized 1H 
single voxel spectroscopy were used to measure left ventricular dynamic 
parameters and myocardial lipid accumulation in cardiac septum of non-
diabetic insulin sensitive (IS: n=6, 50±5 years, BMI 25±2 kg/m2) and insulin 
resistant (IR: n=7, 50±6 y., 26±2 kg/m2) women as well as females with type 
2 diabetes mellitus (T2DM: n= 6, 51±8 y., 28±2 kg/m2; HbA1c 9.2±1.9%). 
In non-diabetic women, insulin sensitivity was assessed by oral glucose tol-
erance test and subsequent calculation of the Clamp-Like Index (CLIX; IR: 
4.5±0.4 vs. IS: 9.7±0.7, p<0.0001). Data are given as mean±SD.
Results: As to myocardial function, we could not find any difference between 
the study groups regarding left ventricular ejection fraction (IS: 69.3±2.5; 
IR: 70.5±2.8, T2DM: 68.8±1.7%), end-systolic volume (IS: 35±12; IR: 30±13; 
T2DM: 27±12 ml) and cardiac output (IS: 4.9±0.8, IR: 4.8±1.2, T2DM: 
4.4±0.5 l/min), whereas end-diastolic volume (IS 113±19; IR 98±28; T2DM 
84±16 ml) and stroke volume (IS 79±10; IR 68±18; T2DM 56±8 ml) tended 
to be lower in IR (IS vs. IR: ns) and was significantly decreased in T2DM 
compared to IS (T2DM vs. IS: p< 0.02). Myocardial lipid content was not 
different between IS and IR (p= 0.7), but tended to be increased (p= 0.2) in 
T2DM group (IS: 0.43±0.25; IR: 0.38±0.17, T2DM: 0.68±0.36 %)
Conclusion: Our results suggest that increased myocardial lipid content and 
impaired myocardial function are not linked to insulin resistance per se, but 
might develop after the manifestation of type-2 diabetes.
Supported by: Austrian National Bank #13249 to M.K.

20
Glucosamine increases hexosamine biosynthesis and O-linked N-
acetylglucosamine in the heart, and leads to metabolic alterations similar 
to those seen in diabetic cardiomyopathy
N. Fülöp1,2, B. Laczy2, A. Onay-Besikci3, C. Des Rosiers4, R.B. Marchase5, 
J.C. Chatham2,5; 
1Department of Nephrology, Kaposi Mór County Hospital, Kaposvár, 
Hungary, 2Department of Medicine, University of Alabama at Birmingham, 
United States, 3Department of Pharmacology, University of Ankara, Turkey, 
4Department of Nutrition, University of Montreal, Canada, 5Department of 
Cell Biology, University of Alabama at Birmingham, United States.

Background and aims: Increased hexosamine biosynthesis pathway (HBP) 
flux and O-linked attachment of N-acetyl-glucosamine (O-GlcNAc) on nu-
cleocytoplasmic proteins have both been implicated in cardiovascular com-
plications associated with diabetes. Therefore, the goal of this study was to de-
termine the impact of increases in HBP flux and O-GlcNAc levels - induced 
by glucosamine (GlcN) - on cardiac function and metabolism.
Methods: Hearts were perfused with 0; 0.05; 0.1; 1; 5 and 10 mM GlcN, meta-
bolic fluxes were determined by using 13C-NMR isotopomer analysis. UDP-
GlcNAc, a product of HBP and a precursor of O-GlcNAc was assessed by 
HPLC and protein O-GlcNAc, AMPK and ACC phosphorylation and mem-
brane asociated FAT/CD36 was assessed by immunoblot analysis.
Results: GlcN had no effect on cardiac function or on cardiac ATP content at 
any concentration; however, 0.1 mM GlcN significantly increased both UDP-
GlcNAc and O-GlcNAc by 40-50% (p<0.05, Vs 0mM GlcN). This increase in 
O-GlcNAc was associated with a significant increase in palmitate oxidation 
(46±4 vs 67±2%) and a concomitant decrease in lactate (30±3% vs 14±1%; 

p<0.05) and pyruvate (8±2% vs 3±1%) oxidation. Higher concentrations of 
GlcN had no additional effect on substrate utilization; however, UDP-Glc-
NAc and O-GlcNAc levels reached levels ~2-fold higher than 0 mM GlcN at 
1 GlcN and did not increase further. GlcN had no effect on AMPK or ACC 
phosphorylation. On the other hand GlcN at every concentrations increased 
membrane associated FAT/CD36 levels in a dose dependent manner.
Conclusion: GlcN significantly increased O-GlcNAc levels and altered fatty 
acid and carbohydrate oxidation in a similar manner to that seen with dia-
betes at least in part by increasing membrane associated FAT/CD36 levels. 
These data suggest that changes in O-GlcNAc levels may contribute to the 
shifts in cardiac substrate utilization seen in diabetes.
Supported by: NHLBI HL-076165 (RBM); HL-67464 (JCC); SCCOR grant HL-
077100
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Rats with experimental diabetic cardiomyopathy develop diastolic heart 
failure that is ameliorated by the direct renin inhibitor, aliskiren
K. Connelly1, D.J. Kelly2, Y. Zhang2, K. Thai1, A. Advani1, R.E. Gilbert1; 
1University of Toronto, Canada, 2University of Melbourne, Australia.

Background and aims: Heart failure is a common cause of morbidity and 
mortality in diabetic patients that frequently manifests in the absence of im-
paired left ventricular systolic function. In contrast to the strong evidence 
base for the treatment of systolic heart failure, the benefit of the treatment 
of heart failure with preserved left ventricular function (HFPEF) with ACE 
inhibitors and ARBs is unclear. In the setting of recent studies demonstrating 
the effects of direct renin inhibition in diabetic nephropathy, we sought to 
determine the effectiveness of this strategy in the syndrome of HFPEF due to 
diabetes. Furthermore, in light of the recently described pathogenetic effects 
of the (pro)renin receptor [(P)RR], we assessed its expression in the hearts of 
diabetic animals treated with and without aliskiren.
Materials and methods: Using a hemodynamically-validated rodent model 
of diabetic cardiomyopathy that develops HFPEF, the diabetic (mRen-2)27 
transgenic rat (Ren-2), we randomized animals to receive either vehicle or 
aliskiren (10mg/kg/day via osmotic mini-pump) for 6 weeks. Cardiac func-
tion was assessed by in-vivo cardiac catheterization with pressure-volume 
loop acquisition. Following this, animals were killed, and cardiac tissue was 
collected for histological assessment of fibrosis (picrosirius red staining) and 
myocyte hypertrophy (cross sectional area). (P)RR expression was assessed 
by real-time PCR, Western blot analysis and immunohistochemistry.
Results: Despite preserved systolic function, diabetic rats developed diastolic 
dysfunction in association with cardiac fibrosis, and cardiomyocyte hyper-
trophy. Aliskiren treated diabetic animals demonstrated improved chamber 
compliance (0.032 ± 0.006 v 0.057 ± 0.006 mmHg/μL) and early active re-
laxation (Tau, 8.75 ± 0.40 v 9.98 ± 0.29 msec) when compared to untreated 
diabetic counterparts (p<0.05). Aliskiren reduced collagenous matrix in 
diabetic animals (2.38 v 1.40 % proportional area picrosirius red staining, 
p<0.05), reduced LV mass by 52% (p<0.01 versus untreated diabetic rats) and 
normalized cardiomyocyte diameter (22.35 v 15.68 μm, p<0.01). (P)RR was 
predominantly localized to cardiac myocytes by immunohistochemistry. Ex-
pression of both (P)RR mRNA and protein were increased with diabetes and 
reduced to baseline by aliskiren (control, diabetes, diabetes+aliskiren: 1.13 ± 
0.04, 3 ± 0.2, 1.15 ± 0.07 AU, respectively; p<0.01 control versus diabetes and 
p<0.05 diabetes+aliskiren versus diabetes).
Conclusion: Direct renin inhibition with aliskiren prevented the develop-
ment of structural and functional changes of HFPEF in the diabetic Ren-2 
rat. The biological significance of modulation in (P)RR expression by diabetes 
and aliskiren is uncertain. However, in the setting of its purported patho-
genetic role in diabetic nephropathy, its upregulation in the diabetic heart 
suggests that it may also be involved in the development of diabetic cardio-
myopathy.
Supported by: Novartis
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Ablation of fatty acid transporter CD36 protects against western type 
diet-related cardiac dysfunction following pressure overload in mice: 
modeling diabetic cardiomyopathy
L.K.M. Steinbusch1, R. Vlasblom2, I. Vroegrijk3, P. Voshol3, J.F.C. Glatz1, 
D.M. Ouwens4, J.J.F. Luiken1, M. Diamant5; 
1Molecular Genetics, Maastricht University, 2Laboratory for Physiology, 
VU University Medical Centre, Amsterdam, 3Endocrinology and Metabolic 
Diseases, Leiden University Medical Centre, 4Molecular Cell Biology, Leiden 
University Medical Centre, 5Endocrinology, VU University Medical Centre, 
Amsterdam, Netherlands.

Background and aims: An unbalance in cardiac substrate supply, with in-
creased utilization of long-chain fatty acids (LCFA) over glucose, is regarded 
to contribute to the functional and structural changes in diabetic cardiomy-
opathy (DCM). In the hypertrophied heart an unbalance in substrate utiliza-
tion develops, with increased glucose utilization over LCFA. We investigated 
whether manipulation of cardiac substrate utilization by i) a western-type 
diet (WTD) to increase LCFA supply, ii) fatty acid translocase CD36 ablation 
to decrease LCFA supply, or iii) a combination of both, influences the devel-
opment of cardiac hypertrophy and failure during pressure overload.
Materials and methods: Twelve weeks old male wildtype (WT) and CD36-

/- mice (KO) were started on chow or WTD (42% fat, 29% sucrose; t=0). Ten 
weeks after initiation of the diet, groups were subdivided in sham-operated 
mice and mice that underwent aortic constriction (AC) to induce pressure 
overload (t=10). Diet exposure was continued throughout the study. Six 
weeks after surgery, mice (n=5-8 for each group) were sacrificed (t=16). Us-
ing echocardiography, cardiac systolic function (fractional shortening; FS%) 
was determined at t=0, 10 and 16. For statistical analysis two-way ANOVA 
with Bonferroni post-tests were performed.
Results: WT and KO mice on either diet displayed similar cardiac function 
parameters at t=0 and t=10, suggesting that 10 weeks of WTD, CD36 abla-
tion or a combination of both, does not influence cardiac function. At t=16, 
heart weight (HW) and FS% from sham operated mice where alike, suggest-
ing that CD36 ablation, WTD or a combination of both, do not affect cardiac 
function. However, differing responses where seen in mice that underwent 
AC (table 1). Whereas WTD resulted in significant cardiac hypertrophy and 
systolic dysfunction after AC in WT mice, it had protective effects with re-
spect to cardiac remodeling and functional changes in KO mice.

Conclusion: In contrast to the effects observed in WT mice, exposure of KO 
to a WTD protected against the adverse effects of pressure overload on car-
diac remodeling and function. These data provide the first evidence of an 
interaction between CD36 and nutrient supply to modulate cardiac function 
in compromised hearts in a model for DCM. These findings may provide 
therapeutic targets for ameliorating cardiac outcome in patients with DCM.
Supported by: DFN Grant 2006.00.044
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Predictors of glucose lowering therapy intensification among patients 
with diabetes hospitalized with acute myocardial infarction
J.M. Stolker1, J.A. Spertus1, D.K. McGuire2, S.E. Inzucchi3, S.S. Rathore4, 
T.M. Maddox5, F.A. Masoudi6, F. Tang1, P.G. Jones1, M. Kosiborod1; 
1Cardiology, Mid America Heart Institute, Kansas City, 2Cardiology, 
University of Texas Southwestern School of Medicine, Dallas, 
3Endocrinology, Yale University School of Medicine, New Haven, 
4Cardiology, Yale University School of Medicine, New Haven, 5Cardiology, 
Denver VAMC/University of Colorado at Denver, 6Cardiology, Denver 
Health Medical Center & University of Colorado at Denver, United States

Background and aims: Poor glucose control is common among patients (pts) 
with diabetes (DM) hospitalized for acute myocardial infarction (AMI). Thus, 
AMI hospitalization may present an opportunity to modify glucose manage-
ment, but rates and predictors of glucose therapy intensification (GTI) after 
AMI have not been described.

Materials and methods: TRIUMPH is a prospective registry of AMI pts from 
26 US centers. GTI was defined as an increased dose or addition of a new 
oral antihyperglycemic drug, initiation of insulin, or increased total daily in-
sulin dose by ≥20% from baseline. Changing one oral agent to another was 
not counted as GTI. Independent predictors of GTI were identified using hi-
erarchical Poisson regression (with hospital as a random effect). Candidate 
variables were those associated with GTI in univariate analysis (p<0.1 level), 
or those potentially related to DM severity and management. Since practice 
patterns vary across institutions, we evaluated the association of hospital site 
with GTI using the median rate ratio (MRR), which describes how likely two 
identical pts would receive GTI at one hospital as compared with another.
Results: Between 2005-07, TRIUMPH enrolled 2755 consecutive AMI pts 
of whom 724 (26%) had type 2 DM. Of pts with DM, 505 (70%) had HbA1c 
measured clinically: HbA1c level was <7% in 177 pts (35%), 7-9% in 196 pts 
(39%), and >9% in 132 pts (26%). Overall, 234 pts with DM were discharged 
with GTI (32%); these pts had fewer DM meds (mean 0.8 vs 1.1, p<0.001) and 
less frequent insulin therapy (15% vs 37%, p<0.001) on admission, higher ini-
tial (272 vs 205 mg/dL, p<0.001) and average fasting glucose (171 vs 148 mg/
dL, p<0.001), more HbA1c assessment during hospitalization (80% vs 64%, 
p<0.001), and higher HbA1c levels (9.1% vs 7.7%, p<0.001). Independent pre-
dictors of GTI are listed in the Figure. MRR was 1.61, suggesting significant 
variability in GTI prescription across institutions.
Conclusion: Nearly two-thirds of AMI pts with DM have suboptimal or poor 
long-term glycemic control, but only a minority have GTI prior to discharge. 
Key among the independent predictors of GTI are hospital-based factors 
(HbA1c assessment and hospital site), with >60% variation in GTI across hos-
pitals likely reflecting the lack of clinical consensus for managing DM after 
AMI. These findings highlight the need to determine the relationship between 
different strategies of post-AMI glucose management and patient outcomes. 

Supported by: sanofi-aventis USA
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Secretory products of epicardial fat induce insulin resistance and impair 
cardiomyocytes function
S. Greulich1, D. Herzfeld de Wiza1, H. Müller1, H. Sell1, Z. Ding2,  
S. Preilowski3, K. Jaquet3, J. Eckel1; 
1Institute of Clinical Biochemistry and Pathobiochemistry, German Diabetes 
Center, Duesseldorf, , 2Institute of Cardiovascular physiology, Heinrich 
Heine University, Duesseldorf, 3Molecular cardiology, Ruhr-University, 
Bochum, Germany

Background and aims: Epicardial fat (EF) is a visceral adipose tissue around 
the heart, which is not separated by a fascia. EF is a source of inflammatory 
cytokines which may interact with myocardium and coronary arteries. In-
creasing evidence suggests that the EF may play a role in the pathogenesis of 
cardiovascular diseases and special forms of cardiomyopathy.
The aim of this study is to analyse the secretion of EF compared to subcutane-
ous fat (SF) and its impact on the function of primary rat cardiomyocytes.
Materials and methods: 7 weeks old guinea pigs were fed with a high energy 
(HE) diet for 6 month. As a control we used a low energy (LE) diet. At the end 
of the feeding study, glucose tolerance tests (GTT) and an echocardiography 
(Echo) were performed. After sacrifice, we collected EF and SF and generated 
fat explants and conditioned media (CM). For analysis of cytokine secretion 
antibody arrays were used.
To analyse the effects of EF and SF on cardiomyocytes we incubated primary 
rat cardiomyocytes with CM or control media. Subsequently, we analysed 
insulin-stimulated signaling at the level of Akt Ser473-phosphorylation. Fur-
thermore, functional alteration in cell shortening and Ca2+-transient fluxes 
were measured using a Contractility and Fluorescence system.
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Results: Animals receiving a HE diet are characterized by reduced insulin 
sensitivity as demonstrated by GTT. Moreover, echo tests showed that these 
animals were characterised by a decreased left ventricular function of the 
heart at the level of the ejection fraction and the fractional shortening (p< 
0.05). Analysis of CM showed that the two diets induced a different secretion 
pattern of various cytokines. For example, the secretion of Activin A was 4-
fold higher in CM from HE compared to LE animals. Comparing different 
fat depots from one animal, differences in the secretion pattern could also be 
found. The secretion of Activin A was 10-fold higher in EF.
Treatment of cardiomyocytes with CM (EF) from HE animals results in a 
significantly decreased phosphorylation of Akt after stimulation with insulin 
compared to CM (EF) from LE animals (p< 0.05). Cardiomyocytes which 
were incubated with CM from SF also showed a decrease in the phosphoryla-
tion of Akt, but no significant difference between HE and LE explants could 
be found.
Contractility and Ca2+-transient experiments showed that steady-state 
shortening amplitude and intracellular Ca2+ peak after incubation with CM 
in cardiomyocytes are reduced. Furthermore, much less cardiomyocytes 
which were incubated with CM are able to contract after electrical stimulus 
compared to control media. Long term incubation of CM showed no further 
impairment when compared to short term incubation.
Conclusion: In summary, HE feeding induces starting insulin resistance and 
impaired left ventricular function. Isolated EF from HE animals was char-
acterized by a different secretion pattern as compared to LE but also to SF. 
CM generated from EF causes dysfunction of primary rat cardiomyocytes 
since these cells are characterized by impaired insulin signaling, reduced con-
tractility and Ca2+-influx. Our results suggest that the secretion of various 
cytokines by EF with its direct effect on the myocardium might be involved 
in obesity-related cardiomyopathy.

OP 05 Genes, autoimmunity and 
type 1 diabetes
25
Predictors of associated autoimmune diseases in families with type 1 
diabetes. Results from the type 1 diabetes genetics consortium (T1DGC)
J.C. Wiebe1, Á. Santana2, M. Hernández3, J. Nóvoa1,4, D. Mauricio3,  
A.M. Wägner1,4, T1DGC; 
1Endocrinology Dept., Complejo Hospitalario Universitario Insular-
Materno Infantil de Gran Canaria, Las Palmas de Gran Canaria, 2Dept of 
Mathematics and Statistics, Universidad de Las Palmas de Gran Canaria, 
3Endocrinology Dept., Hospital Universitary Arnau de Vilanova, Lleida, 
4Dept of Medical and Surgical Science, Universidad de Las Palmas de Gran 
Canaria, Spain.

Background and aims: The T1DGC is an international effort aimed at the 
study of the genetics and pathogenesis of type 1 diabetes (T1D). Families with 
at least 2 affected siblings have been included in order to find genes associated 
with risk/protection for T1D. The aim of our study was to find predictors of 
the presence of associated autoimmune diseases (AAID) in the T1DGC data-
set available on the 1st October 2008.
Materials and methods: Clinical information was obtained using question-
naires at each of the participating centres, anti-GAD and anti-IA2 (RIA) were 
measured in serum from the affected siblings (Bristol, UK; Southbank, AUS 
and Aurora, CO, US) and HLA-genotyping was performed (PCR-based, se-
quence-specific oligonucleotide probe system) centrally (Oakland, CA, US; 
Melbourne, Australia and Malmö, Sweden). Presence of AAID was defined 
by the information obtained from the questionnaires. Statistical analysis was 
performed using R. Differences between groups were analysed using Wilcox-
on-Mann-Whitney’s test and chi-squared. To assess the predictors of AAID, 
a multivariate logistic regression analysis was performed on the affected sib-
lings, including age of onset, time since diagnosis, antibody positivity and 
risk and protective HLA haplotypes as independent variables. We describe 
the results obtained from the families where DRB1-DQA-DQB1 haplotypes 
could be unequivocally estimated. High-risk and protective haplotypes were 
defined as the 4 most susceptible and protective, respectively, according to a 
previous report from the T1DGC.
Results: Information from 3310 families was available at the time of analysis 
and unambiguous HLA haplotypes were identifiable in 1864 families (8327 
participants). 12.9% of all the participants and 13.1% of the T1D affected 
siblings had at least 1 AAID. Among the latter, AAID were distributed as 
follows: 63.5% thyroid, 19.44% celiac, 7.13% psoriasis, 6.7% vitiligo, 5.8% 
rheumathoid arthritis, 3.67% inflammatory bowel and 2,37% other diseas-
es). Age of diabetes onset was similar, but current age (23.5 vs 18.4 (mean 
difference 4.0-6.3) years, p= 2.2e-16) and time since diagnosis (13.0 vs 8.8, 
(mean difference 3.2-5.2) years, p=2.2e-16) were higher in the siblings with 
AAID. Anti-GAD positivity was similar whereas anti-IA2 positivity was less 
frequent in subjects with AAID (39.9 vs 49.6%, p=0.0001). Risk and protec-
tive DRB1-DQA1-DQB1 haplotype distributions were similar in the group of 
siblings with T1D with and without AAID. In the logistic regression analysis, 
only age of onset (p = 6.3e-6) time since diagnosis (OR: 1.05 (CI 1.04-1.06) 
per year, p = 2e-16) and a-GAD positivity (OR:1.35 (CI 1.09-1.67) p=0.005) 
were significant predictors of AAID.
Conclusion: In the current study, the older the onset of T1D and the longer 
the duration of follow-up, the higher the risk of AAID. Furthermore, the pos-
itivity of a-GAD was also independently associated with AAID once adjusted 
for duration of T1D.
Supported by: NIDDK (DK-62418) and JDRF
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Prognostic relevance of autoantibody-based screening in the general 
population - results from the Karlsburg type 1 Diabetes Risk Study after 
14 years
A.-M. Hoss1, H. Kenk2, U. Walschus1, J. Heide1, R. Wassmuth3, M. Schlosser1; 
1Department of Medical Biochemistry and Molecular Biology, Ernst-Moritz-
Arndt University Greifswald, Karlsburg, 2Institute of Pathophysiology, 
Ernst-Moritz-Arndt University Greifswald, Karlsburg, 3TU Dresden, 
Dresden, Germany

Background and aims: The cumulative risk for progression to Type I Dia-
betes mellitus (T1DM) as well as the prognostic relevance of T1DM-related 
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autoantibodies (AAb) and genetic markers like the HLA-DQB1 has been ex-
amined in several studies in first-degree relatives of patients. The aim of the 
study was to assess the cumulative T1DM risk in the general population with-
out first-degree heredity using a combined screening for established AAbs 
against Glutamate decarboxylase (GADA), Protein tyrosine phosphatase (IA-
2A) and Insulin (IAA) as well as HLA-DQB1 genotyping.
Materials and methods: 14,742 schoolchildren (7,508 female, 7,234 male, 
age 6-17 years) were enrolled in the Karlsburg Type I Diabetes Risk Study and 
tested for GADA, IA-2A and IAA using radio-ligand binding assays. Deter-
mination of all 3 AAbs was possible in 13,165 subjects. Children who tested 
positive for at least one AAb in the screening (cut-off at the 98th percentile) 
were invited for follow-up testing (cut-off at the 99th percentile). Children 
which were positive in the 1st follow-up were repeatedly tested in the fur-
ther study course. HLA-DQB1 genotyping was performed at 1st follow-up 
by PCR and DNA hybridization with specific probes. All HLA-DQB1 alle-
les other than the T1DM-associated alleles *0302 and *02 and the dominant 
protective allele *0602 were considered as neutral. Two-sided Χ2 statistics and 
Kaplan-Meier survival analysis were used for statistical analysis (SPSS 15.0).
Results: 4.03% (530/13,165) subjects were tested positive for at least one AAb 
in the initial screening, with 3.6% (474/13,165) of them having singular AAbs 
and 0.43% (56/13,165) having multiple AAbs. At the first follow-up, 1.18% 
(156/13,165) schoolchildren were tested positive for at least one AAb. 0.92% 
(n=121) had singular and 0.27% (n=35) multiple AAbs. 65/114 HLA-DQB1-
typed children with singular AAbs had at least one diabetes-associated HLA-
DQB1 allele, compared to 33/35 with multiple AAbs (p<0.001). Up to now, 
24 subjects (0.18%) progressed to T1DM. Two of these children were initially 
tested positive for one AAb but had diabetes-associated HLA-DQB1 alleles. 
20/24 of these probands had multiple AAbs, of those 19/20 had diabetes-as-
sociated HLA-DQB1 alleles and 1/20 has neutral alleles. 2/24 children who 
became diabetic were initially AAb-negative but were found to have mul-
tiple AAb at manifestation. The cumulative 10-year-risk for progression to 
T1DM was 1.2% for subjects with singular AAbs compared to 65.1% for sub-
jects with multiple AAbs (p<0.001). No child with the dominant-protective 
HLA-DQB1 allele *0602 became diabetic. The cumulative 10-year-risk for 
developing T1DM is significantly higher for subjects with diabetes-associ-
ated HLA-DQB1-alleles (30.3%) compared to children with neutral alleles 
(3.7%, p=0.012).
Conclusion: The results of this study demonstrate that the T1DM risk for 
subjects from the general population is significantly associated with multiple 
AAb positivity and with the detection of diabetes-associated HLA-DQB1 al-
leles. It can be concluded that the prognostic value of a combined testing for 
diabetes-associated AAbs and immunogenetic markers in the general popu-
lation is comparable to results shown for first-degree relatives.
Supported by: BMFT 07NBL02/D4; State Mecklenburg-Vorpommern 
EMAU16/1995
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Genome-wide mapping of variants associated with type 1 diabetes 
nephropathy
N. Sandholm1,2, V.-P. Mäkinen1,2, C. Forsblom1,3, J. Söderlund1,3, L. Thorn1,3, 
J. Wadén1,3, P.-H. Groop1,3, FinnDiane Study Group; 
1Folkhälsan Institute of Genetics, Helsinki, 2Department of Biomedical  
Engineering and Computational Science, Helsinki University of Technology, 
Espoo, 3Department of Medicine, Division of Nephrology, Helsinki 
University Central Hospital, Finland.

Background and aims: Both environment and genetic factors are likely to 
play a role in the development of diabetic nephropathy (DN). The genetic 
factors related to DN have not been fully identified in earlier studies. High-
throughput genomewide association methods may provide a useful tool in 
the determination of genetics of DN.
Materials and methods: This study uses genome-wide association (GWA) 
analysis in a case-control study setting. The Finnish Diabetic Nephropathy 
Study (FinnDiane) is a nationwide, comprehensive large-scale multi-center 
study of patients with type 1 diabetes (T1D). We initiated a GWA scan of 4000 
T1D patients in May 2008. Our aim is to genotype altogether 1500 T1D cases 
with DN (micro- or macro-albuminnuria or ESRD) and 2500 normoalbu-
minuric controls with T1D duration of at least 16 years. So far approximately 
1900 patients have been genotyped (1037 cases and 859 controls).
The GWA scan is performed on an Illumina platform (Illumina 610Quad 
chip) including approximately 599.000 probes targeting multiallelic SNPs, 
situated both within and outside of genes. To ensure high data quality, we ex-
cluded SNPs with low genotyping rate, low minor allele frequency or signifi-

cant deviation from Hardy-Weinberg equilibrium within controls. Unique 
individuals with high genotyping rate, correct sex and no close relatives were 
accepted. This resulted in 950 cases and 809 controls at 551953 SNPs passing 
the quality control in this preliminary analysis. Plink software was used for 
data handling and analysis. Association was calculated for each SNP with al-
lelic Fisher’s test, which assumes the association to be additive.
Results: 8 SNPs with p-values smaller than 10-5 were found in 5 differ-
ent chromosomal locations (1q, 4q, 6q, 12q, 18q with p-values 2.3x10^-7 - 
9.3x10^-6). Further putative SNPs include 53 SNPs with p-value smaller than 
10^-4 and 613 SNPs with p-value smaller than 10^-3.
Conclusion: These preliminary data suggest that there might be new ge-
nomic regions related to DN, although the p-values did not survive rigorous 
correction for multiple testing. Nevertheless, the power of GWA is known to 
increase rapidly with the sample size. Thus we hope that the ongoing geno-
typing of more patients will give more convincing results that survive also 
replicative analysis.
Supported by: Folkhälsan Research Foundation, Liv och Hälsa Foundation, 
Wilhelm and Else Stockmann Foundation, Finnish Cultural Foundation
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A genome-wide SNPxSNP search for epistasis identifies gene-gene 
interaction in type 1 diabetes
C.A. Brorsson1, L.L. Field2, E. Swiergala2, J. Høiriis Nielsen3, T. Werge4,  
R. Bergholdt1, F. Pociot1; 
1Hagedorn Research Institute, Gentofte, 2University of British Columbia, 
Vancouver, Canada, 3University of Copenhagen, 4Sankt Hans Hospital, 
Roskilde, Denmark.

Background and aims: Common complex diseases, such as type 1 diabetes, 
are influenced by multiple genetic and environmental risk factors. Many new 
risk loci have been identified in the last two years, all with relatively small 
risk ratios. There is no doubt that additional risk loci with independent ef-
fects remain to be identified in order to explain the full genetic component 
in the susceptibility to type 1 diabetes. However there is also a possibility that 
gene-gene interactions may contribute to disease risk. Epistatic effects have 
been identified between classic loci, such as the HLA genes and INS as well as 
recently PTPN22. However, so far no genome-wide search for epistatic effects 
has been conducted. Using genome-wide association data we conducted a 
SNPxSNP search for epistasis in order to address the question of gene-gene 
interactions that affect the risk of type 1 diabetes.
Materials and methods: In phase 1 of the study 600 Danish cases and con-
trols were analysed for 50,000 SNPs genotyped on Affymetrix 50K arrays. 
Logistic regression was used to analyse all pair-wise combinations of SNPs 
for deviation from a log-additive risk model. SNP pairs with lowest p-values 
were prioritised for replication in phase 2 and genotyped using TaqMan as-
says in a larger case-control material consisting of 1500 Danish cases and 
1850 blood donor controls. All pair-wise combinations were again analysed 
for epistasis using logistic regression. Expression profiles of selected tran-
scripts were analysed using low density arrays (Applied Biosystems) in a 
preparation of human islets from 9 donors before and after cytokine stimula-
tion, and in lymphocytes from 9 male type 1 diabetic patients and 8 healthy 
male controls. Relative expression was analysed using the ΔΔCt method and 
significance of expression level differences was evaluated using paired t-tests 
in islets and f- and t-tests in lymphocytes.
Results: In phase 1 we identified three SNP pairs that were prioritised for 
replication (p<3e-08). One of the interactions was replicated in phase 2 using 
the same log-additive model (p=0.02, OR=1.23). The two interacting SNPs 
are located in an intron of IRF2 on chromosome 4 and downstream XCL1 
on chromosome 1. None of the SNPs identified through epistasis were sig-
nificant in a single marker analysis. IRF2 was found to be significantly up-
regulated after cytokine stimulation in human islets (p=0.002). Furthermore 
a trend towards a lower expression of XCL1 was found in lymphocytes from 
diabetic individuals compared to healthy controls (p=0.07).
Conclusion: We have identified and replicated an epistatic effect of two SNPs 
that were associated with the risk of type 1 diabetes. Furthermore functional 
effects of the corresponding gene IRF2 was demonstrated in a model system 
of human type 1 diabetes. IRF2 and XCL1 have previously been implicated 
in human immune-mediated diseases. Their exact genetic and functional in-
volvement in the pathogenesis of type 1 diabetes remains to be elucidated and 
replicated in independent studies.
Supported by: an EFSD/JDRF/Novo Nordisk grant, Danish Medical Research 
Council, JDRF
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Strong association between SLC30A8 gene variant and ZnT8 
autoantibody specificity during disease progression in two independent 
cohorts of children with newly diagnosed type 1 diabetes
L.B. Nielsen1, F.V. Sani2, M.-L.M. Andersen1, S. Pörksen1, J. Svensson1,  
R. Bergholdt3, F. Pociot3, J.V. Jørgensen4, J. Thomsen5, T. Hertel6,  
P. Hougaard7, Å. Lernmark2, H.B. Mortensen1, L. Hansen1; 
1Pediatrics, Glostrup University Hospital, Glostrup, Denmark, 2UMAS, 
Malmø, Sweden, 3Steno Diabetes Center, Gentofte, Denmark, 4Skejby 
Hospital, Århus, Denmark, 5Kolding Hospital, Kolding, Denmark, 6Odense 
Hospital, Odense, Denmark, 7University of Southern Denmark, Odense, 
Denmark.

Background and aims: The zinc transporter, ZnT8, is newly established as 
a major autoantigen in type 1 diabetes and the common non-synonymous 
variant, rs13266634, of the SLC30A8 gene was recently found to determine 
the ZnT8 autoantibody (ab) specificity in a Caucasian and Japanese type 1 
diabetes population. The aim of this study was to explore the association 
between the rs13266634 variant and the ZnT8 autoantibody specificity (ar-
ginine versus tryptophan consisting epitope) during the first year after dis-
ease diagnosis in two independent cohorts of children with newly diagnosed 
type 1 diabetes. Furthermore, we investigated the association of ZnT8 au-
toantibodies with age of onset and with disease progression (loss of residual 
beta-cell function).
Materials and methods: The Hvidøre cohort consists of 275 children aged<16 
years from 22 paediatric centres in 18 countries; the Danish cohort consists of 
130 children aged<16 years from 4 paediatric centres. All patients were newly 
diagnosed with type 1 diabetes. A 90-minutes Boost-test was carried out in 
each patient at 1, 6, 12 months to characterize the residual beta-cell function. 
Genotyping was done at Steno Diabetes Center. ZnT8_arg and trp ab deter-
mination was done by RIA assay at UMAS, Malmø.
Results: The CC genotype of the rs13266634 variant was highly associated 
with ZnT8-arg ab 1, 6 and 12 months after onset in both cohorts (with TT 
as ref group: log est.:1.5, 1.5, 1.3 corresponding p-values: <0.0001, Hvidøre 
cohort; log est.:1.9, 1.8, 2.2 corresponding p-values: 0.003, 0.004, 0.0002, 
Danish cohort). By contrast the TT genotype was associated with ZnT8-trp 
ab 1, 6 and 12 months after onset in both cohorts (with CC as ref group: log 
est.:1.6, 1.5, 1.5 corresponding p-values: <0.0001, Hvidøre cohort; log est.:2.2, 
2.2, 1.4 corresponding p-values: <0.0001 for 1 and 6 months and p=0.006 for 
12 month, Danish cohort). We found an allele dosage effect on the ZnT8 ab 
titers; CC carriers presented app. twice the level of ZnT8-arg ab compared 
to CT carriers (1 mth est.:1.6 vs 0.9, respectively) and TT carriers presented 
also higher level of ZnT8-trp ab compared to CT carriers (1 mth est.:1.6 vs 
0.6, respectively). The youngest age group (0-4 yrs) had significantly lower 
ZnT8-arg ab level compared with the older age group at 1 month and at 12 
months (12 mth: est.:-0.7 p=0.02). Loss of beta-cell function did not associate 
significantly with ZnT8 ab levels.
Conclusion: The strong genetic determination of the ZnT8 ab specificity is 
sustained the first 12 months of disease progression in two independent co-
horts of children with new onset type 1 diabetes. Furthermore, there was a 
clear allele dosage effect on the ZnT8 ab titer which was maintained during 
the progression of the disease. The youngest patients continued to exhibit the 
lowest level of ZnT8-arg ab during first year after disease diagnosis but ZnT8 
ab did not associate with loss of beta-cell function. These data strongly sug-
gest a humoral involvement of ZnT8 ab in the progression of type 1 diabetes 
with no direct effect on the residual beta-cell function.

30
Gene expression differences in pancreas and brain between diabetes-
prone BB/OK rats and their diabetes protected congenic BB.6S 
derivatives 
I. Klöting1,2, B. Wilke1; 
1Laboratory Animal Science, University of Greifswald, Karlsburg, 2Internal 
Medicine III, University of Leipzig, Germany.

Background and aims: Congenic BB.6S rats are characterized by a drastically 
reduction of diabetes frequency by 94% compared with their parental BB/OK 
rat strain. To increase the chance of identification of the appropriate protec-
tive gene(s), the expression of 31,000 genes in pancreas and brain of BB/OK 
and BB.6S rats was studied using GeneChip microarray analysis.
Materials and methods: For the hybridization of Affymetrix GeneChips we 
use pooled samples of 20 individual rats (BB/OK 10M:10F; BB.6S 10M:10F) 

with an age of 8 days following the protocol described in the Affymetrix 
GeneChip Expression Analysis Technical Manual at the Interdisziplinäres 
Zentrum für klinische Forschung Leipzig (IZKF), Medizinische Fakultät der 
Universität Leipzig. In addition one gene was sequenced.
Results: By pair-wise comparisons between BB/OK and BB.6S rats, a set of 
35 genes was identified in brain and pancreas representing genes whose level 
of expression importantly differed between BB/OK and BB.6S rats. The genes 
were located on 14 chromosomes (2, 3, 6, 7, 8, 9, 11, 12, 13, 15, 16, 18,19). 
Only one gene mapped on chromosome 6q32 within the region which was 
exchanged in the congenic strain BB.6S by that of SHR rats. According to 
the function of genes, 8 out of 36 were involved in ion binding, 8 in pro-
tein binding, 6 were enzymes, 5 hypothetical proteins 3 were involved in cell 
communication, 2 in protein transport and particularly 1 gene plays a role in 
cancer, one in ion transporter and one was unknown protein. The gene on 
chromosome 6q32 was a hypothetical protein which was sequenced. A SNP 
was found between BB and SHR as well as their congenic BB.6S.
Conclusion: The data clearly show that the chromosomal exchange in BB.6S 
rats led to gene expression differences between BB/OK and BB.6S rats which 
were mainly located on other chromosomes than 6. Only one gene on chro-
mosome 6 characterized as hypothetical protein was differently expressed 
between BB/OK and BB.6S. The sequence of this gene was different between 
BB/OK and BB.6S so that it could be a candidate for diabetes protection.
Supported by: Grant No. KL 771/11-2 of the DFG



S 20 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

OP 6 Inflammation, insulin action 
and type 2 diabetes
31
Mice lacking lipocalin-2 are protected from developing insulin resistance 
associated with aging and obesity
I.K.M. Law1, A. Xu1,2, K.S.L. Lam2, T. Berger3, T.W. Mak3, J.T.C. Liu1,  
G. Sweeney4, M. Zhou1, Y. Wang1; 
1Department of Pharmacology and Pharmacy, University of Hong Kong, 
2Department of Medicine and Research Center of Heart, Brain, Hormone, 
and Healthy Aging, University of Hong Kong, 3The Campbell Family 
Institute for Breast Cancer Research and the Ontario Cancer Institute, 
University Health Network, Toronto, Canada, 4Department of Biology,  
York University, Toronto, Canada.

Background and aims: Obesity is characterized as a low-grade inflammation 
of the adipose tissue and increased circulating concentrations of pro-inflam-
matory cytokines. The “inflamed” adipose tissue can secrete a large amount 
of pro-inflammatory adipokines / cytokines that act as mediators for obesity-
related metabolic syndrome. Previous studies have shown that the expression 
and production of lipocalin-2, a pro-inflammatory adipokine, are elevated in 
obese animal and human subjects. In this study, we aim to evaluate whether 
lipocalin-2 deficiency can protect the mice from developing systemic insulin 
resistance.
Methods and results: C57 wildtype and lipocalin-2 deficient mice (Lcn2-KO) 
were given free access to high fat diet from the age of 4 weeks for the induction 
of dietary obesity. In addition, genetic obesity was induced by cross-breeding 
male C57BL/6J db/+ mice with female Lcn2-KO mice to generate the leptin 
receptor (Lepr)-/-/lipocalin-2-/- double knockout mice (DKO). Deficiency of 
lipocalin-2 in mice prevents age-associated decline in insulin sensitivity and 
the development of insulin resistance induced by high fat diet and genetically 
obesity. In diet-induced obesity, lower fasting blood glucose was consistently 
observed in Lcn2-KO mice (5.6±1.18 mmol/L vs that in C57 wildtype mice, 
8.4±1.51 mmol/L, p<0.05). HOMA-IR index was increased by 77.93% in C57 
wildtype after 18-weeks high fat diet feeding. On the other hand, in mice 
under normal diet, at the age of 21-week, the fasting glucose levels of Lcn2-
KO mice were significantly lower than those of C57 mice (3.62±0.35 mmol/L 
in Lcn2-KO mice vs 5.05±0.3 mmol/L in C57 wildtype). Both fasting serum 
insulin levels and HOMO-IR indexes were largely reduced in 24-week old 
Lcn2-KO mice, by 44.6% and 79.35% respectively comparing to those of the 
control mice. Similar phenomena were observed in DKO mice, which did not 
develop hyperinsulinemia as in the leptin receptor (Lepr)-/- (db/db) counter-
parts (516.778.421±73.225 µU/ml in wildtype db/db mice, 97.67±35.63 µU/
ml in DKO mice, p<0.05). Lipocalin-2 deficiency attenuated peripheral insu-
lin resistance and macrophage infiltration in adipose tissue. Further analysis 
revealed that obesity- and lipopolysaccharide-induced expressions of TNFα, 
a pro-inflammatory cytokine, were completed blocked by lipocalin-2 defi-
ciency in epidydimal adipose tissue as revealed by quantitative PCR analysis 
On the other hand, increased expression of IκB found in Lcn2-KO mice while 
incubation of lipocalin-2 in differentiated 3T3-L1 adipocytes lowered IκB ex-
pression and increased NFκB activity.
Conclusion: Lipocalin-2 plays critical roles in causing obesity-induced insu-
lin resistance through regulating TNFα expressions, which might account for 
its systematic metabolic and pro-inflammatory activities.
Supported by: Research Grants Council of Hong Kong

32
Chronic apelin treatment effects on lipid metabolism in wild type and 
insulin-resistant mice 
C. Attane1, R. Guzman-Ruiz2, S. Le Gonidec3, V. Bézaire1, D. Daviaud1,  
C. Dray1, M. Ruiz-Gayo4, P. Valet1, I. Castan-Laurell1,5; 
1INSERM I2MR U858, Toulouse, France, 2Departamento de Farmacologia, 
Madrid, Spain, 3Université Paul Sabatier, IFR31, Toulouse, France, 
4Departamento de farmacologia, Madrid, Spain, 5Université Paul Sabatier, 
Toulouse, France.

Background and aims: We have recently shown that apelin stimulates glu-
cose utilization in skeletal muscle through an AMP-activated protein kinase 
(AMPK) dependent pathway. Since AMPK is also involved in lipid metabo-
lism, we studied apelin chronic treatment effects on lipid plasma parameters, 

fatty acid oxidation and storage in the muscle of normal and insulin resistant 
mice.
Materials and methods: Chow fed or high fat fed C57bl6/J mice were ip in-
jected with apelin (0,1µmol/kg/day) during 28 days. Total [1-14C] palmitate 
oxidation was determined in soleus muscle as the sum of 14CO2 release (cor-
responding to complete fatty acids oxidation) and acid-soluble metabolites 
(corresponding to the incomplete oxidation). Respiratory quotient (carbon 
dioxide production to oxygen consumption ratio) was measured by in vivo 
indirect calorimetry. Intramuscular triglycerides (IMTG) content was meas-
ured after extraction of muscle lipids. Plasma level of triglycerides (TG) and 
free fatty acids (FFA) were measured at the end of the treatment using com-
mercial kits.
Results: In chow-fed mice, apelin treatment didn’t change adipose tissue 
weight and body weight. TG plasma levels were significantly decreased in 
apelin treated mice and no change in plasma FFA concentration was ob-
served. Palmitate oxidation was increased in soleus muscle (control 224 ± 
42 vs apelin 456 ± 33 nmol/g of proteins, p<0.001) and IMTG content was 
decreased by 52% (p<0.01) in apelin-treated mice. In insulin resistant mice, 
apelin treatment didn’t change neither adipose tissue and body weight or TG 
and FFA plasma levels. Moreover, total palmitate oxidation was increased 
(control 379 ± 40 vs apelin 642 ± 132 nmol/g of proteins, p<0.05). Of note, 
apelin increased complete fatty acid oxidation while no variation of incom-
plete fatty acids oxidation was observed. Apelin treatment decreased respira-
tory quotient which confirms in vivo a better fatty acid utilization in apelin 
treated mice.
Conclusion: Intramuscular triglycerides and incomplete fatty acid oxidation 
intermediates are known to be involved in insulin resistance development. 
Thus, by decreasing deleterious lipid accumulation and by stimulating fatty 
acid oxidation in muscle, apelin chronic treatment could improve insulin 
sensitivity.

33
Circulating visfatin levels reduced in patients with non-alcoholic fatty 
liver disease irrespective of type 2 diabetes mellitus status
K.C. McGee1, A.L. Harte1, M.J. Hill1, A.D. Burt2, S. Kumar1, C.P. Day2,  
P.G. McTernan1; 
1Unit for Diabetes and Metabolism, University of Warwick Medical School, 
Coventry, 2Hepatology Department, School of Clinical Medicine, Newcastle 
upon Tyne, United Kingdom.

Background and aims: Visfatin/PBEF/Nampt, primarily produced by the liv-
er, represents a novel adipokine with diabetogenic and immunomodulatory 
properties implicated in insulin resistance (IR) pathophysiology in patients 
with obesity and type 2 diabetes mellitus (T2DM). The influence of visfatin 
may be further exacerbated in non-alcoholic fatty liver disease (NAFLD), 
where several adipocytokines have been implicated in its pathogenesis. This 
study aimed to examine the influence of visfatin in NAFLD patients with/
out T2DM; as such, we investigated (1) whether normal liver function im-
pairment influenced visfatin production/expression, and (2) the relationship 
between serum visfatin levels and other adipocytokines, markers of IR and 
inflammation, in NAFLD patients with/out T2DM.
Materials and methods: Fasting human serum samples were collected 
from 104 patients (Age: 49.6±12.46years; BMI: 34.2±5.61kg/m2; 69 males, 
35 females) with biopsy confirmed NAFLD (71: Non-Diabetic (ND), 33: 
T2DM) and an additional 23 ND control patients without NAFLD (Age: 
44.6±9.85years; BMI: 26.4±4.52kg/m2; 8 males, 15 females). Serum visfatin, 
TNF-α, sCD14, leptin, adiponectin, resistin and insulin levels were assessed. 
Fasting glucose levels were analysed via a glucose oxidase method and IR 
calculated via HOMA. Inter-group comparisons were assessed via student’s t-
test. Correlations were calculated via a Pearsons Correlation Coefficient test. 
The significance threshold was p<0.05.
Results: Comparison between patients with NAFLD and ND controls with-
out NAFLD revealed a significant increase in BMI (p<0.001), HOMA-IR 
(p<0.05) and circulating resistin (p<0.01) and insulin (p<0.05) concentra-
tions, whilst circulating visfatin and TNF-α (p<0.001) levels were reduced 
with NAFLD. Visfatin concentrations remained similar following sub-divi-
sion into level of NAFLD severity (FL, p<0.001; NASH, p<0.001; cirrhosis, 
p<0.05), although an increase was observed in serum visfatin levels from FL 
to NASH (p<0.05). Serum visfatin concentrations negatively correlated with 
BMI and insulin, dependent upon T2DM status. T2DM patients with NAFLD 
had more advanced levels of fibrosis (42%) than ND NAFLD subjects (11%). 
Further comparison between NAFLD patients with/out T2DM identified that 
serum visfatin was elevated in NAFLD T2DM patients however, these levels 
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were significantly lower than noted in the ND controls (ND, p<0.001; T2DM, 
p<0.01, respectively). Furthermore, a significant increase was exhibited in se-
rum insulin (p<0.05), leptin (p<0.05), glucose (p<0.001), HOMA-IR (p<0.01) 
and sCD14 (p<0.01) levels in T2DM NAFLD vs. ND NAFLD patients.
Conclusion: The present study determined circulating visfatin concentration 
to be reduced in NAFLD, irrespective of T2DM status independent of sever-
ity of liver disease or fibrotic damage. In addition, this study illustrated a clear 
positive association between human NAFLD, increased IR, hyperresistine-
mia, hyperinsulinemia and adiposity. Taken together, these findings suggest 
that decreased circulating visfatin may be a potential biomarker of impaired 
liver function in NAFLD, whilst resistin shows a positive correlation with 
NAFLD pathogenesis.
Supported by: the DoH

34
Chemerin as an adipokine related to insulin resistance: chemerin 
decrease after bariatric surgery in morbidly obese patients
H. Sell1, A. Divoux2, K. Clément2, J. Eckel1; 
1Institute of Clinical Biochemistry and Pathobiochemistry, German 
Diabetes-Center, Duesseldorf, Germany, 2INSERM Nutriomique U872, 
University Pierre et Marie Curie-Paris 6, France.

Background and aims: Adipose tissue is a secretory and endocrine active 
organ producing a variety of bioactive proteins including the newly described 
adipokine and chemokine chemerin. We could recently demonstrate that 
chemerin induces insulin resistance in skeletal muscle cells in vitro. Con-
versely, a recent report suggests that there is a correlation of chemerin levels 
with BMI but not with insulin resistance in normal weight patients. The role 
of chemerin in obesity and type 2 diabetes remains unclear and has not been 
investigated after bariatric surgery.
Materials and methods: Chemerin plasma levels were measured in 60 mor-
bidly obese female patients (BMI 50.0±1.0, age 43.1±1.5) before surgery as 
well as 3, 6 and 12 months after surgery. In a subgroup of 27 patients, chemer-
in levels were monitored for 2 years. At all time points blood levels of insulin, 
glucose, HbA1c, cholesterol, HDL, triglycerides, CRP, leptin, adiponectin 
and IL-6 were assessed in addition to weight and BMI.
Results: Chemerin concentrations are substantially elevated in obese patients 
compared to concentrations for normal weight persons (353.8±18.0 ng/ml 
compared to approximately 250 ng/ml described in the literature). Preopera-
tively, chemerin levels are correlated positively with body weight, BMI, CRP, 
IL-6 and insulin sensitivity (HOMA). Furthermore, chemerin is correlated 
negatively with HDL levels. After bariatric surgery, chemerin decreased sig-
nificantly (275.6±17.9 ng/ml after 3 months, 255.9±12.0 ng/ml after 6 months 
and 253.0±14.9 ng/ml after 12 months) in parallel to leptin levels, but differ-
ent from IL-6 that only displayed a marked reduction 12 months after surgery 
and adiponectin that was significantly increased after 6 and 12 months. In 
the subgroup of patients studied for 2 years, chemerin levels significantly de-
creased between 1 year and 2 years after surgery (preoperative 381.7±28.0 ng/
ml, after 1year 290.7±26.9 ng/ml, after 2 years 215.1±14.7 ng/ml). 3 months 
after surgery chemerin levels only positively correlate with triglycerides, a 
correlation that was remaining apparent after 6 and 12 months. The promi-
nent decrease of chemerin in the first 3 months after surgery was significantly 
associated with the increase in insulin sensitivity (HOMA) for this period.
Analyzing diabetic patients (n=20) separately, a correlation of chemerin lev-
els could be found with HOMA and HDL before surgery and with triglycer-
ides 3 and 6 months after surgery. Differently in non-diabetic patients (n=37), 
chemerin correlates with BMI and IL-6 before surgery but not with HOMA 
or HDL.
Conclusion: This is the first study to demonstrate decreased chemerin plas-
ma levels after bariatric surgery. The observed decrease in chemerin after 
bariatric surgery indicates together with our previous in vitro findings that 
chemerin might be a factor contributing to insulin resistance in obesity and 
the improvement of insulin sensitivity and other obesity-related morbidities 
after surgical intervention.

35
Adipokines induce degradation of IRS-1 in megakaryocytes resulting in 
insulin-resistant platelets
A.J. Gerrits1, E. Gitz1, C.A. Koekman1, F.L. Visseren2, H.W. de Valk3,  
J.-W.N. Akkerman1; 
1Department of Clinical Chemistry and Haematology, University Medical 
Center Utrecht, 2Department of Vascular Medicine, University Medical 
Center Utrecht, 3Department of Internal Medicine, University Medical 
Center Utrecht, Netherlands.

Background and aims: Type 2 diabetes mellitus (T2DM) patients have a 2-8 
fold higher risk for cardiovascular disease (CVD) and suffer from thrombotic 
complications. We demonstrated previously in normal platelets that insulin 
signals through IRS-1 and inhibits Ca2+ mobilization by interfering with Gi 
α-mediated suppression of cAMP, a platelet inhibitor. T2DM platelets are in-
sulin-resistant and hyperactive which enhances the risk for thrombotic oc-
clusion. In the present project we searched for the cause of insulin resistance 
in T2DM platelets. Since most of the properties of platelets are determined by 
the megakaryocyte and obese subjects are prone to develop insulin resistance, 
we investigated whether adipokines change the control of Ca2+ mobilization 
by insulin in the megakaryocyte.
Materials and methods: In megakaryocytic CHRF-288-11 cells incubated 
with adipokines and plasma from obese individuals and in T2DM platelets 
we measured (i) inhibition by insulin of thrombin-induced Ca2+ mobiliza-
tion, (ii) phosphorylation of IRS-1 [Ser307] and protein kinase Bα [Ser473] 
as indicators of insulin signaling, (iii) expression of Suppressor Of Cytokine 
Signaling (SOCS) proteins which is under control of adipokines and, (iv) in-
sulin signaling proteins.
Results: Leptin, resistin, PAI-1 and RBP-4 but not IL-6, TNFα and visfatin 
made cells resistant to Ca2+ suppression by insulin. Short contact with adipok-
ines (2 h) aborted insulin signaling through IRS-1 illustrated by suppression 
of insulin-induced phosphorylation of IRS-1 and protein kinase Bα. The Ser/
Thr phosphatase inhibitor cantharidin restored responses to those seen prior 
to adipokine addition demonstrating reversible insulin-resistance. Prolonged 
contact with adipokines (72 h) made cells unresponsive to phosphatase in-
hibition and revealed up-regulation of SOCS3 and IRS-1 degradation, dem-
onstrating irreversible insulin resistance. Inhibition of adipokine signaling 
with the JAK2 inhibitor AG490 prevented cells from developing irreversible 
insulin-resistance. Poly-ubiquitination of IRS-1 by the proteosome inhibi-
tor MG-132 was increased in leptin-treated cells (2 h). Indeed, incubation 
with leptin and resistin, but not IL-6 (24 h) resulted in decreased IRS-1 lev-
els, whereas expression of insulin receptor, Giα2 and IRS-2 was unchanged. 
T2DM platelets but not platelets from healthy controls showed reduced levels 
of IRS-1. Plasma from metabolic syndrome subjects but not from matched 
controls mimicked the induction of insulin-resistance by adipokines in meg-
akaryocytes. Insulin sensitivity was -13 ± 23% (2 hr) and -11.7 ± 20% (72 hr) 
compared with 61 ± 20% (2 hr) and 56 ± 16% (72 hr) in cells treated with 
obese and control plasma respectively (mean ± SEM, n=9). Leptin levels were 
increased in plasmas from the metabolic syndrome group compared to con-
trols, whereas resistin levels were not different between groups.
Conclusion: This is a first report of insulin resistance induced by adipokines 
in the precursor of platelets, the megakaryocyte. The findings suggest that the 
increased CVD risk in T2DM patients is caused by synthesis of hyperactive 
platelets due to abnormal adipokine release.
Supported by: Dutch Diabetes Research Foundation

36
Acceleration of the interleukin-1 receptor antagonist (IL-1Ra) trajectory 
precedes the diagnosis of type 2 diabetes by 6 years: the Whitehall II 
prospective cohort study
M. Carstensen1, C. Herder1, M. Kivimaki2, M. Jokela2, M. Roden1,  
M. Shipley2, D.R. Witte2,3, E.J. Brunner2, A.R. Tabak2,4; 
1Institute for Clinical Diabetology, German Diabetes Center, Düsseldorf, 
Germany, 2Department of Epidemiology and Public Health, University 
College London, United Kingdom, 3Steno Diabetes Center, Gentofte, 
Denmark, 4Semmelweis University, Budapest, Hungary.

Background and aims: The proinflammatory cytokine interleukin-1ß (IL-
1ß) inhibits beta-cell function and promotes beta-cell apoptosis, whereas IL-
1 receptor antagonist (IL-1Ra), a naturally occurring inhibitor of IL-1ß, has 
been shown in a clinical trial to improve beta-cell function and glycaemic 
control in patients with type 2 diabetes (T2D). We recently reported high 
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levels of IL-1Ra to be associated with an increased risk of incident T2D, but 
this analysis was limited to a single serum sample from each individual. The 
present study exploits data from repeated measurements of IL-1Ra (i) to ex-
amine how serum IL-1Ra concentrations change during years preceding the 
manifestation of diabetes and (ii) to compare these trajectories with those 
from individuals who did not develop T2D.
Materials and methods: This is a case-cohort study within the Whitehall 
II cohort with a total of 2809 participants without T2D at baseline, 27.2% 
women, mean age at baseline 49.3 (SD 5.9) years and average BMI 25.3 (SD 
3.5) kg/m². The study included 335 cases with incident T2D during the fol-
low-up period and 2474 non-cases who remained T2D-free. Serum levels of 
IL-1Ra were measured at up to three time points for each participant (phase 
3, the baseline: 1991-94; phase 5: 1997-99; and phase 7: 2003-04). Year 0 of 
the observation period was the year of diabetes diagnosis for cases and a ran-
domly selected time point during follow-up for non-cases to approximate the 
follow-up time distribution of cases. IL-1Ra levels were traced backwards to 
participants’ first participation in clinical screening. Multilevel models ad-
justed for age, sex and ethnicity were fitted to the data to assess changes in 
IL-1Ra during the preceding 13 years based on 755 serum samples in cases 
and 5095 serum samples in non-cases.
Results: Serum IL-1Ra levels were already higher in cases than non-cases 
13 years before year 0. Mean (95% CI) levels were 404 (384-425) pg/ml in 
cases and 326 (314-339) pg/ml in non-cases. From 13 to 6 years before year 
0, serum IL-1Ra levels increased only marginally in both cases and non-cases 
(1.5-2 pg/ml per year). From about 6 years before the manifestation of T2D, 
serum IL-1Ra concentrations of the cases showed a steep linear increase of 
about 20 pg/ml per year until the diagnosis, whereas the slope of the trajec-
tory of the non-cases remained unaltered (P<0.0001 for the different slopes 
during the final 6 years). Adjustment for BMI and waist circumference as 
time-varying predictors had almost no impact on these trajectories.
Conclusion: IL-1Ra levels were already elevated more than 10 years before 
the manifestation of T2D and showed an accelerated increased during the last 
6 years preceding the diagnosis (i.e., during a period also characterised by 
increases in plasma glucose levels and decreases in beta-cell function). These 
data provide support for the hypothesis of IL-1Ra upregulation to counter-
balance metabolic and immunological disturbances preceding T2D.
IL-1Ra measurements were funded by a Medical Research Council (UK) New 
Investigator Award
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Perinatal survivin expression is essential for the establishment of 
pancreatic beta cell mass 
X. Wu1,2, L. Wang3, S. Schroer2, D. Choi2, P. Chen3, H. Okada4, M. Woo2,3; 
1Department of Endocrinology, First Affiliated Hospital of Nanjing Medical 
University, China, 2Institute of Medical Science, Ontario Cancer Institute, 
University of Toronto, Canada, 3Department of Medical Biophysics, Ontario 
Cancer Institute, University of Toronto, Canada, 4Division of Signaling 
Biology, Ontario Cancer Institute, Toronto, Canada.

Background and aims: The deficiency of functional β-cell mass is the com-
mon denominator in all forms of diabetes. Because new β-cells are primarily 
formed from the replication of mature pre-existing β-cells during adulthood, 
the establishment of adequate β-cell mass early in life is therefore critical 
in determining β-cell mass expansion in respond to metabolic alterations 
throughout the life of the organism. From late embryogenesis and neona-
tal periods, pancreatic β cells undergo dynamic remodeling to establish the 
normal β-cell mass with enhanced neogenesis, proliferation and apoptosis. 
The molecular mechanisms responsible for these processes are elusive. Sur-
vivin is an inhibitor of apoptosis, first described to be expressed exclusively 
in tumour and embryonic tissues with regulatory functions in mitosis and 
apoptosis. Our aim was to define the essential physiological role of survivin 
in the pancreas.
Materials and methods: Survivin expression profile was assessed in the 
mouse pancreas and we generated mice harboring a conditional deletion 
of survivin in pancreas using mice with a PDX-1 promoter-driven survivin 
knockout mouse by the Cre-loxP recombination system to determine the es-
sential physiological function of survivin in the pancreas.
Results: Survivin was expressed within the pancreatic islets of mice from the 
second wave of pancreatic endocrine development at E15.5 to the postna-
tal 3 weeks. Targeted deletion of survivin in the pancreas resulted in a sig-
nificant decline in β-cell mass throughout the perinatal period, leading to 
decreased insulin levels and glucose intolerance in adult. Survivin-deficient 
islets showed significantly decreased cell proliferation due to a delay in cell 
cycle progression with perturbations in cell cycle proteins such as phosphor 
RB, Cyclin-E, CDK2, p21, p27, Caspase-3 and Aurora B kinase. Islet develop-
ment, islet architecture, microvasculature, and apoptosis were not affected by 
the absence of survivin in the pancreas.
Conclusion: Survivin expression in the pancreatic islets during the perinatal 
remodeling period is essential for the establishment of β-cell mass through 
cell cycle regulation. Survivin deficiency in the pancreas leads to defects in 
β-cell mass establishment early in life, resulting in a permanent decrease in 
β-cell expansion and glucose intolerance in adult.
Supported by: grants to M.W. from the CIHR and CDA
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Regulation of beta cell mass during early life in somatostatin-deficient 
mice
C.C. Richardson1, K. To1, V. Foot1, E. Shamil1, W. Jefferson1, D. Carmignac2, 
I.C.A. Robinson2, M.R. Christie1; 
1Division of Reproduction & Endocrinology, King’s College London, 
2Division of Molecular Neurophysiology, National Institute for Medical 
Research, London, United Kingdom.

Background and aims: Early postnatal life represents a critical period when 
remodelling of the endocrine pancreas occurs, including proliferation of islet 
cells and their precursors, transient increases in apoptosis, and maturation of 
insulin secretory responses to glucose. Factors that regulate these processes 
are poorly understood. Somatostatin-secreting delta cells are abundant in the 
fetal and neonatal pancreas and since somatostatin acts to inhibit growth fac-
tor secretion and cell proliferation and promote apoptosis, the hormone may 
play a role in regulating islet expansion in early life. The aim of this project 
was to investigate the effect of somatostatin-deficiency on proliferation, ap-
optosis and beta cell expansion in the first three weeks of life in mice.
Materials and methods: Pancreases from wild-type or somatostatin-knock-
out (SST-/-) mice at 2, 7, 14, 21 days and 1 year of age were analysed for total 
pancreas, beta and alpha cell volumes by morphometry, and for cell prolifera-
tion and apoptosis by BrdU incorporation and TUNEL labelling, respectively. 
Activation of signalling pathways associated with proliferation and apoptosis 
was studied by Western blotting of tissue extracts.
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Results: Significant decreases in pancreatic and beta cell volume were ob-
served in pancreases from SST-/- mice in the first three weeks of life. Reduced 
beta cell volume (0.68±0.26 vs 2.95±0.7 mm3, p<0.05) persisted to one year of 
age, whereas there were no significant differences in alpha cell or pancreatic 
volumes. BrdU incorporation into pancreatic cells was significantly reduced 
in SST-/- animals at 2 days (40.8±4.8 vs 117±19.5 BrdU-positive cells/mm2, 
p<0.01) and TUNEL-positive cells increased at 14 days (235.7±58 vs 28.3±6.1 
cells/mm2, p<0.05). TUNEL positive nuclei were seen in all pancreatic cell 
types but were particularly abundant in pancreatic ducts. Decreased beta cell 
mass in SST-/- animals was not a consequence of impaired growth factor sig-
nalling through the Akt pathway, since Akt phosphorylation was increased 
2.6-fold (p<0.01) and nuclear cyclin D2 increased 1.8-fold (p<0.05) in the 
SST-/- pancreas. However, levels of TGF-beta 1, a growth factor that stimu-
lates apoptosis in epithelial cells and is implicated in tissue remodelling, were 
increased 2.5-fold (p<0.001) in the SST-/- pancreas. TGF-beta signalling is 
mediated by phosphorylation and nuclear translocation of SMAD proteins 
and SMAD phosphorylation was increased in the SST-/- pancreas.
Conclusion: Despite somatostatin being a negative regulator of growth, ex-
pansion of pancreatic beta cell mass was impaired in SST-/- mice as a con-
sequence of reduced proliferation and increased apoptosis of beta cells and 
their precursors. Reduced expansion of beta cell mass was associated with 
increased TGF-beta 1 levels in the SST-/- pancreas and TGF-beta 1 may rep-
resent an important regulator of beta cell mass in early life.
Supported by: Diabetes UK
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IGF-II reexpression in adult mice is essential for beta cell regeneration 
in vivo
L. Zhou1, S. Pelengaris2, S. Abouna1, J. Young2, D.B.A. Epstein3, M. Khan1; 
1Biological Science, 2Medical School, 3Mathematics Institute, University of 
Warwick, Coventry, United Kingdom.

Background and aims: Identifying factors which can support beta cell re-
generation and or prevent death is a key objective in diabetes research. The 
insulin-like growth factor (IGF) signaling system is well know in regulating 
growth and development of many tissues. Both IGF-1 and insulin have been 
shown to play important roles in adult adaptive increases in beta cell mass 
and in regeneration. Conversely, Insulin-like growth factor II (IGF-II), plays 
a critical role in fetal cell division and differentiation, but is generally believed 
to play no role in the adult pancreas under normal physiological conditions.
Materials and methods: We have employed the ‘switchable’ pInsMycER-
TAM mouse, which exhibits Myc-induced beta cell ablation, and is followed 
by complete beta cell regeneration over 3 months once Myc is deactivated. 
By crossing with IGF-II knockout mice we tested the hypothesis that IGF-II 
re-expression is important for beta cell regeneration in adult mice. Beta cell 
quantitative analyses were determined by immunohistochemistry and all re-
sults are expressed as means±SD and significance of differences are evaluated 
with Student’s t test or ANOVA.
Results: Here we show for the first time that IGF-II is re-expressed early in the 
adult pancreas following beta cell ablation. Following subtotal beta cell abla-
tion, subsequent regeneration was followed. By 4 days after Myc deactivation 
in pInsMycERTAM we already see some expansion of beta cell mass as deter-
mined by increasing cross-sectional area of insulin staining (0.00102±0.0002 
to 0.00175±0.0003; p=0.0277). Whereas, in pInsMycERTAM /IGF-II KO 
mice this is completely prevented (0.00125±0.0011 to 0.00083±0.00013, p > 
0.05). This was confirmed by cell counting- beta cell numbers increased by 
1.5±0.3 folds, whereas in pInsMycERTAM /IGF-II KO mice cell numbers did 
not increase at all (0.8±0.2 fold change; p=0.0364). This early delay in beta 
cell regeneration is also seen at 3 months of recovery. At 96 days beta cell 
mass and numbers have returned to pre-ablation levels- in itself interesting 
given the fact that blood glucose levels were essentially normal from around 4 
weeks and yet beta cell mass continues to increase until pre-ablation numbers 
are re-achieved. In pInsMycERTAM /IGF-II KO mice beta cell mass has also 
returned to similar levels to pre-ablation, but cell numbers remain substan-
tially reduced suggesting that hyperplasia is compensating for impaired beta 
cell regeneration in IGF-II KO mice.
Conclusion: Our results demonstrate that early beta cell regeneration in adult 
mice depends on re-expression of IGF-II, suggesting the possibility that reac-
tivation of an embryonic pathway contributes to this in adult mice. Moreo-
ver, full recovery of beta cell numbers is substantially impaired even after 3 
months, though this is in part compensated by beta cell hypertrophy. This also 
suggests that IGF-II may be a novel potential target in treatment of diabetes.
Supported by: WPRF and MRF
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Islet cell proliferation is increased in human recent onset type 1 diabetes
A.J. Willcox1, S.J. Richardson1, A.J. Bone2, A.K. Foulis3, N.G. Morgan1; 
1Institute of Biomedical and Clinical Science, Peninsula College of Medicine 
and Dentistry, Plymouth, 2School of Pharmacy and Biomolecular Sciences, 
University of Brighton, 3Department of Pathology, Glasgow Royal Infirmary, 
United Kingdom.

Background and aims: Type 1 diabetes (T1D) is a disease in which the β-
cells of the islets of Langerhans are killed selectively by autoimmune-mediat-
ed attack. Very little information is available about the β-cell response to this 
immune assault in humans and, in particular, it is unclear whether endocrine 
cell proliferation can be re-initiated during this phase of the disease. There-
fore, the aim of the present study was to assess the extent of islet endocrine 
cell proliferation in recent-onset T1D patients and to compare this with age-
matched control patients.
Materials and methods: Paraffin-embedded sections from autopsy pancreas-
es of 10 recent-onset T1D patients (mean age 14±3.8 years; range 1-42 years) 
and 12 non-diabetic controls (mean age 17.8±6 years; range 2-53 years) were 
employed. An antibody directed against Ki67, a protein expressed selectively 
during mitosis, was used to detect proliferating cells. Multiple antigen stain-
ing was performed with antibodies against insulin, glucagon and somatosta-
tin to identify the islet cell subtypes which were Ki67-positive. Sections were 
examined using brightfield and fluorescence microscopy and islet morphom-
etry was analysed using Adobe Photoshop CS4 software.
Results: The number of Ki67-positive (Ki67+) endocrine cells within the is-
lets of non-diabetic control patients was very low, such that only 1.1±0.3% 
of the islets contained any Ki67+ cells in a given pancreatic section. By con-
trast, the percentage of islets containing Ki67+ endocrine cells was increased 
markedly in recent-onset T1D patients (to 10.88±2.5%; p<0.005) The average 
number of Ki67+ endocrine cells per islet section in those islets with Ki67+ 

cells was also increased significantly, from a mean of 1.14±0.09 cells/islet sec-
tion in controls to 1.91±0.12 cells/islet section in T1D patients (p<0.001). 
Dual-labelling studies revealed that the increase in Ki67+ staining occurred 
in both α- and β-cells whereas the absolute numbers of Ki67+ δ-cells were 
insufficient to allow firm conclusions to be drawn about their proliferative 
potential. In controls, a total of 3466 islets were studied (mean cell number 
= 124 cells/islet section) and these yielded labelling indices of 0.008% for β-
cells and 0.006% for α-cells. In the T1D patients, the Ki67+ labelling index 
(measured in a total of 1280 islets, of which approximately 75% were insulin 
positive) was raised to 0.070% for β-cells and to 0.066% for α-cells Thus, the 
Ki67+ labelling index was increased by approximately 10-fold for both α- and 
β-cells in recent-onset T1D. Ki67+ α-cells were present in both insulin-posi-
tive and insulin-negative islets.
Conclusion: This study reveals that both α- and β-cells cells undergo a 
marked increase in proliferation during the progression of T1D in humans, 
suggesting that endocrine cell proliferation is re-initiated in response to the 
autoimmune attack associated with T1D. Identification of the stimulus me-
diating this increase may provide a means for therapeutic intervention to re-
store β-cell numbers in patients who are newly diagnosed with T1D.
Supported by: JDRF
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Human islets contain a population of mesenchymal stem cell capable of 
differentiation toward the endocrine lineage
F. Carlotti1, A. Zaldumbide1, C.J. Loomans2, M. Engelse2,  
E. van Rossenberg2, E.J. de Koning2, R.C. Hoeben1; 
1Molecular Cell Biology - Virus and Stem cell Biology lab, Leiden 
University Medical Center, 2Nephrology, Leiden University Medical Center, 
Netherlands.

Background and aims: Islet transplantation is a promising treatment strat-
egy in type-1 diabetes, but the scarcity of donors limits its widespread appli-
cation. In vivo islet (re)generation would be the best therapeutic approach, al-
though it is unclear whether this approach is possible. In vitro islet generation 
from adult stem cells represents an attractive alternative. So far, embryonic 
stem cells as well as mesenchymal stem cells from different origins such as 
bone marrow and adipose tissue have been evaluated for their ability to form 
beta cell-like cells. However, most of the studies showed an incomplete differ-
entiation process leading to a low and often unregulated insulin production. 
In this study we describe the isolation and characterization of a mesenchymal 
stem cell (MSC) population from islets from human donors, here called islet-
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derived cells (IDC). In contrast to bone marrow-derived MSC, human IDC 
have the capacity to aggregate, form clusters, and to induce the expression 
of insulin, glucagon and somatostatin. However, their origin still has to be 
clarified.
Materials and methods: Gene expression was analyzed and quantified by 
RT-PCR and Real-time PCR, respectively. Flow cytometry and immunofluo-
rescence coupled to confocal microscopy were used to characterize and iden-
tify the cells of interest.
Results: After expansion, hIDC isolated from human donors express the 
mesenchymal stem cells markers CD105, CD90, CD73, CD44, CD29, and 
CD13 on their surface, synthesize nestin and vimentin, and can differenti-
ate to adipocytes and osteocytes. Also, hIDC were found to express the peri-
cyte markers CD146, NG2, αSMA and PDGF-Rβ. However, von Willebrand 
Factor, CD31, CD34 and CD45 are not expressed, demonstrating that hIDC 
are neither of hematopoietic nor of endothelial origin. Remarkably, and in 
contrast with other pancreatic progenitors, hIDC do not express the ductal 
markers CK19 and CA19.9. Using the combination of surface markers CD90 
and CD105 for immunoflowcytometry we demonstrate that human islets 
contain 2.0±0.8 % CD105/CD90 double-positive cells. Confocal microscopy 
on freshly isolated islets positioned these cells within the islets.
Conclusion: From our data we conclude that human islets contain a popu-
lation of mesenchymal stem cells with the unique capacity to differentiate 
toward the endocrine pathway. The identification of stem cells in human islets 
offers new avenues that can be explored for ex vivo and potentially in vivo islet 
regeneration.
Supported by: Dutch Diabetes Foundation
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Islet autoantibodies in patients receiving pancreas transplantation alone
M. Occhipinti1, V. Lampasona2, R. Giannarelli1, F. Vistoli3, A. Coppelli1,  
S. Bonicchio2, D. Campani4, G. Amorese3, E. Bazzigaluppi2, L.E. Pollina4,  
M. Del Chiaro3, U. Boggi3, P. Marchetti1, E. Bosi2; 
1Endocrinology and Metabolism of Organ and Cellular Transplantation, 
University of Pisa, 2Diabetes Research Institute, San Raffaele Scientific 
Institute, Milan, 3General Surgery and Transplantion in Uremia and 
Diabetes, University of Pisa, 4Transplant Pathology, AOUP, Pisa, Italy.

Background and aims: Pancreas transplantation alone (PTA) in subjects with 
type 1 diabetes (T1D) and preserved kidney function is an established clinical 
procedure able to restore an endogenous and self-regulating insulin secretion 
and normalize blood glucose levels. In previous studies, post-transplant re-
appearance or titre increase of islet autoantibodies (Ab) was associated with 
transplant failure in a proportion of patients after islet or simultaneous pan-
creas and kidney transplantation. No data are available on PTA. Aim of this 
study was to investigate islet Ab in T1D patients undergoing PTA.
Materials and methods: Antibodies to the major autoantigens glutamic acid 
decarboxylase (GADA), protein tyrosine phosphatase IA-2 (IA-2A) and zinc 
transporter-8 (ZnT8A) were measured before and after PTA in 25 T1D pa-
tients (age: 36.9±7.8 yrs; males/females: 9/16; BMI: 23.7±2.7 kg/m2; duration 
of T1D: 25.0±8.2 yrs; post-PTA follow-up: 38.8±14.4 mo). All patients un-
derwent pancreas transplantation with portal-enteric drainage and received 
mycophenolate, tacrolimus and low-dose steroid as immunosuppressive 
treatment.
Results: Before transplantation, one or more Ab were detected in 12 (48%) 
patients: of them, 1 had all 3, 4 had 2 and 7 had 1 Ab only. After transplanta-
tion, all patients became insulin independent with normal blood glucose con-
trol. During follow-up, 5 patients lost pancreas function and resumed insulin 
therapy at 8, 15, 28, 55 and 77 months. The pre-transplant Ab status did not 
influence pancreas graft outcome. Out of patients with continuing graft func-
tion, only one showed Ab changes, defined as either appearance of previously 
undetectable Ab or doubling or more the titre of pre-existing Ab. Substantial 
changes in Ab levels were observed in 4 out of 5 patients whose transplant 
failed, and failure occurred after a mean of 18.5±22.0 mo from Ab changes 
detection. Pancreas biopsies were performed in 3 patients with failing pan-
creas graft and with Ab changes: immunohistochemistry showed CD3+ and, 
to a less degree, CD20+ infiltration in the exocrine tissue, with no pictures of 
selective insulitis or β-cell loss.
Conclusion: In conclusion, in T1D patients receiving PTA the pre-transplant 
islet Ab status is not predictive of graft outcome, while Ab reappearance or 
major titre increase is associated with transplant failure; the underlying im-
mune pathogenetic processes remain to be clarified.

OP 8 Diabetic nephropathy and 
blood pressure
43
Higher blood pressure associated with lower mortality in elderly type 2 
diabetic patients (ZODIAC-12)
K.J.J. van Hateren1, G.W.D. Landman1,2, N. Kleefstra1,3, K.H. Groenier4, 
A.M. Kamper2, S.T. Houweling3,5, H.J.G. Bilo1,2; 
1Diabetes Centre, Zwolle, 2Department of Internal Medicine, Isala Clinics, 
Zwolle, 3Langerhans Medical Research Group, Zwolle, 4Department of 
General Practice, University Medical Center Groningen, 5General Practice 
Sleeuwijk, Netherlands.

Background and aims: Hypertension is considered to increase the already 
high risk of cardiovascular disease in patients with type 2 diabetes mellitus 
(T2DM). However, the precise relationship between blood pressure and mor-
tality in elderly T2DM patients remains unclear. The aim of this study was to 
investigate the relationship between blood pressure and pulse pressure over 
time and mortality in elderly T2DM patients.
Materials and methods: In 1998, 881 primary care patients with T2DM aged 
60 years and older participated in the ZODIAC study. The cohort was divided 
into two age categories: 60-75 years and older than 75 years. After a median 
follow-up time of 5.7 years, updated means for systolic blood pressure, di-
astolic blood pressure and pulse pressure were calculated, and used, as time 
dependent covariates, in a Cox proportional hazard model. This analysis was 
used to evaluate the association between the different blood pressure meas-
ures over time and (cardiovascular and all-cause) mortality. The following 
variables were selected as possible confounders: gender, smoking (yes or no), 
body mass index, duration of diabetes, serum creatinine, cholesterol-HDL 
ratio, macrovascular complications (yes or no), albuminuria (yes or no), the 
use of lipid lowering and antihypertensive drugs (yes or no) and age.
Results: The mortality rate for the elderly patients (> 75 years) with a systolic 
blood pressure < 140 mm Hg was 76% compared to 50% in the group with a 
blood pressure ≥ 170 mm Hg (figure 1). All of the blood pressure measures 
were inversely related to all-cause mortality in this age group. An increase of 10 
mm Hg in systolic blood pressure, diastolic blood pressure and pulse pressure 
led to a decrease of the hazard of mortality [95% confidence interval] of 19% 
[11%-27%], 27% [12%-43%] and 19% [9%-29%] respectively. For cardiovascu-
lar mortality the hazard ratios were 0,88 [0,77-1,00] for systolic blood pressure 
and 0,86 [0,72-1,00] for pulse pressure. In the low age group (60-75 years) the 
associations between blood pressure and mortality were not significant.
Conclusion: Blood pressure is a marker for mortality in elderly T2DM pa-
tients; however, the relationship is inverse. Known risk factors might have 
different consequences when assessed in different subgroups; in this case the 
elderly population.
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Allelic variations in the SOD1 gene are associated with development and 
progression of nephropathy in type 1 diabetic subjects
K. Mohammedi1, S. Maimaitiming2, N. Bellili2, N. Emery3, R. Roussel1,  
S. Hadjadj4, F. Fumeron2, G. Velho2, M. Marre1; 
1Endocrinologie Diabétologie et Nutrition, Assistance publique des hôpitaux 
de Paris, 2Faculté de médecine Xavier Bichat, INSERM U695, Paris, 3Faculté 
de médecine Xavier Bichat, Université Paris 7- Paris Diderot, 4Médecine 
Interne, Hôpital Universitaire de Poitiers, France.

Background and aims: Oxidative stress is involved in the pathophysiology of 
diabetic nephropathy (DN), and the enzyme superoxide dismutase 1 (SOD1) 
is essential for reactive oxygen species detoxification. In this study, we tested 
the impact of SOD1 allelic variation in the development and progression of 
DN in subjects with Type 1 Diabetes Mellitus (T1DM).
Materials and methods: Seven SNPs (rs2173962, rs9974610, rs10432782, 
rs2070424, rs1041740, rs17880135 and rs202449), giving information on 
~90% of the allelic variation of the haplotypic block containing SOD1 gene 
were analyzed in 1278 subjects from three independent T1DM cohorts: the 
SURGENE prospective study, GENEDIAB and GENESIS studies. Geno-
types were determined by an Assay by Design kit from Applied Biosystems. 
Genotype associations with DN were assessed by logistic regression analyses. 
Associations with DN severity were assessed by ordinal logistic regression 
analyses, with stages of DN coded as ordinal polytomic dependent variables: 
absence (1), microalbuminuria (2), macroalbuminuria (3), reduced renal 
function (4) and end stage renal failure (5). A renal event was defined as pro-
gression to a further stage of nephropathy. Survival analyses without renal 
events were assessed by Cox’s proportional hazards model.
Results: The rs1041740 SNP was associated with DN in the prospective SUR-
GENE study both at baseline (odds ratio: 3.1, 95% CI: 1.3-7.9, p=0.01) and at 
6 years follow-up (odds ratio: 5.22, 95% CI: 1.9-16.9, p=0.002). Associations 
were also observed with DN severity (p=0.009). Genotype tends to be associ-
ated with renal event incidence (Hazard ratio: 1.33, 95% CI: 0.97 - 1.84, p = 
0.08). The rs17880135 variant was associated with DN in GENEDIAB (odds 
ratio: 2.5, 95 % CI: 1.1-6.0, p=0.03) and GENESIS (odds ratio: 2.0, 95% CI: 
1.04 - 3.8, p=0.03) cohorts. Significant association with DN severity was also 
observed in both cohorts (p=0.05 and p=0.04, respectively). Associations of 
both SNPs with albuminuria were observed in the 3 cohorts. Associations 
with arterial hypertension were also observed.
Conclusion: We have observed associations of SOD1 allelic variations with 
nephropathy, its severity and intermediate phenotypes in subjects with 
T1DM. We are currently performing haplotypic studies in the 3 cohorts and 
analysis of 10 year follow-up data of SURGENE.

45
Different sets of risk factors for the development of albuminuria and 
renal impairment in type 2 diabetes - the Swedish National Diabetes 
register (NDR)
H. Afghahi1, J. Cederholm2, B. Eliasson3, P.M. Nilsson4, K. Eeg-Olofsson3,  
S. Gudbjörnsdottir3, M.K. Svensson5; 
1Department of Medicine, Kärnsjukhuset, Skövde, 22Department of Public 
Health and Caring Sciences, Family Medicine and Clinical Epidemiology, 
Uppsala University, 3Department of Medicine, Sahlgrenska University 
Hospital, Gothenburg, 4Department of Clinical Sciences, Cardiovascular 
Group, Malmö University Hospital, Lund University, Malmo, 5Dept of 
Nephrology, Sahlgrenska University Hospital, Gothenburg, Sweden.

Background and aims: Type 2 diabetes (T2D) is one of the leading causes of 
end stage renal disease (ESRD) but not all patients with T2D develop renal 
dysfunction (albuminuria and/or renal impairment). The aim of this study 
was to identify clinical risk factors associated with development of renal dys-
function in T2D patients.
Materials and methods: 3677 patients with type 2 diabetes with age 30-74 
years with no signs of renal dysfunction at baseline (no micro- or macroalbu-
minuria and eGFR >60 ml/min//1.73m2 according to MDRD (Modified 
Diet in Renal Disease) were followed for 5 years (2002 to 2007). Clinical and 
biochemical variables were reported at baseline and renal outcomes, devel-
opment of albuminuria and/or renal impairment (eGFR <60 was ml/min/
1.73m2 MDRD or eCrCl <60 ml/min according to Cockcroft-Gault; C-G) 
were assessed at follow-up. Univariate logistic regression analyses for baseline 
variables with renal outcomes as dependent variables and then adjusted odds 
ratios, 95% confidence intervals, Wald X2 and p-values in stepwise logistic 

regression analyses were calculated. In addition, two significant models for 
adjusting the odds ratios for BMI as a predictor of development of albuminu-
ria or renal impairment were created.
Results: 20 % of patients developed albuminuria (16 % micro- and 4 % mac-
roalbuminuria) and 11 % (MDRD) or 7 % (C-G) developed renal impair-
ment. Among patients who developed albuminuria 16 % (MDRD) or 10 % 
(C-G) developed renal impairment. 29% (MDRD) or 32% (C-G) of patients 
who developed renal impairment also developed albuminuria. Development 
of albuminuria or renal impairment was independently associated with high 
age (all p<0.001), high systolic BP (all p<0.02), and elevated triglycerides (all 
p<0.02). Additional independent risk factors for albuminuria were high BMI 
(p<0.01), high HbA1C (p<0.001), smoking p<0.001), HDL (p<0.05) and male 
sex (p<0.001), and for renal impairment elevated plasma creatinine at base-
line and female sex (both p<0.001). High BMI was an independent risk factor 
for renal impairment when defined by MDRD (p<0.01), but low BMI was 
when defined by C-G (p<0.001). Adverse effects of BMI on HbA1C, blood 
pressure and lipids accounted for approx 50% of the increase risk for albu-
minuria, and for 41% of the increased risk for renal impairment (MDRD).
Conclusion: Distinct sets of risk factors were associated with the develop-
ment of albuminuria and renal impairment consistent with the concept that 
they are not entirely linked in type 2 diabetes. Interestingly effects of BMI 
accounted for a substantial proportion of the increased risk for both devel-
opment of albuminuria and renal impairment. The equations used to define 
renal function (MDRD vs C-G) have an impact on interpretation of data.

46
Age at onset and sex influence the risk of developing end-stage renal 
disease in young patients with type 1 diabetes
A. Möllsten1, M. Svensson2, Y. Berhan3, S. Schön4, L. Nyström5,  
H. Arnqvist6, G. Dahlquist1, The Swedish Childhood Diabetes Study Group, 
The Diabetes Incidence Study in Sweden, The Swedish Renal Register; 
1Dept. of Clinical Sciences, Paediatrics, Umeå University, 2Dept. of 
Nephrology, Sahlgrenska University Hospital, Gothenburg, 3Paediatrics, 
Sunderby Hospital, Luleå, 4Dept. of Internal Medicine, Ryhov County 
Hospital, Jönköping, 5Dept. of Public Health and Clinical Medicine, 
Epidemiology and Public Health Sciences, Umeå University, 6Dept. of 
Clinical and Experimental Medicine, Linköping University, Sweden.

Introduction: Young age at onset of type 1 diabetes (T1D) can postpone 
the development of diabetic nephropathy (DN) and end-stage renal disease 
(ESRD). It has been suggested that puberty could promote the development 
of diabetic complications. If puberty is associated with increased risk of 
ESRD, the cumulative incidence of DN and ESRD for subjects with diabetes 
onset after puberty should be similar to that of pre-pubertal T1D cases. The 
aims of this study were to assess the cumulative risk of ESRD due to DN in a 
large population-based prospective T1D cohort and to study the effects of sex 
and age at onset of T1D on this risk.
Study population: Since 1977 all incident cases of T1D in the ages 0-14 years 
are recorded in the Swedish Childhood Diabetes Register (SCDR) and since 
1983 all incident cases in the age-group 15-34 years are recorded in the Dia-
betes Incidence Study in Sweden (DISS). The Swedish Renal Registry (SRR) 
started in 1991 and collects data on all patients with active uraemia treatment, 
ESRD. Patients with >13 years duration of T1D were entered in the analyses 
since these patients would have equal chance of entering the SRR. In total, 6788 
patients from the SCDR and 4847 patients from the DISS were included.
Results: The median time of follow up was 21.2 years for SCDR and 18.9 years 
for DISS (range 13-30 years), 125 patients had developed ESRD due to DN. At 
25 years of T1D duration the cumulative incidence was 3.0% in males and 1.9% 
in females. Among patients developing T1D before the age of 15 there was no 
difference between males and females. Female patients developing T1D at 15-
34 years had a similar risk of ESRD as the 0-9 year age-group and lower risk 
than the 10-14 years age-group (Table 1). In contrast, developing diabetes after 
15 years of age doubled the risk for males as compared with females, hazard ra-
tio (HR) 2.4, 95% CI=1.2-4.8. Among male patients with T1D development at 
15-34 years the ESRD risk was four times higher than the 0-9 years age-group 
but not significantly different from the 10-14 years age-group. 

Table 1: Hazard ratios and 95% CI comparing different age at onset of T1D.
Age at onset (years) Males Females
15-34 vs. 0-9 4.0 (2.0-8.0) 1.8 (0.7-4.7)
15-34 vs. 10-14 1.4 (0.8-2.4) 0.5 (0.2-0.99)
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Conclusion: The cumulative risk of ESRD due to DN in Sweden at 25 years 
of diabetes duration is low. In females, pubertal age at onset was associated 
with an increase in risk that disappeared in post-pubertal onset patients but 
males had a continuing risk increase with older age at onset. The findings 
suggest a role for age at onset/puberty and sex hormones in the development 
of diabetic renal complications.

47
Efficacy and safety of long-acting nifedipine (GITS) in patients with 
diabetes and symptomatic stable angina pectoris: insights from the 
ACTION trial
P.A. Meredith1, H.L. Elliott2; 
1Medicine & Therapeutics, University of Glasgow, 2Institute of 
Pharmaceutical & Medical Sciences, University of Strathclyde, Glasgow, 
United Kingdom.

Background and aims: In the ACTION (A Coronary disease Trial Investigat-
ing Outcome with Nifedipine GITS) trial, the benefits of adding nifedipine 
GITS to the treatment of patients with stable symptomatic coronary artery 
disease were particularly apparent in those with concomitant hypertension. 
This further analysis has assessed whether or not the addition of nifedipine 
GITS is particularly beneficial in the treatment of patients with the combina-
tion of diabetes mellitus and chronic stable angina.
Materials and methods: Of the 7665 randomised patients in the ACTION 
study, 1113 (14.5%) had diabetes. In addition to their existing “best practice” 
cardiovascular (CV) treatment, all patients were randomised to receive either 
nifedipine GITS 60 mg once daily or placebo. The primary endpoint for ef-
ficacy was the combined rate of death of any cause, myocardial infarction, 
refractory angina, new overt heart failure, debilitating stroke or peripheral 
revascularisation.
Results: There were significant treatment-related differences between dia-
betic and non-diabetic patients: for example, diabetics were more likely 
than non-diabetics to receive drugs blocking the renin-angiotensin system 
(RAS blockade) both at baseline (36 v 20%) and during the study (68 v 43%). 
Despite the use of RAS blockade, 60% of the diabetic patients were uncon-
trolled with BP>140/90mmHg and 15% with BP > 130/80 mmHg. After 4 
years treatment, 56% of diabetics treated with nifedipine were controlled at 
< 140/90 compared to 45% in the placebo group and at <130/80 mmHg the 
respective figures were 25 and 18%. With respect to endpoint analysis, there 
was an overall consistency whereby nifedipine treatment tended to be su-
perior to placebo across all the parameters. Furthermore there was a trend 
towards a greater magnitude of benefit in the diabetic versus non-diabetic 
patients. Although there was no difference in the occurrence of the primary 
end-point, nifedipine treatment resulted in a statistically significant reduc-
tion (p=0.001) in the combined endpoint of death, any cardiovascular event 
or cardiac procedure by 21% in the diabetics compared to 9.8% in the non-
diabetic patients.
Evolution of blood glucose and serum creatinine measurements was not af-
fected by nifedipine treatment: fewer diabetics assigned nifedipine required 
increased anti-diabetic medication.
Conclusion: Despite the well-recognised high level of CV risk in patients 
with established coronary artery disease and diabetes mellitus, BP control 
was poor and well short of recommended target levels, even although the 
majority of patients were receiving some form of RAS blockade. The addition 
of nifedipine to “best practice” CV treatment was not only safe in diabetic 
patients with stable symptomatic coronary artery disease but it led to im-
proved BP control, reduced CV risk and a reduction in “hard” CV end-points 
(cardiovascular events and interventions.)
Supported by: Bayer Schering Pharma
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Impact of baseline renal function on the efficacy and safety of aliskiren 
added to losartan in patients with type 2 diabetes and nephropathy
H.-H. Parving1,2, F. Persson3, J.B. Lewis4, E.J. Lewis5, N.K. Hollenberg6; 
1Dept of Medical Endocrinology, Copenhagen University Hospital, 
Denmark, 2Faculty of Health Science, Aarhus University, Denmark, 3Steno 
Diabetes Center, Gentofte, Denmark, 4School of Medicine, Vanderbilt 
University, Nashville, United States, 5Medical Center, Rush University, 
Chicago, United States, 6Brigham and Women’s Hospital and Harvard 
Medical School, Boston, United States.

Background and aims: Patients with low GFR are at high risk of renal dis-
ease progression and treatment-related adverse events (AEs). This post hoc 
analysis assessed the efficacy and safety of aliskiren (ALI) or placebo (PBO) 
added to losartan (LOS) according to baseline renal function (estimated GFR 
[MDRD equation] <60, ≥60-<90 and ≥90 mL/min/1.73 m2) in the Aliskiren 
in the EValuation of PrOteinuria In Diabetes (AVOID) study.
Materials and methods: In AVOID, 599 patients aged 18-85 years with hy-
pertension and diabetic nephropathy received 6 months’ ALI (150 mg force 
titrated to 300 mg after 3 months) or PBO added to LOS 100 mg and optimal 
antihypertensive therapy. Exclusion criteria included eGFR <30 mL/min/1.73 
m2 and serum potassium >5.1 mmol/L.
Results: Baseline characteristics were similar between treatment arms in 
all eGFR subgroups. In the overall population, adding ALI to LOS reduced 
urinary albumin:creatinine ratio (UACR) by 20% (p<0.001). The antialbu-
minuric effects of ALI were consistent across eGFR subgroups (19%, 22% and 
18% reduction, respectively). Overall, eGFR declined by 2.4 mL/min/1.73m2 
with ALI but by 3.8 mL/min/1.73 m2 with PBO (p=0.07 vs ALI); numerically 
smaller eGFR reductions were also observed with ALI vs PBO in all eGFR 
subgroups. In the eGFR <60 subgroup, baseline serum creatinine levels were 
equal (ALI 129.3 µmol/L vs. PBO 133.9 µmol/L) but renal dysfunction pre-
specified as a post randomization serum creatinine level >176.8. µmol/L (2.0 
mg/dL) occurred more frequently in PBO vs. ALI (30.1% vs. 16.4%, p=0.02). 
Serum potassium elevations >5.5 mmol/L on a single measurement were 
more frequent with ALI (22.5% vs 13.6%), while the occurrence was equal 
in the two other groups. AE rates were highest in the eGFR <60 subgroup 
(68.1-72.9%) and lowest in the eGFR ≥90 subgroup (59.4-60.8%); there were 
no differences between ALI and PBO in each subgroup.
Conclusion: ALI added to LOS preserved renal function, reduced prespeci-
fied renal dysfunction and UACR vs. add-on PBO and was well tolerated, 
except for hyperkalemia, independent of baseline renal function in patients 
with type 2 diabetes, hypertension and nephropathy.
Supported by: Novartis Pharma AG
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Defects in the dynamic control of beta cell function and in glucose 
effectiveness underly the initial decline in intravenous glucose tolerance 
of obese European children
M. Trombetta1, L. Boselli1, C. Banzato2, M. Surano2, M. Muggeo1,  
E. Bonora1, C. Maffeis2, R.C. Bonadonna1; 
1Department of Biomedical and Surgical Sciences, Section of Endocrinology 
and Metabolism Disease, University of Verona, 2Department of Mother and 
Child, Biology and Genetics, Section of Pediatrics,, University of Verona, 
Italy.

Background and aims: Europe Europeans are thought to be less vulnerable 
to obesity induced type 2 diabetes. Detailed study of the main components of 
the glucose (G)-insulin (I) system were never performed in Europe European 
obese children. We aimed at assessing the main determinants of G levels in 
Italian obese children with normal G regulation (NGR).
Materials and methods: Sixty-five Italian obese children (age: 10.3±1.8 yrs, 
mean±SD; BMI: 28.1±3.2 Kg/m²) with NGR underwent a frequently sampled 
intravenous G tolerance test (IVGTT) [12 g/m² of body surface area] last-
ing 200’. G/C-peptide curves and I/G curves were analyzed with state-of-art 
mathematical models to quantify the sensitivity of beta-cell to both the rate 
of increase of G (DC: dynamic or derivative control; units: [pmol·m -2] per 
[mM·min-1]) and to G concentration (PC: static or proportional; analyzed as 
I secretion rate at G=4.0,5.5, 8.0, 11.0 mmol/L; units:pmol·min-1·m-2) and the 
routes of G utilization [global, i.e. liver+periphery, insulin sensitivity, SI, pre-
sented as G utilization rate at G=5 mM and I=420 pM; units: mmol·min-1·m-2; 
G effectiveness, SG units: ml·min-1·m-2]. Acute I response (AIR) was calcu-
lated as the AUC under I concentration between 0’ and 10’ of the IVGTT. 
Median FPG (4.6 mM) and median G level at 60’ during the IVGTT (1h-
PG: 5.3 mM) were used to classify children in one of 4 groups: low (below 
median) FPG and low 1h-PG (LowLow, n=20, FPG:4.4±0.16 mM, 1h-PG: 
4.4±0.47 mM), high (above median) FPG and low 1h-PG (HighLow, n=13, 
FPG: 4.9±0.23 mM, 1h-PG: 4.4±0.58 mM), low FPG and high 1h-PG (High-
High n=13, FPG: 4.3±0.25 mM, 1h-PG: 7.1±0.10 mM), and high FPG and 
high 1h-PG (HighHigh, n=19, FPG: 5.0±0.22 mM, 1h-PG: 6.5±0.7 mM).
Results: Worsening of G regulation was associated with increasing age (from 
9.3±1.7 to 10.5±1.8 yrs, p<0.05) and BMI (from 26.6±2.4 to 28.8±3.2 kg/m², 
p<0.05). AIR was similar across the 4 groups (4.9± 2.9, 4.6± 1.6, 3.4± 2.1 and 
5.2± 5.2 in the LowLow, HighLow, LowHigh and HighHigh group, respec-
tively, p=0.31). Both SI and SG were lower (p<0.05-0.01) in the LowHigh and 
HighHigh groups (SI: 0.95± 0.27 and 0.96± 0.31; SG: 102± 45 and 99± 23) 
than in the 2 Low 1h-PG groups (SI: 1.5± 0.4 and 1.3± 0.4; SG 137±33 and 
152±50). SI, but not SG, was inversely related to both DC and PC of beta-
cell function (r=-0.44 and -0.43, respectively, p<0.01 for both). PC, but not 
DC, of beta-cell function, was higher in the LowHigh (p=0.02) and HighHigh 
(p=0.03) groups than in the LowLow group, but after adjusting for SI these 
differences disappared. After adjusting for both SG and SI, the DC of beta-cell 
function was lower by~47% (p<0.01) in the LowHigh and HighHigh groups 
than in the other two groups.
Conclusion: In Europe European (Italian) obese children with NGR: 1. el-
evated 1h-PG is associated to decline in DC of beta-cell function and in both 
SI and SG. 2. SI, but not SG, is accompanied by an apparently compensatory 
increase in PC of beta-cell function, 3. hence, the fall in DC of beta-cell func-
tion and the uncompensated decline in SG play primary roles in determining 
the initial decline in i.v. G tolerance.
Supported by: Italy MIUR, PRIN 2006, protocol n. 67105, area n.06
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Tracking insulin secretion and sensitivity in children who subsequently 
develop diabetes: a seven year study
A.N. Jeffery1, B.S. Metcalf1, J. Hosking1, L.D. Voss1, M.J. Murphy2,  
T.J. Wilkin1; 
1University Medicine, Peninsula Medical School, Plymouth, 2University 
of Dundee, Division of Pathology and Neuroscience, Dundee, United 
Kingdom.

Background and aims: Blood glucose is controlled by the interaction be-
tween insulin secretion and insulin action, which constantly adjust to main-
tain optimal glucose levels, and whose vector can be plotted over time. We 

tracked the vector plots of three children who developed diabetes in the con-
text of age-matched children who did not.
Materials and methods: Participants: 258 healthy children from the Early-
Bird cohort (recruited from randomly-selected schools in 2000/1), studied 
annually from 5-12y. Girls A and B were diagnosed diabetic at 12.2y and 11.9y, 
boy C at 8.1y. Measures: BMI (sds), glucose, insulin-sensitivity (HOMA-%S), 
insulin-secretion (HOMA-%B).
Results: The table shows trends in cohort and diabetic children over time. The 
path traced by the mean vector was biphasic in the cohort as a whole, and in 
children A, B and C. While glucose rose throughout (change 5-12y p<0.001), 
HOMA-B first fell and HOMA-S increased in compensation (changes 5-7y 
both p<0.001). At 7-8y, however, the vector switched direction towards lower 
HOMA-S and higher HOMA-B (changes 8-12y both p<0.001). The inflexion 
occurred at 7y in Girl-A, 8y in Girl-B, and 6y in Boy-C. In contrast to that of 
the remaining cohort, their insulin secretion never recovered.
Conclusion: There is limited data on pre-diabetes in children. The inflexion 
we describe is novel, and may reflect early strain on beta-cell reserve in con-
temporary children. The children who developed diabetes were distinguish-
able from their peers, not by higher BMI or insulin resistance, but by early 
beta-cell failure which was apparent up to 12 months pre-diagnosis. Vector 
plotting may help better understand which children are at risk of beta cell 
failure, and why.

Trends in cohort and children A,B,C 5-12y
Cohort girls 
n=114
Mean (SD)

Girl A Girl B Cohort boys 
n=144
Mean (SD)

Boy C 

BMI (sds)
5y
6y
7y
8y
9y
10y
11y
12

0.54 (0.9)
0.50 (1.0)
0.56 (1.0)
0.54 (1.0)
0.64 (1.1)
0.65 (1.2)
0.59 (1.3)
0.68 (1.2)

1.09
1.12
0.69
0.63
1.06
1.05
1.53
1.45

1.60
1.50
1.31
1.60
1.30
1.77
1.40
-

0.19 (1.1)
0.14 (1.1)
0.18 (1.1)
0.28 (1.1)
0.34 (1.1)
0.42 (1.1)
0.33 (1.2)
0.42 (1.2)

-1.28
-0.47
-0.37
-0.96
-
-
-
-

Glucose 
(mmol/l)
5y
6y
7y
8y
9y
10y
11y
12y

4.25 (0.5)
4.36 (0.3)
4.56 (0.3)
4.61 (0.3)
4.74 (0.3)
4.74 (0.3)
4.77 (0.3)
4.88 (0.4)

4.3
4.5
4.5
4.6
5.0
4.9
4.8
6.1

4.1
4.1
4.3
4.4
4.7
4.5
4.9
-

4.31 (0.4)
4.49 (0.4)
4.62 (0.5)
4.78 (0.5)
4.80 (0.4)
4.88 (0.3)
4.82 (0.3)
4.92 (0.3)

3.8
3.5
4.4
6.2
-
-
-
-

HOMA-S (%)
5y
6y
7y
8y
9y
10y
11y
12y

180 (126)
234 (145)
274 (129)
155 (143)
165 (109)
138 (110)
116 (87)
89 (67)

132
278
270
278
109
108
91
69

70
89
476
75
202
61
120
-

252 (150)
318 (149)
332 (136)
307 (148)
228 (133)
152 (83)
173 (113)
146 (105)

204
500
476
417
-
-
-
-

HOMA-B(%)
5y
6y
7y
8y
9y
10y
11y
12y

112 (47)
91 (41)
68 (24)
71 (26)
91 (30)
107 (41)
114 (41)
131 (47)

109
60
61
57
89
84
111
80

187
159
46
85
68
43
87
-

87 (39)
67 (32)
57 (21)
59 (30)
71 (25)
87 (29)
87 (36)
92 (34)

107
71
45
23
-
-
-
-

Supported by: Novo Nordisk UK Research Foundation, Bright Futures Trust, 
CGF, EarlyBird Diabetes Trust
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Paediatric ONSET-Study: impaired QoL in children and depressed mood 
in mothers at onset of diabetes mellitus type 1 in children
B. Rami1, K. Lange2, R. Coutant3, T. Danne4, B. Aschemeier4, S. Bläsig4,  
R. Hartmann4, E. Marquardt4, K. Walte4, N. Krug2, T. Kapellen5,  
E. Pankowska6, O. Kordonouri4; 
1Medical University of Vienna, Austria, 2Medizinische Psychologie, 
Medizinische Hochschule Hannover, Germany, 3Département de Pédiatrie, 
Centre Hospitalier Universitaire, Angers, France, 4Kinderkrankenhaus auf 
der Bult, Hannover, Germany, 5Universitätsklinik und Poliklinik für Kinder 
und Jugendliche, Leipzig, Germany, 6Medical University of Warsaw, Poland.

Background and aims: The diagnosis of diabetes mellitus type 1 (DMT1) is 
a significant psychological burden for a child affected and the future of the 
whole family. The acute psychological implications of the diagnosis, as well 
as their determinants in children and their mothers are investigated during 
the first year after the diagnosis. This is a part of the pediatric ONSET-Study, 
a study comparing sensor augmented pump therapy with pump therapy 
without continuous subcutaneously glucose monitoring in children. Data on 
mother’s well-being and children’s quality of life following the diagnosis of 
DMT1 will be presented.
Materials and methods: This is a prospective study with children (aged 1-16 
years), randomised within 4 weeks of DMT1-diagnosis. 160 children (age: 
8,7 ± 4,4 J.; 47,5% girls) were included. The psychological wellbeing of the 
mothers or other primary caregivers of the child was assessed a few days after 
the diagnosis with a questionnaire (WHO-5, a well-being index). The QoL 
was evaluated in children (>/= 8yrs) via KIDSCREEN-27- and in parents via 
KIDSCREEN-27-proxy-questionnaires.
Results: The mean sum-score of mothers in the WHO-5 questionnaire 
(negative - positive: 0-100) was 46,3 ± 22,8, with 55,3% of mothers with a 
sum-score ≤ 48 indicating poor well-being / depressed mood. The mothers 
of the children below 6 years were significantly more affected than those of 
children aged 6 to 11 yrs. (52,1 ± 21) or 12 - 16 yrs. (46,0 ± 21) (p< .05). 69% 
of mothers with children < 6 yrs. showed symptoms of a depressed mood. The 
T-Values of the children’s Quality of life scores (parents’ perspective) were 
39.4 ± 9,8 for physical wellbeing, 40,1 ± 10,7 for psychological wellbeing, 49,9 
± 9,5 for parents and autonomy, 44,7 ± 13,9 for social integration and 46,3 
± 12,7 for school. Compared with the representative European norm data 
of the Kidscreen the quality of life was significantly lower in all dimensions 
except “parents and autonomy”(each p < .01). The children (>/=8yr.) rated 
their quality of life according their parents’ assessments (T-values on the five 
dimensions: 41,5 ± 8,9; 44,4 ± 10,7; 49,7 ± 9,1; 45,3 ± 11; 46,1 ± 11). Mainly 
their physiological and psychological wellbeing were significantly impaired 
compared to European norm data of the Kidscreen. After adjusting the data 
according to age of the children there were no significant differences between 
the five diabetes centres.
Conclusion: The high psychological burden of mothers, especially of those 
with young children and the impaired wellbeing of children diagnosed with 
diabetes underline the importance of an integrated medical and psychosocial 
care in the first phase of coping with the chronically illness. Psychotherapeu-
tic interventions for mothers to cope better with affective disorders should 
become a standard of care.
Supported by: Medtronic International Trading Sarl
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A new model of therapeutic education in pre-school and school-aged 
children with type 1 diabetes
T. Bufacchi, C. Paolo, P. Ippolita Patrizia, S. Riccardo, P. Lia, M. Antonella, 
C. Marco; 
Children Hospital Bambino Gesù, Rome, Italy.

Background and aims: Therapeutic Diabetes Education is a key aspect of 
diabetes care, underlining the importance of psycho educational programs in 
type 1 diabetic child, adolescents and their family. For effective results, such 
programs need to focus on physical and psychological outcomes of every sin-
gle phase of the child developmental stage. There are a number of studies on 
educational programs for school aged children and adolescence but very few 
of them concern the psychological adjustment and the Diabetes Education of 
very young children affected by diabetes mellitus type 1 (DM1).
The aim of this project is to implement a new education curriculum for chil-
dren with DM1 (4-12 yrs old) and their families and to assess its effectiveness 

to obtain a good diabetes control, to increase knowledge about diabetes and 
moreover to help them developing the skills necessary to identify, confront 
and resolve problems with confidence.
It will use a progressive modular-based structure to improve self-manage-
ment in children with DM1, following the criteria of EASD and IDF and the 
methodology of the Service of Children Hospitals Bambino Gesù (Rome, 
Italy) .
Materials and methods: A randomized control study (N=83) was designed 
to assess the effect of psycho-education and its relationship with HbA1c. A 
knowledge test and some psychometric (projective personality tests) and and 
pediatric quality of life measures were administered using a pre and post 
test design. A special psycho educational program was developed using the 
methodology of Childen Hospital Bambino Gesù, adapted for age (4-7 and 
8-12 yrs old). A group of 43 children (standard diabetes education- Group B) 
matched by age and gender was considered as control.
Results: The study is still ongoing but preliminary findings in Group A, when 
compared to the control group, at week IV, XII and week XXIV showed: 1) 
a significant improvement in the overall scoring of PedsQL and in the mean 
scores of diabetes self efficacy scale; 2) an increase in dietary and diabetes 
knowledge; 3) at school, the need to speak of their condition to the class-
mates, instead of hide it. Morevoer a preliminary analysis of children’s draws 
evidenced a typical structure in the family of a child with diabetes type 1; 4) 
HbA1c values were significant lower at 6 months (p<0.005).
Conclusion: we observed a better comprehension and acceptance of DM1 in 
the intervention group (especially for preschoolers) and a significant differ-
ence in HbA1c. Furthermore data obtained from Personality Projective tests 
offer important cues for the study of familiar functioning in diabetes.

HbA1c during the study
patients Age 6.7±1.6 HbA1c at DM1 

onset
3 months 6 months

Group A n.40 6.7±1.6 12.8±1.4 7.5±0.4 7.2±0.3
Group B n.43 7.0±1.8 13.1±1.1 7.6±0.3 7.7±0.5

53
Diabetes-related quality of life and glycaemic control among youth with 
type 1 diabetes
J.M. Lawrence1, A. Anderson2, G. Imperatore3, E.J. Mayer-Davis4, M. Seid5, 
B. Waitzfelder6, J. Yi-Frazier7; 
1Kaiser Permanente, Pasadena, 2Wake Forest University, Winston-Salem, 
3Centers for Disease Control and Prevention, Atlanta, 4University of North 
Carolina at Chapel Hill, 5Cincinnati Children’s Hospital and Medical Center, 
6Pacific Health Research Institute, Honolulu, 7Seattle Children’s Hospital, 
United States.

Background and aims: Glycemic control is a key measure of diabetes (DM) 
management and risk for long term DM complications. We hypothesized that 
poor glycemic control would be associated with poorer DM-related quality of 
life (QoL) among youth with type 1 diabetes (T1DM).
Materials and methods: These cross-sectional analyses included 2,601 youth 
ages 5-23 years (mean 13.6 yrs.) with T1DM duration of ≥ 12 months who 
completed a child self-report pediatric quality of life-diabetes (PedsQL-DM) 
module and had glycated hemoglobin (A1c) measured by SEARCH, a popu-
lation-based study of youth with DM onset <20 yrs. Glycemic control was 
categorized using age-specific cut-points based on American Diabetes As-
sociation target values for good and intermediate control. Poor control was 
defined as A1C ≥9.5% regardless of age. Demographic and DM treatment 
variables were self-reported.
Results: Of these youth, 75% were non-Hispanic white; 80% were privately 
insured; 50% were female; mean T1DM duration was 5.2 years; 29% received 
insulin < 3 times/day, 49% ≥ 3 times/day, 22% were on a pump. Mean A1c 
was 8.0% for youth aged <6 years (n=167), 8.3% for 6-12 yrs. (n=1011), 8.7% 
for 13-18 yrs. (n=1134), and 8.7% for ≥ 19 yrs (n=289). Glycemic control 
was poor in 20.1% and intermediate in 47.6% of participants. In unadjusted 
linear regression models, PedsQL-DM total score and all five subscale scores 
were associated with glycemic control (p<0.0001) (Table). After adjustment 
for age, race/ethnicity, sex, duration, insulin regimen, and insurance status, 
these associations remained (p<.0001). The strongest association with glyc-
emic control for both the unadjusted and adjusted models was for the treat-
ment barriers subscale. In the adjusted model, youth with good control had 
a mean score that was 9.95 points higher (fewer barriers) than those in poor 
control; those with intermediate control were 6.24 points higher on the scale, 
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while the weakest association was for the worry subscale. Additionally, girls 
and those without private insurance had significantly lower (worse) PedsQL-
DM scores in all models.

Outcomes for the Six Unadjusted and Adjusted Linear Regression 
Models
PedsQL-
DM
Total score

DM Symp-
toms
Subscale

Treatment 
Barriers
Subscale

Treatment 
Adherence
Subscale

Worry
Subscale

Commu-
nication
Subscale

Cronbach’s 
alpha

0.85 0.78 0.56 0.59 0.71 0.90

Mean ± 1 SD 
score

74.1 ±  
13.4

65.7 ± 
15.9

79.8 ±  
17.9

81.9 ±  
16.1

74.0 ± 
22.5

79.5 ±  
22.3

Unadjusted 
Model
Good Control 
β coefficient*

8.37 6.08 12.64 8.66 10.93 8.14

Intermediate 
Control β  
coefficient*

4.86 3.28 8.27 4.49 5.35 6.44

Adjusted 
Model**
Good control 
β coefficient*

6.91 6.06 9.95 6.31 5.77 8.47

Intermediate 
control β  
coefficient*

3.78 3.12 6.24 3.15 2.31 5.57

*Reference = Poor Glycemic Control, A1C ≥9.5% ** Linear regression models are 
adjusted for age category, race/ethnicity, sex, DM duration, insulin regimen, and 
insurance status.

Conclusion: In this large racially/ethnically diverse sample of youth with 
T1DM, our analysis showed that youth in good or intermediate glycemic 
control have significantly better diabetes-related QoL than those in poor 
control. While the causal direction of the association cannot be established 
from cross-sectional data, these findings suggest that poor glycemic control, 
in addition of being a strong risk factor for long-term DM complications, is 
negatively associated with QoL for young people with T1DM. 
Supported by: the U.S. Centers for Disease Control and Prevention and Na-
tional Institutes of Health
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Tracking of metabolic control from pediatric onset until adulthood: 
metabolic control during the first year of type 1 diabetes predicts HbA1c 
during adulthood: DPV-analysis on 6578 patients from 300 centers
R.W. Holl1, E. Schober2, J. Rosenbauer3, A. Herbst4, J. Wolf5, C. Vogel6,  
A. Dapp7, A. Thon8, M. Borkenstein9, German competence network diabetes 
and DPV initiative; 
1Epidemiology, University of Ulm, Germany, 2Department of Pediatrics, 
University of Vienna, Austria, 3German Diabetes Center, Düsseldorf, 
Germany, 4Department of Pediatrics, Leverkusen, Germany, 5Childrens 
Hospital, Paderborn, Germany, 6Children’s Hospital, Chemnitz, Germany, 
7General Hospital, Spaichingen, Germany, 8Pediatrics, Medical University, 
Hannover, Germany, 9Pediatrics, University of Graz, Austria.

Background and aims: The importance of metabolic control is well es-
tablished in type-1-diabetes. However, most studies address patients in a 
cross-sectional manner, rather than following patients longitudinally over 
prolonged periods of time. In this analysis we tried to answer the question, 
whether tracking of metabolic control is present in patients with T1DM of 
pediatric onset, followed continuously over the pubertal period until adult-
hood under routine care.
Materials and methods: The DPV initiative is based on a multicenter, stand-
ardized electronic documentation of patients with diabetes in Germany and 
Austria. Data are recorded at the participating institutions, anonymized and 
transmitted for central analysis. Inconsistent data are reported back to the 
centers for confirmation or correction. Until March 2009, a total of 41797 
patients with T1DM of pediatric onset (prior to age 15) are included in the 
database. 300 institutions (294 from Germany and 6 from Austria) partici-
pate. 6578 patients from 185 centers were followed longitudinally from the 

first year of diabetes until adulthood (age > 16 years). The mean time of fol-
low-up was 6.0 ± 0.4 years. Preschool onset (below 6th birthday) of T1DM 
was present in 505 patients (mean follow-up 12.8 ± 0.07 years), 2210 patients 
showed an elementary school onset (6.1 - 11.0 years; mean follow-up 7.9 ± 
0.03 years) and 3863 patients had a high school diabetes-onset (11.1 - 15.0 
years; mean follow-up 4.0 ± 0.02). Data were analyzed using SQL and SAS 
9.13. A mixed hierarchical model with treatment center as random variable 
was applied.
Results: HbA1c during the first year of diabetes (3 - 12 months after onset) 
averaged 6.99 ± 0.02 %, compared to 8.35 ± 0.02 % during adulthood. In 
the whole group, after adjustment for age at onset, diabetes duration, insulin 
therapy and BMI during adulthood, gender, migration background, treat-
ment center and center characteristic, HbA1c during the first year of diabetes 
was a strong, significant predictor of HbA1c during adulthood: ß = +0.3418, p 
< 0.001. This relationship was already significant in patients with a preschool 
onset of diabetes (ß= +0.12, p<0.05), as well as in patients with elementary 
school onset (ß=+0.28, p < 0.0001) and with high school onset of diabetes (ß 
= +0.41, p < 0.0001).
Conclusion: This study on a large, multicenter group of patients with T1DM 
of pediatric onset provides convincing evidence for longterm tracking of 
metabolic control. This result is in agreement with the importance of an early 
focus on metabolic control, even during the first months of diabetes (remis-
sion phase). Alternatively, disease heterogeneity or different personal traits 
in diabetes management might be responsible for the longterm stability of 
HbA1c levels in individual patients with pediatric diabetes onset, despite the 
considerable variability observed during puberty.
Supported by: an EFSD/Novo Nordisk grant, competence network diabetes, 
German Medical Association, NAFDM, NovoNordisk, Bürger-Büsing-Founda-
tion
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OP 10 Retinopathy
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HbA1c and fasting plasma glucose are predictors of retinopathy at ten 
years: the French desir study
P. Massin1, C. Lange2, J. Tichet3, M. Rosilio4, S. Vol3, A. Erginay1,  
M. Cailleau3, E. Eschwège2, B. Balkau2, The DESIR Study Group; 
1Ophthalmology, Hôpital Lariboisière, Paris, 2INSERM U780-IFR69, 
Villejuif, France, 3IRSA, La Riche, 4Lilly, Suresnes, France.

Aims: To evaluate the predictive values of HbA1c and fasting plasma glucose 
(FPG) for retinopathy ten years after baseline examinations.
Methods: 700 men and women from the D.E.S.I.R. study were evaluated for 
retinopathy using a non-mydriatic digital camera: 235 had diabetes (treated, 
FPG>7.0mmol/l at least once over preceding nine years), 227 had an im-
paired fasting glucose (IFG:6.1-6.9 mmol/l) at least once, 238 always had 
normal glucose (<6.1mmol/l).
Results: The 44 participants with retinopathy at ten years had higher base-
line mean (SD) FPG and HbA1c than those without retinopathy, 7.24 mmol/l 
(2.72) vs 5.90 mmol/l (1.22) mmol/l and 6.4% (1.6) vs 5.7% (0.7) (both 
p<0.0001). The frequency of retinopathy at ten-years, standardized over the 
entire D.E.S.I.R. population was 3.6%, and over 16% for FPG>6.5 mmol/l and 
HbA1c>6.5%. The positive predictive value for retinopathy increased more 
rapidly for higher values of HbA1c than for FPG. In our population, FPG of 
6.0 mmol/l and 6.5 mmol/l had positive predictive values of 8.6% and 17.4% 
respectively for retinopathy at ten years, while HbA1c of 6.0% and 6.5% had 
positive predictive values of 6.8% and 15.9%. After ten years of follow up, 
retinopathy was equally frequent (95%CI) in diabetes 7.9% (4.4-11.3) and in 
IFG 8.6% (5.0-12.2).
Conclusion/interpretation: In this population, baseline HbA1c had better 
profile of positive predictive values for retinopathy than baseline FPG ten 
years later. The ten-year frequency of retinopathy in individuals with IFG (at 
least one value in the abnormal range during follow-up) - was as high as for 
those with diabetes.

Supported by: CNAMTS, Lilly, Novartis Pharma, sanofi-adventis, Alfediam, 
Topcon France
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Retinal microaneurysm count predicts progression and regression of 
diabetic retinopathy
A.K. Sjølie1, R. Klein2, M. Porta3, T. Orchard4, J. Fuller5, H.-H. Parving6,  
R. Bilous7, N. Chaturvedi8; 
1Ophthalmology, University of Southern Denmark, Odense, Denmark, 
2Ophthalmology and visual science, University of Wisconsin, Madison, 
United States, 3Internal Medicin, University of Turin, Italy, 4Epidemiology, 
University of Pittsburgh, United States, 5Epidemiology and Public-Health, 
University College London, United Kingdom, 6Medical Endocrinology, 
University of Copenhagen, Denmark, 7Audrey Collins Teaching Unit, South 
Cleveland Hospital, Middlesbrough, United Kingdom, 8Internationa centre 
for Circulatory Health, National Heart and Lung Institute, Imperial College, 
London, United Kingdom.

Background and aims: To examine whether the number of microaneurysms 
(MAs) predicts progression and regression of retinopathy in type 1 and type 
2 diabetes.
Materials and methods: 893 type 1 and 526 type 2 diabetic patients with 
microaneurysms only (ETDRS levels 20/20 or 20/10) were subjected to yearly 
7-field stereo retinal photographs for a mean of 4.6 years as part of the Dia-
betic Retinopathy Candesartan Trials (DIRECT) Programme. Retinopathy 
progression was defined as a 2 step increase on the ETDRS scale for the pa-
tient, regression as a 2 step decrease. For the latter, analysis was restricted to 
those 441 type 1 and 217 type 2 patients with sufficient potential to regress, 
i.e. ETDRS level 20 in both eyes. MAs were counted and summed for both 
eyes. Mean age (+/-SD) and duration (+/-SD) of diabetes was 31.2 (8.4) and 
9.8 (4.3) years in type 1, 56.2 (8.0) and 7.2 (4.5) in type 2 patients, respec-
tively.
Results: In type 1 diabetes, we found a significantly increased risk of 2-step 
progression of retinopathy with increasing MA count at baseline (Hazard Ra-
tio (HR) 1.08 per MA, 95% CI 1.05-1.12, p< 0.0001), adjusted for diabetes 
duration, systolic blood pressure and HbA1c. Conversely, people with higher 
MA counts at baseline were less likely to regress (HR 0.79, 95% CI 0.73-0.86, 
p<0.0001). Similarly, in type 2 diabetes there was a significantly increased risk 
of progression of retinopathy (HR 1.07, 95% CI 1.01-1.13, p< 0.02), adjusted 
for diabetes duration, systolic pressure, HbA1c, urinary albumin excretion rate 
and use of antihypertensive therapy with increasing MA count, and a lesser 
likelihood of regression (HR 0.85, 95% CI 0.77-0.93, p<0.0009,). 
Conclusion: In both type 1 and type 2 diabetic patients a greater MA count 
significantly predicted a greater risk of retinopathy progression, and a lesser 
likelihood of retinopathy regression. As clinical trials need to focus on earlier 
stages of disease, our findings support the use of MA counts as a possible sur-
rogate clinical endpoint for progression and regression of retinopathy.
Supported by: AstraZeneca and Takeda
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Effectiveness of diabetic retinopathy screening in primary health care. 
Agreement with the ophthalmological service
M.D. Montañés1, C.R. Gas1, S. Hernàndez1, M. Torres1, O. Simón1,  
P. Romero1,2, J.M. Hernández1, R. Segarra1; 
1EAP Reus 1, Institut Catala de la Salut, Reus 2Ophthalmology service, Sant 
Joan Hospital, Reus, Tarragona, Spain.

Background and aims: To assess the effectiveness of diabetic retinopathy 
screening using the non-mydriatic camera and to estimate the specificity and 
sensitivity of referrals from general to specialist services.
Scope: A Basic Care Unit of 15885 inhabitants
Materials and methods: Observational study
A non-mydriatic retinography was performed on patients with type 1 and 
2 Diabetes Mellitus (except for those already suffering from retinopathy) 
visited in the Primary Health Care Office in the period November 2007 to 
December 2008.
329 patients were selected to undergo this exploration. 46 retinographies 
were considered pathological in the Primary Health Care Offices. They were 
sent to be revalued by the ophthalmological service in the reference hospital 
where the diagnosis was communicated to the family doctors.
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Before the study was carried out, the general practitioners were intensively 
trained on funduscopic examination.
In parallel with this study a statistical analysis was carried out in a sample of 
879 cases, including other Basic Care Units in our territory as well as the 329 
cases of our center. This analysis tried to determine the reliability (sensitivity 
and specificity) in detecting retinal pathology in the Primary Health Care.
Results: Number of retinographies: 329
Number of non-pathological retinographies: 283 (86,02%)
Retinographies assessed by the ophthalmologist: 46 (13,98%)
Pathological retinographies: 15 ( 4,55%)
Slight Diabetic retinopathy (DR): 3 (0,91%)
Moderate DR: 3 (0,91%)
Severe DR: 1 (0,30%)
Age-related macular degeneration: 1 (0,30%)
Others: 7 (2,13%)
Non-assessable: 3 (0,91%)
Conclusion: 4,55% of the screened showed pathological retinography , of 
which 46,67% due to DM. Using non-mydriatic retinography in diabetic pa-
tients offers the possibility of an early diagnosis in primary care, with a sen-
sitivity and specificity of over 90%. Its easy access and application allow the 
quality improvement of the diabetic patient assistance and the rationalization 
of the referral system to the hospital.
Supported by: Department of Ophthalmology, Hospital Sant Joan, Reus, De-
partment of Epidemiology, University Rovira i Virgili, Tarragona

59
Thiamine and benfotiamine counter apoptosis induced by intermittent 
high glucose exposure in human retinal pericytes
E. Berrone, E. Beltramo, S. Tarallo, M. Porta; 
Internal Medicine, University of Turin, Italy.

Background and aims: Human retinal pericytes are more vulnerable to fluc-
tuating than stable high glucose exposure, showing great differences with bo-
vine pericytes, used so far as models for diabetic retinopathy. For this reason, 
we created an immortalized human retinal pericyte line (Bmi-HRP), with the 
same morphology and metabolic characteristics of the wild-type cells from 
which it was derived. Thiamine and benfotiamine are well-known protective 
agents against the damaging effects of high glucose in vascular cells. Our aim 
was to verify if thiamine and benfotiamine are able to counter intermittent 
high glucose-induced damage in human retinal pericytes.
Materials and methods: Wild-type and immortalized pericytes were kept in-
termittently at 48h intervals in high (28 mmol/l) or physiological (5.6 mmol/
l) glucose for 8 days, with or without the addition of 50 or 100 µmol/l thia-
mine or benfotiamine. Control cells were cultured in stable physiological or 
high glucose for the whole period. DNA fragmentation (ELISA and TUNEL), 
Bcl-2 and Bax mRNA expression and protein concentration, as markers of 
glucose-induced apoptosis, were determined.
Results: DNA fragmentation measured through ELISA showed a dramatic 
increase in apoptosis in intermittent HG only (p<0.001 vs NG in both cases), 
which was completely prevented in both wild type and Bmi-HRP by the ad-
dition of thiamine and benfotiamine at both concentrations throughout the 
whole period. Results obtained with the ELISA were confirmed by in situ 
TUNEL staining. Intermittent exposure to high glucose resulted in both cell 
types in a 50-60% decrease in Bcl-2 to Bax ratio, for both expression and 
concentration (p<0.005). Addition of thiamine and benfotiamine at both 
concentrations to intermittent high glucose completely reverted this damag-
ing effect.
Conclusion: The hypothesis that daily blood glucose fluctuations play a ma-
jor role in the development of diabetic retinopathy is reinforced by the confir-
mation that apoptosis in human pericytes is increased following intermittent 
high glucose exposure only. Bmi-HRP show the same behaviour of wild-type 
pericytes when exposed to fluctuating glucose levels, making this cell line a 
promising candidate model to study pathogenic mechanisms and therapeutic 
applications in diabetic retinopathy. Thiamine and benfotiamine are able to 
prevent pericyte apoptosis, suggesting once again that this vitamin could be 
an inexpensive approach to the prevention and/or treatment of diabetic vas-
cular complications.
Supported by: an EFSD/Lilly fellowship

60
Safety and efficacy of ranibizumab treatment in patients with diabetic 
macular oedema: 12-months results of the RESOLVE study
K. Engelmann, on behalf of the RESOLVE study group; 
Klinikum Chemnitz, Germany.

Background and aims: Evaluate safety and explore effect of ranibizumab in 
diabetic macular edema (DME).
Materials and methods: Multi-center, double-masked study involving 151 
DME patients treated over 12 months with 6 mg/ml ranibizumab (n=51), 10 
mg/ml ranibizumab (n=51), or sham injection (n=49). Three initial monthly 
injections followed by re-treatment based on success, futility, or safety crite-
ria. Injection volume doubled as of Month 1 if central retinal thickness (CRT) 
was >300 µm or >225 µm and reduction from prior assessment <50 µm. La-
ser photocoagulation as rescue medication allowed from Month 3 onwards. 
Best-corrected visual acuity (BCVA; Early Treatment for Diabetic Retinopa-
thy Study charts) and CRT (optical coherence tomography) were assessed 
monthly.
Results: Injection volume doubled in 92% sham and 73/65% ranibizumab 
patients (6/10 mg/ml). Rescue treatment in 33% sham and 9% ranibizumab 
patients.Over 12-months, most frequent ocular adverse events (AEs): con-
junctival hemorrhage (14% sham, 23% ranibizumab); eye pain (20% sham, 
18% ranibizumab). Serious ocular AEs: 1 sham patient (retinal detachment), 
4 ranibizumab patients (endophthalmitis, transient retinal artery occlusion, 
peripheral retinal ischemia). Non-ocular arterial thromboembolic events: 2 
sham and 3 ranibizumab (10 mg/ml) patients. Mean BCVA increased and 
mean CRT decreased continuously over time in ranibizumab patients. Mean 
change in BCVA from baseline to Month 12 was -1.4 letters (sham) +11.8 
letters (6 mg/ml), +8.8 letters (10 mg/ml), and +10.3 letters (pooled ranibi-
zumab groups).
Conclusion: Safety of ranibizumab in DME was comparable to previous 
studies of neovascular age-related macular degeneration. Ranibizumab treat-
ment demonstrated superior efficacy to sham treatment in DME and was 
associated with continuous improvement in BCVA and CRT throughout 12 
months.
Supported by: Novartis Pharma
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Serum and adipose tissue adipokine concentrations are affected by  
non-esterified fatty-acids in healthy individuals
E.-M. Pichler1, D. Ikeoka1, C. Pachler1, J.K. Mader1, G. Bock1, E. Krusinova1, 
F. Feichtner2, G. Koehler1, T. Pieber1,2, M. Ellmerer1; 
1Internal Medicine, Medical University Graz, 2Joanneum Research, Graz, 
Austria.

Background and aims: Non-esterified fatty acids (NEFA) are implicated 
both in the development of insulin resistance and initiation of inflammatory 
pathways in different tissues. To the moment, the hypothesis of an interaction 
between NEFA and adipose tissue-derived cytokines in the genesis of insulin 
resistance was not tested in vivo. The aim of the present study was to investi-
gate the effect of experimentally elevated NEFA concentrations on cytokines 
measured in circulation and in interstitial fluid effluent from subcutaneous 
tissue of healthy volunteers.
Materials and methods: Ten healthy volunteers were randomly assigned 
to two subsequent experiments, either receiving continuous venous lipid-
heparin infusion or saline during 28 hours. Two open-flow microperfusion 
(OFM) catheters were inserted in the subcutaneous adipose tissue (SAT) of 
each volunteer for continuous sampling of interstitial fluid effluent. Blood 
samples were withdrawn concordantly. Effluent, plasma and serum samples 
were analyzed using a multiplexed ELISA system to measure the concentra-
tions of interleukins (IL) 6, 8, 10, tumor-necrosis factor alpha (TNF-alpha), 
adiponectin, C-reactive protein (CRP), plasminogen activator inhibitor-1 
(PAI-1) and macrophage chemoattractant protein-1 (MCP-1). NEFA, trig-
lycerides, glucose and insulin concentrations in blood were measured by vali-
dated methods in parallel.
Results: Plasma concentrations of triglycerides and NEFA were higher in the 
lipid-heparin infusion group. High levels of insulin (saline: 2.69±1.30µU/mL 
vs. lipid-heparin: 4.78±3.2µU/mL; p<0.05), glucose (saline: 86±8mg/dL vs. 
lipid heparin: 94±8mg/dL; p<0.05) and the calculated HOMA-R index (sa-
line 0.40±0.06 vs. lipid-heparin 0.57±0.09; p=0.03) indicated lower insulin 
sensitivity during lipid infusion. Distinct time-profiles were observed for cy-
tokines measured in SAT effluent samples. IL-10 concentrations were higher 
in the control intervention in comparison to lipid infusion during the last 4 
hours (saline: 449.2±105.9 vs. lipid-heparin: 65.4±15.4pg/ml; p=0.02). PAI-
1 (saline: 67.8±15.6ng/mL vs. lipid-heparin: 77.2±15.1ng/mL; p<0.01) and 
MCP-1 (saline: 160.1±40.2pg/mL vs. lipid-heparin: 211.7±48.8; p<0.001) 
were substantially higher during the lipid experiment in serum. Adiponec-
tin also presented a slight increase during lipid-heparin infusion (treatment 
effect: p=0.03; saline: 7.9±0.8 vs. lipid-heparin: 8.5±1.0mg/l). No additional 
differences in terms of cytokine concentrations were observed.
Conclusion: Elevated concentrations of NEFA promote a systemic pro-in-
flammatory response and a depressed anti-inflammatory response in SAT. 
These effects might contribute for the development of insulin resistance in 
conditions where NEFA is elevated in plasma, such as in obese and type-2-
diabetic patients. The increase of adiponectin in serum might be interpreted 
as a counter-regulatory response.
Supported by: Survive-ICU MIF1-CT-2005-007838
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Skeletal muscle fatty acid handling in the pre-diabetic state
C.C.M. Moors1, G.H. Goossens1, N.J. van der Zijl2, M. Diamant2, E.E. Blaak1; 
1Human Biology, University of Maastricht, 2Endocrinology/Diabetes Center, 
VU University Medical Center, Amsterdam, Netherlands.

Background and aims: Already in the pre-diabetic state, fat storage in non-
adipose tissues, such as skeletal muscle, is increased and associated with 
insulin resistance (“lipid overflow” hypothesis). When the uptake of free 
fatty acids (FFA) or triacylglycerol (TAG) exceeds the capacity or the need to 
oxidize fat in skeletal muscle the fatty acids are stored, leading to ectopic fat 
accumulation. Therefore, the aim of the present study was to examine fast-
ing and postprandial skeletal muscle fatty acid handling in subjects with im-
paired fasting glucose (IFG), impaired glucose tolerance (IGT) (combined or 
not combined with IFG), compared to normal glucose tolerance (NGT).
Materials and methods: 6 NGT (age 55.0±3.0yrs, BMI 32.3±0.9 kg/m2), 14 
IFG (age 60.3±1.5yrs, BMI 29.5±1.0 kg/m2), 12 IGT (age 58.0±1.9yrs, BMI 
32.0±1.2 kg/m2) male and female subjects were included. During fasting and 

after ingestion of a standardized high fat mixed meal (2.6 MJ,61% of total 
energy content of fat), skeletal muscle fatty acid handling was examined by 
measuring arterio-venous differences across forearm muscle in combination 
with measurements of forearm blood flow using venous occlusion plethys-
mography. Insulin sensitivity (IS) was determined using the hyperinsuline-
mic-euglycemic clamp.
Results: IS was lower in IFG and IGT compared to NGT (4.3±0.5, 4.2±0.6 and 
10.7±0.9 mg·kg-1·min-1 respectively, ANOVA p<0.001; Bonferroni p<0.001 
for IFG and IGT vs NGT). Arterial TAG concentrations increased more 
in the early postprandial state (0-2h) in IFG (iAUC=265.5±32.3 mmol·L-

1·min-1) and IGT (iAUC=294.1±58.9 mmol·L-1·min-1) compared to NGT 
(iAUC=82.6±13.8 mmol·L-1·min-1), (ANOVA p=0.02; Bonferroni p=0.06 and 
p=0.03 respectively). Furthermore, despite the consistently higher insulin 
concentrations in IFG and IGT compared to NGT (ANOVA p=0.03; Bon-
ferroni p=0.03 and p=0.08 respectively), net forearm muscle glucose uptake 
was not significantly different between groups, suggesting skeletal muscle 
insulin resistance in pre-diabetic subjects. In addition, postprandial FFA 
uptake across the forearm muscle was less suppressed in IFG compared to 
IGT (ANOVA p=0.04; Bonferroni p=0.04) in the mid postprandial state (2-
4h). TAG extraction across the forearm muscle in the early postprandial state 
(0-2h) was increased in IFG (AUC=57.7±11.2 nmol·100ml-1·min-1) and IGT 
(AUC=70.7±20.0 nmol·100ml-1·min-1) compared to NGT (AUC=3.8±15.4 
nmol·100ml-1·min-1), (ANOVA p=0.06; Bonferroni p=0.04 and 0.07 respec-
tively).
Conclusion: No differences between IFG and IGT were found in whole body 
and skeletal muscle IS (when compared to NGT). Postprandial TAG extrac-
tion across the forearm muscle was higher in subjects with IFG and IGT com-
pared to NGT subjects, which may lead to fat accumulation in skeletal muscle 
and consequently, decreased insulin sensitivity in the pre-diabetic state.

63
Non-esterified fatty acids dynamics during an oral glucose tolerance test 
in women with a history of gestational diabetes
A. Tura1, G. Di Benedetto2, U. Morbiducci2, Y. Winhofer3, F. Montevecchi2, 
G. Pacini1, M. Roden4, A. Kautzky-Willer3; 
1Institute of Biomedical Engineering, CNR, Padova, Italy, 2Department of 
Mechanics, Politecnico di Torino, Italy, 3Clinic of Internal Medicine III, 
Medical University of Vienna, Austria, 4Institute for Clinical Diabetology, 
German Diabetes Center, Düsseldorf, Germany.

Background and aims: Elevation in non-esterified fatty acids (NEFA) has 
been shown to modulate insulin secretion and to be a risk factor for the de-
velopment of type 2 diabetes. Since women with former gestational diabetes 
(fGDM) are at increased risk of diabetes, in this population we studied NEFA 
kinetics and its relationships with insulin during an oral glucose tolerance 
tests (OGTT).
Materials and methods: We analyzed 122 3h-OGTT of non-diabetic fGDM 
women (age=34.9±0.4 years (mean±SE); body mass index, BMI=26.6±0.5 
kg/m2, fasting glucose, Gb=5.13±0.09 mmol/l), compared to those of 19 
healthy women after normal pregnancy, CNT (age=28.8±1.1, BMI=22.7±0.8, 
Gb=4.55±0.07). Glucose, insulin and NEFA were frequently measured during 
OGTT. We computed the OGTT area under the curve of insulin (AUCINS) 
and NEFA (AUCNEFA). Through mathematical modeling, we assessed param-
eters of NEFA kinetics: the sensitivity of lipolysis inhibition to suprabasal in-
sulin variations, SNEFA, and the fractional NEFA turnover rate, KNEFA. Univari-
ate regression analysis was performed between some parameters. ANOVA on 
log-transformed parameter values was used to assess differences in the two 
groups (P<0.05 statistically significant).
Results: fGDM women were slightly older and had higher BMI than CNT 
women. Glycemic levels were higher in fGDM, both at basal and at 120 min 
(not shown). NEFA at basal, NEFAb, was not different in the two groups 
(538±19 µmol/l fGDM, 508±44 CNT), while basal insulin was higher in 
fGDM (Ib=62.4±2.7 pmol/l vs. 45.2±4.1 of CNT, P<0.008). After the glucose 
load, AUCNEFA was higher in fGDM (29.3±1.4 mmol/l min vs. 22.0±1.6 of 
CNT, P<0.04). NEFA curves during the OGTT are reported in the Figure 
(solid line: fGDM; dashed line: CNT). Also insulin levels were higher in 
fGDM (AUCINS=57.5±3.1 nmol/l min vs. 31.6±3.4 of CNT, P<0.0001). NEFA 
kinetic parameters were lower in fGDM: SNEFA=2.3±0.3·10-2 ml/µU vs. 2.9±0.6 
of CNT, P<0.04; KNEFA=4.9±0.2·10-2 min-1 vs. 7.6±1.3 of CNT, P<0.005. In 
fGDM women regression analysis showed a significant but very weak rela-
tionship between NEFAb and Ib (R=0.25, P<0.005), as well as between AUC-
NEFA and AUCINS (R=0.19, P<0.03). 
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Conclusion: A limited number of investigations assessed NEFA in fGDM 
women and no study performed detailed analysis of NEFA kinetics during 
an OGTT based on sophisticated modeling. NEFA levels were found higher 
in fGDM than in CNT, despite the fact that insulin, which has an inhibitory 
effect on NEFA production, was higher in fGDM: in fact, these women exhib-
ited lower sensitivity to insulin of lipolysis inhibition (SNEFA) and lower NEFA 
turnover (KNEFA), which can be further signs of early metabolic derangements 
in a population at risk for diabetes.

Supported by: Austrian Nationalbank Jubiläumsfonds
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Ursodesoxycholic acid (UDCA) promotes the hepatic oxidation of free-
fatty acids in Zucker fatty rats
P.M. Nunes, J.G. Jones, C.M. Palmeira, R.A. Carvalho; 
Center for Neurosciences and Cell Biology, Coimbra, Portugal.

Background and aims: Ursodesoxycholic Acid (UDCA) is a natural bile acid 
commonly used to improve liver function in diseased livers by protecting mi-
tochondrial membranes and avoiding their functional disruption. Its benefi-
cial effects include decrease of hepatic triglyceride (HTG) levels hence it may 
have potential for treatment of non alcoholic fatty liver disease (NAFLD). On 
the basis that UDCA improves several aspects of mitochondrial function, we 
hypothesized that it reduces HTG accumulation by promoting the mitochon-
drial oxidation of non-esterified fatty acids (NEFA).
To test this hypothesis, we quantified mitochondrial oxidation of NEFA rela-
tive to non-fat substrates (pyruvate/lactate) and endogenous sources in Zuck-
er Fatty Rats - a model of NAFL. UDCA action was studied either in Zucker 
and normal Wistar Rats.
Materials and methods: Male Zucker rats were maintained on a standard 
diet with (ZF+UDCA) or without (ZF) the UDCA (15mg/Kg) daily treat-
ment for 4 weeks. Control groups were also maintained under the same 
conditions with (Ctrl+UDCA) or without the UDCA treatment. After 24h 
of fasting, livers were isolated and perfused with a Krebs-Henseleit buffer 
containing 0.2mM of [U-13C]long-chain fatty-acids bound to albumin, 0.1 
mM [3-13C]pyruvate and 1mM [3-13C]lactate for 30 minutes. Oxidation of 
these exogenous 13C-labeled substrates and unlabeled endogenous sources 
were assessed by determining their fractional contributions to the mito-
chondrial acetyl-CoA pool. For this, livers were freeze clamped and soluble 
metabolites extracted with perchloric acid. 13C-enrichment of the hepatic 
Krebs cycle and acetyl-CoA pools were determined by 13C NMR analysis of 
hepatic glutamate 13C isotopomers and the fractional contributions of ex-
ogenous and endogenous substrates to the mitochondrial acetyl-CoA pool 
was determined by a metabolic model relating 13C-isotopomer distributions 
to acetyl-CoA sources. With this model, acetyl-CoA sources are resolved 
as follows: [1,2-13C]acetyl-CoA, reflecting the oxidation of exogenous [U-
13C]fatty acids; [2-13C]acetyl CoA, reflecting oxidation of exogenous pyru-
vate/lactate, and unlabeled acetyl-CoA, reflecting the oxidation of unlabeled 
endogenous substrates.
Results: ZF rats exhibited a weaker capacity for NEFA oxidation, with only 23 
± 5% of acetyl-CoA derived from NEFA compared to Ctrl rats with 44 ± 3%. 
The contribution of exogenous pyruvate/lactate was residual in both control 
and ZF (3 ± 1% and 4 ± 1%, respectively) reflecting low PDH activity of the 
fasted liver. For the ZF rats, UDCA treatment caused a significant increase in 
the fraction of acetyl-CoA derived from oxidation of exogenous NEFA (46 ± 

6% in UDCA-treated rats vs 23 ± 5% for untreated rats, p < 0.05). UDCA also 
increased acetyl-CoA recruitment from NEFA in Ctrl rats (53 ± 6% UDCA 
vs 44 ± 3% untreated, p=0.06). These increases were not accompanied by sig-
nificant changes in exogenous pyruvate/lactate contributions but were related 
to significant reduction in the contribution of endogenous sources to acetyl-
CoA (45± 8% ZF+UDCA vs 71 ± 4% in ZF; 40± 5% Ctrl+UDCA vs 53 ± 3% 
in Ctrl).
Conclusion: UDCA promoted the recruitment of NEFA for mitochondrial 
β-oxidation in a rat model of NAFLD. UDCA increased the recruitment of 
acetyl-CoA from NEFA over endogenous triglycerides suggesting that its site 
of action is downstream of lipolysis at the level of mitochondrial fatty acid 
oxidation.
Supported by: FCT grant: POCI/SAU-NEU/56098/2004
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Osteopontin deficiency prevents obesity-associated hepatic steatosis and 
insulin resistance
F.W. Kiefer1, M. Zeyda1, S. Neschen2, K. Gollinger1, B. Pfau1, A. Neuhofer1, 
T. Weichhart3, L. Kenner4, T.M. Stulnig1; 
1Dept. of Internal Medicine III, Clin. Division of Endocrinology 
and Metabolism, Medical University of Vienna, Austria, 2Institute of 
Experimental Genetics, German Research Center for Environmental Health, 
Munich, Germany, 3Dept. Internal Medicine III, Medical University Vienna, 
Clin. Division of Nephrology and Dialysis, Vienna, Austria, 4Dept. of 
Pathology, Medical University of Vienna, Austria.

Background and aims: Obesity is a major risk factor for the development of 
hepatic steatosis and insulin resistance. The chronic low grade inflammation 
associated with obesity as evidenced by increased systemic concentrations 
of inflammatory markers probably represents a crucial link between obesity 
and insulin resistance. Osteopontin (OPN) is an inflammatory cytokine, the 
expression of which is strongly upregulated in adipose tissue and liver upon 
obesity. OPN has recently been linked to diet-induced adipose tissue inflam-
mation but the role of OPN in hepatic inflammation and insulin sensitivity is 
still elusive. This study aimed at investigating the impact of OPN in obesity-
associated alterations of the liver.
Materials and methods: OPN deficient mice (OPN-/-) and wild-type (WT) 
littermates were fed a high-fat diet (HF) for six months to induce obesity 
followed by euglycemic-hyperinsulinemic clamp testing. Hepatic triglyceride 
content, alanine aminotransferase and gene expression were measured by en-
zymatic tests and quantitative real-time PCR, respectively.
Results: Obese OPN-/- mice displayed markedly improved insulin sensitivity 
and suppression of hepatic glucose production compared with WT controls. 
Hepatic steatosis was significantly reduced in obese OPN-/- compared to 
WT mice as assessed by histological analysis and liver triglyceride content. 
Moreover, plasma alanine aminotransferase concentrations were lower in 
mice lacking OPN compared to WT animals. Hepatic gene expression of the 
lipogenic transcription factor sterol regulatory element-binding protein-1c, 
of the inflammatory cytokines TNF-α and TGF-β and of the gluconeogenic 
enzyme glucose-6-phophatase was significantly downregulated by OPN de-
ficiency.
Conclusion: These findings indicate a critical role of OPN in the pathogenesis 
of obesity-induced hepatic steatosis and insulin resistance. Hence, targeting 
OPN could provide a novel therapeutic approach to prevent obesity-associ-
ated metabolic disorders including hepatic steatosis and type 2 diabetes.
Supported by: Austrian Science Fund and as part of CCHD doctoral program 
(both to T.M.S.)
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Contribution of intra-abdominal and liver fat to components of the 
metabolic syndrome
K. Sevastianova1, A. Kotronen1, H. Yki-Järvinen1, R. Bergholm1, A. 
Hakkarainen1, K.H. Pietiläinen1, L. Juurinen1, N. Lundbom1, T.I.A. 
Sorensen2; 
1University of Helsinki, Finland, 2Copenhagen University Hospitals, 
Denmark.

Background and aims: The contribution of liver vs. intra-abdominal (IA) fat 
to components of the metabolic syndrome cannot be studied invasively in 
humans. IA fat could be important independent of liver fat. Second, it might 
be merely an innocent bystander playing little or no role, while liver fat would 
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be the critical factor. Third, IA and liver fat could contribute to variation in 
components of the metabolic syndrome independent of each other. We ex-
plored these three possibilities in a large group of subjects in which IA and 
liver fat were determined by state-of-the-art techniques.
Materials and methods: We studied 356 subjects (mean age 42 yrs, mean 
BMI 29.7 kg/m2) in whom liver fat (proton magnetic resonance spectros-
copy), IA fat (MRI), and features of insulin resistance were measured.
Results: IA and liver fat contents were closely correlated (r=0.65, p<0.0001). 
In multivariate linear regression analyses, liver fat explained variation in fast-
ing serum (fS) triglyceride, fS-HDL cholesterol, fasting plasma (fP) glucose, 
fS-insulin, and liver enzyme concentrations (alanine and aspartate ami-
notransferaces) independent of age, gender, subcutaneous fat, and/or lean 
body mass (LBM). The same was true when liver fat was replaced by IA fat. 
In multivariate linear regression analyses including both liver and IA fat, liver 
and IA fat independent of each other explained variation in fS-triglyceride, 
fS-HDL cholesterol, and fS-insulin concentrations independent of age, gen-
der, subcutaneous fat and LBM. In similar models, only liver fat was an in-
dependent predictor of fP-glucose and liver enzymes. Subcutaneous fat, i.e. 
overall obesity, and age explained variation in blood pressure.
Conclusion: Both IA and liver fat independently contribute to variation in 
serum triglyceride, HDL cholesterol, and insulin concentrations, thus sup-
porting the idea that both fat depots independently contribute to compo-
nents of the metabolic syndrome. Liver, but not IA fat, also independently 
explained variation in fasting glucose and liver enzyme concentrations. Age 
and overall obesity but neither liver not IA fat explained variation in blood 
pressure.
Supported by: Academy of Finland, the Sigrid Juselius Foundation, HEPADIP 
(EU FP6 programme)

OP 12 Protecting beta cell mass and 
function
67
Evaluation of the effect of GLP-1 receptor activation on ER stress 
mediated beta cell damage in Akita mice
S. Yamane1, Y. Hamamoto1, N. Harada1, K. Toyoda1, Y. Seino2, N. Inagaki1; 
1Department of Diabetes and Clinical Nutrition, Kyoto University Graduate 
School of Medicine, 2Kansai Electric Power Hospital, Osaka, Japan.

Background and aims: Recent studies have revealed that the ER stress is 
one of the causes of β-cell damage in diabetes. On the other hand, several 
researchers have reported the cytoprotective effect of exendin-4(Ex-4) on β-
cell. Last year, we have shown in vivo effects of Ex-4 on pancreatic β-cell in 
Akita mice, an animal model of ER stress-mediated diabetes. In this report, 
we further investigated the underlying mechanism by which Ex-4 treatment 
can attenuate ER stress-mediated β-cell damage.
Materials and methods: To exclude the possibility that the effects of Ex-4 
on β-cell is through the decreased blood glucose level, we made three groups 
of animals treated with Ex-4, PBS, and phlorizin, a sodium-coupled glucose 
transporter inhibitor which decreases blood glucose levels without increasing 
insulin. The mice were given twice daily intraperitoneal injections of Ex-4 
(24nmol/kg), phlorizin (0.3g/kg), or PBS for 2 weeks (from 3 to 5 weeks of 
age). Plasma glucose levels were measured every third day and pancreas sam-
ples from each animal groups were then obtained at 5 weeks of age for the 
histological evaluation, and islets were also isolated for RNA extraction. The 
differences of insulin-immunopositive areas and the numbers of cells exhibit-
ing both nuclear CHOP and cytoplasmic insulin immunopositivity between 
the groups were determined by the staining with anti-CHOP and with anti-
insulin antibodies,respectively. We also evaluated the effect of Ex-4 treatment 
on β-cell replication and apoptosis histologically by Proliferating cell nuclear 
antigen (PCNA) staining and TdT-mediated dUTP-biotin nick-end labeling 
(TUNEL) staining, respectively. Additionally, mRNA expression level of the 
CHOP was assessed by real-time quantitative RT-PCR. 
Results: Ex-4 treatment significantly reduced blood glucose levels, but there 
was no significant difference in body weight between Ex-4-treated group and 
PBS-treated group. Immunohistochemical examination indicated an increase 
in insulin-positive areas in the islets in Ex-4-treated group compared with 
PBS-treated group. In contrast, we could not find any difference in insulin-
positive areas between PBS-treated group and phlorizin-treated group whose 
glucose levels were identical to those of Ex-4-treated group. Furthermore, 
treatment of Akita mice with Ex-4 resulted in significant decrease in the 
number of CHOP-positive β-cells and TUNEL-positive β-cells adjusted by 
β-cell area,while there was no significant difference in the number of CHOP-
positive or TUNEL-positive β-cells between PBS-treated group and phlorizin 
-treated group. In PCNA staining, we could not find significant difference 
in proliferation of β-cells between the three groups but Ex-4 treatment con-
siderably increased the number of PCNA-positive β-cells compared to the 
other two groups. Ex-4 treatment significantly lowered the mRNA expression 
levels of CHOP, whereas there was no significant difference in the mRNA 
expression levels of CHOP between phlorizin-treated group and PBS-treated 
group.
Conclusion: Our data suggest that Ex-4 treatment can attenuate ER stress-
mediated β-cell damage through the reduction of apoptotic cell death, par-
tially through the promotion of β-cell replication, and the in vivo effect of Ex-
4 on pancreatic β-cell is independent of the decreased blood glucose levels.

68
The once-daily human GLP-1 analogue liraglutide increases the beta cell 
mass in normoglycaemic mice by directly accelerating cell differentiation 
and proliferation
M. Shimoda; 
Kawasaki Medical School, Okayama, Japan.

Background and aims: GLP-1 increases pancreatic β-cell mass by stimulat-
ing cell proliferation and inihibiting apoptosis. Previously, we demonstrated 
that liraglutide (LIRA) increases pancreatic β-cell mass in diabetic db/db 
mice through not only regulating cell kinetics as an acute effect but also sup-
pressing oxidative stress and endoplasmic reticulum (ER) stress by ameliorat-
ing glucolipotoxicity as a chronic effect. In this study, to further clarify the 
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proliferative effect of GLP-1 on pancreatic β-cell by eliminating the influence 
of dysmetabolism, we assessed the mode of action of LIRA on β-cell function 
and cell mass in the normoglycemic m/m mice model.
Materials and methods: Ten week-old male BKS.Cg-m +/m +/Jcl (m/m) 
mice recieved LIRA (0.2mg/kg twice daily s.c.) or vehicle (control) for 2 
weeks. Body weight (BW), fasted blood glucose (FBG), insulin (FIRI), and 
triglyceride (TG) were measured before and after LIRA intervention. The β-
cell mass and cell proliferation/apoptosis was assessed by histological analy-
sis including proliferating cell number antigen (PCNA), 4-hydroxynonenal 
modified protein (4-HNE) immunostaining, and TUNEL assay of the islet 
tissue. Gene expressions specific for the core area of the pancreatic islets were 
analyzed by Laser Capture Microdissection method and real time RT-PCR. 
Primer pairs encoding genes associated with pancreatic hormones, cell pro-
liferation, apoptosis, cell cycle, ER and oxidative stress were prepared, and 
real-time PCR with Sybr Green was applied. Gene expression was quantified 
by the comparative Ct method with each result corrected by 18SrRNA quan-
tity. Glucose stimulated insulin secretion (GSIS) and the insulin content in 
islets were assessed after 2 weeks of intervention.
Results: Although food intake and BW were significantly lower in the LIRA 
group than in the control (food intake: 21.1±0.7 vs. 27.0±0.8 g, n=6 for each, 
p < 0.05, BW: 21.1±0.2 vs. 23.2±0.5 g, p < 0.01) after 2 weeks intervention, 
FBG, FIRI, and TG levels were similar between LIRA group and control 
group (glucose: 48±1.6 vs. 51±2.6 mg/dl, insulin: 0.4±0.1 vs. 0.3±0.1 ng/ml, 
TG: 142±5.2 vs. 156±10.9 mg/dl). The pancreatic β-cell mass was greater in 
LIRA treated mice than in the control (1.0±0.1 vs. 0.7±0.1 mg , p < 0.05, n=3 
for each). The PCNA-positive cells were increased in number by LIRA treat-
ment, but, there was no difference in 4-HNE immunostaining and TUNEL 
assay between two groups. The mRNA levels of Hlxb-9, NeuroD and ERK-1 
associated with cell differentiation/proliferation were significantly higher in 
LIRA treated mice than in controls. Gene expression of Hes-1 related to anti-
cell differentiation was down-regulated in LIRA-treated mice compared with 
controls. Gene expression of ER stress related XBP-1, anti-oxidative stress 
related catalase and GSHPx, and lipid synthesis associated SREBP-1c and FAS 
were not affected by 2 weeks of treatment with LIRA. The islet insulin content 
was greater in LIRA group than in controls (59.0±3.7 vs. 44.4±3.9 ng/ islet, p 
< 0.05). Furthermore, GSIS with 16.7mM glucose was greater in LIRA group 
than in controls (1.7±0.1 vs. 1.2±0.03 ng/ml/ islet, p < 0.01).
Conclusion: Liraglutide increases pancreatic β-cell mass through directly 
regulating cell differentiation and cell proliferation, and promotes β-cell re-
sponsiveness to glucose stimulation in normoglycemic model m/m mice.

69
Gene profiles of islets after combined treatment with sitagliptin and 
metformin in Zucker diabetic fatty rats
S. Han, S.-E. Choi, J. Jung, H. Kim, K. Lee, Y. Kang, D. Kim; 
Ajou University school of medicine, Suwon, Republic of Korea.

Background and aims: The combination of dipeptidyl peptidase IV (DPP- 
IV) inhibitor and metformin has been shown to be an efficient, safe and 
tolerable therapy for type 2 diabetes. However, the detailed mechanism of 
this combination therapy compared with mono therapy on beta cell was less 
known. The aim of this study was to investigate genes regulated after treat-
ment with one of DPP-IV inhibitors, sitagliptin and its combination with 
metformin by using c-DNA microarrary, when treatment begins before the 
development of overt diabetes.
Materials and methods: Nine-week-old ZDF rats which were randomly cho-
sen were divided into 4 groups and treated; control group, sitagliptin group 
(450mg/kg), metformin group (520mg/kg), and sitagliptin plus metformin 
group (300mg/kg+450mg/kg). After 5 weeks of treatment, oral glucose tol-
erance test and insulin tolerance test were performed; plasma active GLP-1 
level and c-DNA microarrary were assessed.
Results: Sitagliptin plus metformin group showed significant improvement 
in glucose tolerance test compared to sitagliptin group. As for insulin sen-
sitivity, there was no difference between combination group and either met-
formin group or sitagliptin group. Plasma active GLP-1 level was increased 
in sitagliptin plus metformin group compared to sitagliptin group. Sitagliptin 
plus metformin group upregulated genes involved in anti-apoptosis and pro-
liferation compared with sitagliptin or metformin group (Table 1).
Conclusion: We identified upregulated genes after combined treatment with 
sitagliptin and metformin compared with either metformin or sitagliptin 
treatment. These genes may be associated with additive effect of glucose con-
trol of combined treatment with sitagliptin and metformin.

Table 1. 
Genebank 
Accession No.

Gene Fold change
Sitagliptin Metformin Sitagliptin+ 

Metformin
NM_031535 Bcl2-like 1 1.044 1.905 3.111
NM_178866 Insulin-like growth 

factor 1
1.648 2.048 2.774

BM390560 Defender against cell 
death

3.250 2.945 4.277

NM_022274 Baculoviral IAP 
repeat-containing 
5(survivin)

2.423 1.785 2.914

BM986266 Clusterin 2.017 2.487 3.386
AF235993 Bcl2-associated X 

protein
2.339 2.272 2.344

NM_019305 Fibroblast growth 
factor 2

1.814 4.359 5.058

NM_020087 Notch gene homolog 
3(Drosophila)

2.716 3.151 3.587

NM_013109 Orthodenticle 
homolog 1 
(Drosophila)

2.473 2.797 4.604

BG377323 ELK1, member of 
ETS oncogene family

2.487 2.541 4.010

AI071874 Pleiotrophin 2.613 3.332 4.109
NM_031577 Growth hormone 

releasing hormone
4.677 2.330 7.471

NM_032075 Growth hormone 
secretagogue receptor

7.183 4.434 9.349

Supported by: Merck & Co.
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The direct effects of DPP-4 inhibition on isolated human islets include 
protection from glucotoxicity
V. D’Aleo1, S. Del Guerra2, F. Filipponi3, U. Boggi4, P. Marchetti5, R. Lupi2; 
1Department of Endocrinology and Metabolism, Metabolic Unit, 
2Department of Endocrinology and Metabolism, Metabolic Unit “Renzo 
Navalesi”, 3Department of Liver Transplantation, General Surgery and 
Liver Transplantation Unit, 4Department of Oncology, Transplantation and 
Advanced Technologies in Medicine, Division of Surgery in Uremic and 
Diabetic Patient, 5Department of Endocrinology and Metabolism, Division 
of Endocrinology and Metabolism of organ and cellular transplantation, 
Pisa, Italy.

Background and aims: Glucagon-like peptide-1 (GLP-1) is an important physi-
ological incretin secreted from the intestinal L-cells after pro-glucagon cleavage 
by pro-convertase (PC)-1/3 and rapidly degraded by DPP-IV. We have recently 
observed that GLP-1 is present in human pancreatic islets, with differences in 
the case of type 2 diabetes. The aim of the present study was to evaluate the direct 
effects of DPP-IV inhibition on several features of isolated human islets. 
Materials and methods: Islets were prepared from the pancreas of 6 mul-
tiorgan donors (4 females/2 males; age, 56±20 yrs; body mass index, BMI, 
25.6±3.3 kg/m2) and then incubated for 24h in M199 culture medium, in the 
presence of 5.5 (g) or 22.2 (G) mmol/l glucose, without (g- and G-) or with 
(g+ and G+) the addition of 0.1 nmol/l DPP-IV inhibitor (ILE-PRO-ILE, re-
placed after 12 h). Then, GLP-1 active form was measured in islets incubation 
medium by radioimmunoassay, insulin release in response to acute glucose 
stimulation was assessed by IRMA and expressed as stimulation index (SI), 
and gene expression studies were performed by quantitative RT-PCR.
Results: Active GLP-1 peptide was detected in islets incubation medium, 
and co-culture with the DPP-IV inhibitor significantly (p2-fold), in par-
ticular at G+ culture condition. SI was 3.2±0.35 at g- and decreased to 
1.6±0.07 at G- (p<0.01). The presence of the inhibitor ameliorated SI in G+ 
(2.15±0.06, p<0.01 vs G-). Gene expression studies showed that G- caused a 
marked reduction of insulin, GLUT2 and glucokinase transcription and no 
major change of GLP-1 receptor. At G+, and in comparison with G-, DPP-
IV inhibition significantly (p<0.01) increased insulin (+356±76%), GLUT2 
(+334±86%), glucokinase (+342±45%) and GLP-1 receptor (+423±82%).
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Conclusion: In conclusion, these results show that DPP-IV inhibition exerts 
a protective effect directly on islets exposed to high glucose, possibly medi-
ated by an increased availability of intact GLP-1.

71
Prevention of islet of Langerhans degeneration with rosiglitazone: 
demonstration of a novel automated image analysis approach with dual 
insulin and collagen immunohistochemistry
H.B. Jones, A.L. Bigley, K.J. Randall; 
Pathology Department, Astrazeneca Pharmaceuticals, Macclesfield, United 
Kingdom.

Background and aims: The search for small molecule therapies of diabetes 
often involves an understanding of their potential for reducing the islet of 
Langerhans degeneration rate. Following Rosiglitazone administration to 
male obese ZDF rats, islet degeneration is substantially reduced. We used 
this model to validate a technique of dual insulin/ collagen immunohisto-
chemistry (IHC) with automated image analysis to assess drug-induced islet 
alterations.
Materials and methods: Obese ZDF rats were randomised prior to either 
daily gavage dosing with 3 mg/kg/day Rosiglitazone for 24 days or given ve-
hicle only. Lean ZDF rats received vehicle only. Animals were terminated, the 
pancreas fixed in formalin, processed into paraffin wax and sections stained 
with either H&E for histopathological assessment or dual IHC stained with 
insulin or collagens1 and 3 antibodies using peroxidase and alkaline phos-
phatase techniques respectively and imaged on the Aperio scanscope. Stored 
images were automatically analysed by an in-house designed rule set using 
Definiens Developer software. The programme created subsets of islets from 
a reduced resolution image of the pancreatic sample, followed by high resolu-
tion analysis of islet subsets to assess relative numerical data representative 
of morphological changes observed in size and shape of islets and associated 
distribution of beta cell insulin and fibrosis. Parameters measured included: 
area of insulin, islet-associated collagen and islet area, the number of beta cell 
and islet cell nuclei, intensity of insulin and an islet shape factor.
Results: Lean ZDF islets were comparable to those of non-diabetic rat strains. 
Obese ZDF rat islets showed β cell vacuolation, degeneration and apoptosis 
with associated mononuclear inflammatory cell infiltration and fibrosis. Dual 
insulin/collagen IHC revealed brown-stained β cells in centrally located clus-
ters within islets and red-stained collagen adjacent to blood vessels, exocrine 
ducts and within and around islets. Insulin staining was heterogeneous and 
pale compared with lean ZDFs. Islets of obese ZDF Rosiglitazone treated rats 
resembled more those of lean ZDFs and showed reductions in both β cell 
degenerative changes and inflammation/fibrosis. When compared to obese 
control rats, reductions in collagen (506±991 vs 769±1588 pixels2 p<0.0008) 
and islet cell areas (42790±30570 vs 71800±75130 pixels2 p<0.003) were seen 
in Rosiglitazone treated rats. Beta cell numbers remained unchanged in the 
3 groups. The islet cell population was reduced in Rosiglitazone treated rats 
compared to obese controls (total islet nuclei, 303±191 vs 480±437 p<0.002) 
due to reduced interstitial tissue. The degree of insulin and collagen staining 
varied between groups and individual islets depending on animal strain and 
drug treatment.
Conclusion: Islets of lean and obese ZDF rats were characterised using com-
bined β cell and collagen IHC. Lean ZDF islets showed intense insulin stain-
ing and minimal collagen whilst obese ZDFs had increased β cell separation, 
heterogeneous insulin staining and increased fibrosis. Islets of obese ZDFs 
given Rosiglitazone for 24 days resembled more those of lean ZDFs. Future 
applications will focus on reparative effects of novel anti-diabetic therapeutic 
agents.

72
The SGLT2 inhibitor dapagliflozin prevents the disruption of pancreatic 
islet morphology in the high fat-fed-female ZDF rat
J.E. Peel1, R.F. Macdonald2, L. Westgate2, H.B. Jones2, S.M. Poucher2,  
R.M. Mayers2, J. Whaley3; 
1Advanced Science and Technology, AstraZeneca, Loughborough, United 
Kingdom, 2CVGI Discovery and Pathology, AstraZeneca, Cheshire, United 
Kingdom, 3Diabetes Drug Discovery, Bristol-Myers Squibb, Princeton, 
United States.

Background and aims: Dapagliflozin is a potent, selective inhibitor of the 
renal sodium-glucose co-transporter 2. Previous studies have demonstrated 
dapagliflozin reduces blood glucose in rodent models of hyperglycaemia in 

association with urinary glucose excretion. We have investigated whether 
improved glycaemic control with dapagliflozin can prevent the disruption of 
pancreatic islet morphology observed in obese female Zucker diabetic fatty 
(ZDF) rats following high fat feeding.
Materials and methods: Following randomisation on body weight and blood 
glucose, ZDF rats (7-8 weeks of age) were placed on a high-fat diet (48% 
kcal), and dosed with either dapagliflozin (1mg/kg/day, p.o, n=14) or vehicle 
(n=14) for up to 34 days. Lean, chow fed ZDF rats (n=14) were vehicle dosed. 
On day 34, 48 hours after the final dose of dapagliflozin, paraffin embedded 
formalin fixed pancreatic sections were fluorescently labeled from a cohort of 
animals (n=7 / group). Automated imaging systems and Definiens analysis 
software were used to image and measure β-cell mass and islet morphologi-
cal changes. Islet morphological changes were measured by calculating the 
degree of scattering of β-cells within islets and normalising this to the total 
area of insulin staining within the image.
Results: On day 24, blood glucose (BG) and glycated haemoglobin (GHb) 
levels in the dapagliflozin treated group were significantly reduced compared 
with obese vehicle controls (BG, 8.7±0.46mM vs 13.4± 1.34mM p<0.005; 
GHb, 3.4±0.17% vs 4.8±0.4% p<0.01). This is consistent with the improve-
ment in glucose homeostasis seen in previous studies. By day 34 fasting 
plasma insulin (I) and triglyceride (TG) concentrations were also reduced 
in obese dapagliflozin treated animals compared to obese vehicle controls (I, 
483±81pM vs1101±134pM, p≤0.001; TG, 7.1±0.2mM vs 10.8±1.1mM,p≤0.01 
respectively). Τhe β-cell mass in the lean, obese vehicle and dapagliflozin 
obese groups were 0.68+/-0.11%, 1.15+/-0.33% (ns vs lean) and 1.49+/-0.16% 
(P<0.002 vs lean) of total cell count, respectively. Dapagliflozin resulted in 
marked, quantifiable improvement of islet morphology assessment by 2.3 
fold+/-0.45 (p<0.05) compared with the obese vehicle control group. The in-
sulin staining intensity of islets post dapagliflozin treatment was also elevated 
(2.2 fold+/-0.2 p<0.05) relative to obese vehicle animals to the extent that 
there is no observable difference between these and the lean animal group. 
Histopathological assessment of pancreatic sections also showed islet char-
acteristics in obese dapagliflozin groups similar to those seen in lean vehicle 
controls ie. substantial reductions in β-cell degeneration, vacuolation and is-
let inflammation/fibrosis.
Conclusion: These data suggest that, by inducing renal glucose excretion, da-
pagliflozin treatment not only improved glycaemic control, it also prevented 
the marked disruption of pancreatic islet morphology affecting β-cells, which 
is a characteristic of ZDF rats.
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OP 13 Type 2 diabetes mellitus 
genetics and genomics
73
Genome-wide association meta-analysis and replication involving 
141,547 individuals of European descent identifies further loci 
influencing type 2 diabetes risk
M.I. McCarthy, for the Diabetes Genetics Replication And Meta-analysis 
(DIAGRAM) Consortium; 
University of Oxford, Headington, United Kingdom.

Background and aims: Genome-wide association (GWA) studies have pro-
vided novel insights into the biology of T2D and glucose homeostasis, with 
close to 20 confirmed T2D-susceptibility loci to date. The DIAGRAM con-
sortium has extended previous GWA meta-analyses and replication efforts to 
identify additional loci influencing T2D susceptibility in European-descent 
samples.
Materials and methods: We combined high-density GWA data from 8 stud-
ies: DECODE (Iceland), DGDG (French), DGI (Sweden/Finland), ERGO 
(Netherlands), EUROSPAN (isolates from UK; Croatia; Netherlands; Italy); 
FUSION (Finland), KORA (Germany) and the WTCCC (UK) using standard 
meta-analysis approaches. These stage 1 samples included 8,130 cases and 
38,987 controls (effective sample size 22,570). After setting aside 17 previ-
ously-proven associations, lead SNPs representing the 25 next strongest as-
sociations (all p<10-5 on meta-analysis) were followed-up through de novo 
genotyping in 13 studies (Steno [Denmark], DGDG2 [French], DGI_GCIP 
[Poland], DGI_GCIUS [US], DGI_MALMO [Sweden], DUNDEE [UK], 
ERGO_DIAGENE [Netherlands], KORA [Germany], ULM [Germany], 
W2C_UKBS [UK], HUNT [Norway], METSIM [Finland] and FUSION2 
[Finland]) and in silico analyses in ARIC and NHS [both US]. The maximum 
effective sample size of the stage 2 samples was 82,364.
Results: Of the 25 signals for which replication was attempted, 23 (binomial 
p=1.6x10-6) showed consistent direction of effect in the follow-up samples, 
and 18 stage 2 association p values were nominally-significant as well as di-
rectionally-consistent (p<0.05). When stage 1 and stage 2 data were com-
bined (fixed-effects meta-analysis), 9 SNPs generated association P-values 
consistent with genome-wide significance (p-values from 1.9x10-8 to 6.7x10-

17). Three of these represent signals (near MTNR1B, IRS1 and KCNQ1) for 
which there is already overwhelming evidence of T2D-susceptibility effects. 
One (rs243021 in BCL11A) has been the subject of previous reports of associ-
ation but now reaches genome-wide significance for the first time (1.1x10-13). 
The remaining five signals (which map to chromosomes 5, 7, 8, 11, and 12) 
represent entirely novel T2D-susceptibility loci (point estimates of effect size 
ranging from 1.07-1.13). The recombination intervals within which these 5 
novel signals lie encompass the coding regions of at least 25 genes (range 1-9) 
encoding multiple members of the phosphodiesterase and carboxypeptidase 
gene families and other proteins of potential relevance to diabetes pathogen-
esis.
Conclusion: Our findings provide compelling evidence for six novel T2D-
susceptibility loci and bring the number of regions known to confer risk for 
T2D in European populations to 26. The ongoing efforts of the DIAGRAM 
consortium are directed towards systematic follow-up of these data, includ-
ing deeper follow-up, fine-mapping to identify the causal variants and func-
tional studies to develop insights into the pathophysiology of diabetes. We 
also plan to extend these meta-analyses and replication efforts to non-Euro-
pean-descent populations.
Supported by: multiple including Wellcome Trust, MRC, NIDDK, EU and 
many others
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Genome wide analysis of African American type 2 diabetes
D.W. Bowden1, N.P. Allred1, M.C. Ng1, C.D. Langefeld2, B.I. Freedman3; 
1Center for Diabetes Research, 2Biostatistical Sciences, 3Internal Medicine, 
Wake Forest University School of Medicine, Winston-Salem, NC, United 
States.

Over 3.2 million African Americans have type 2 diabetes (T2DM). This rep-
resents approximately 13.3% of the African American population and a sig-
nificant proportion of the 20.8 million Americans believed to be living with 
diabetes. On average, an African American is twice as likely to have T2DM 

as a European American peer. We have carried out both gene-targeted and 
Genome Wide Association Studies (GWAS) of African American T2DM ge-
netics in samples of T2DM-affected cases and non-diabetic controls recruited 
from the southeastern portion of the United States. African Americans are 
an admixed population and admixture in these studies was estimated based 
on 70 Ancestry Informative Markers genotyped on all DNA samples. Taking 
advantage of the LD structure of African-derived chromosomes, we have lo-
calized TCF7L2 association with T2DM to a 4kb LD block. With resequenc-
ing of this block in 96 African American DNAs we identified 35 novel and 14 
known SNPs which were genotyped in 1033 cases and 1106 controls along 
with the T2DM-associated microsatellite DG10S478. The SNP rs7903146 was 
by far the most strongly associated (admixture adjusted, additive P=1.59x10-

6; OR 1.39, CI 1.21-1.60) suggesting this is a functional polymorphism. In 
contrast to TCF7L2, other SNPs associated with T2DM in European-derived 
samples showed little or no evidence of association with T2DM even in an 
enlarged sample of 2841 cases and 1964 controls. Only SNPs in CDKAL1, 
rs10946398 and rs7754840, showed even nominal evidence of association 
(P=0.06). Evaluation of these SNPs in the Human Genome Diversity Panel, 
however, suggests some of these SNPs may be fixed in the African population 
since Yoruba are monomorphic for the risk allele observed in Europeans. We 
have carried out a GWAS analysis on 966 cases and 1033 controls using with 
the Affymetrix 6.0 chip. After extensive quality control 835,042 SNPs were 
evaluated in admixture-adjusted association analysis focusing on the additive 
model. Approximately 40 SNPs had P-values < 10-6. In addition, SNPs in two 
previously identified T2DM genes from studies of European-derived popula-
tions were among the top hits. SNPs rs17703228 (P=7.42x10-5) in “juxtaposed 
with another zinc finger gene 1” (JAZF1) and rs10906180 (P=6.38x10-5) in the 
calcium calmodulin-dependent protein kinase 1D (CAMK1D) were associ-
ated with T2DM in African Americans. These SNPs are different from SNPs 
previously observed to be associated with T2DM in Europeans. Replication 
studies of high scoring African American SNPs are underway in a two stage 
replication analysis totaling over 4,000 cases and 4,000 controls, and evalua-
tion of imputed SNPs and copy number variation is also in progress.
Supported by: NIH grants R01 DK053591 and R01 DK663581
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Genome-wide meta-analysis identifies novel genetic loci associated with 
OGTT-induced post-challenge glucose
C. Langenberg1, R. Saxena2,3, M.-F. Hivert3, T. Tanaka4, J.S. Pankow5, V. 
Lyssenko6, N. Boutia-Naji7, W.H.L. Kao8, A. Jackson9, J. Dupuis10,  
P. Vollenweider11, R.M. Watanabe12, for MAGIC; 
1MRC Epidemiology Unit, Cambridge, United Kingdom, 2Broad Institute 
of Harvard and MIT, Cambridge, United States, 3Massachusetts General 
Hospital, Boston, United States, 4Medstar Research Institute, Baltimore, 
United States, 5University of Minnesota, Minneapolis, United States, 6Lund 
University, Malmo, Sweden, 7CNRS-UMR-8090, Pasteur Institute, Lille, 
France, 8Johns Hopkins Bloomberg School of Public Health, Baltimore, 
United States, 9University of Michigan, Ann Arbor, United States, 10Boston 
University School of Public Health, United States, 11Centre Hospitalier 
Universitaire Vaudois, Lausanne, Switzerland, 12University of Southern 
California, Los Angeles, United States.

Background and aims: Two-hour post-load glucose measured during the 
oral glucose tolerance test (OGTT) defines glucose tolerance, reflects insulin 
resistance and influences cardiovascular risk - yet common genetic determi-
nants of two-hour glucose are largely unknown.
Materials and methods: To identify genetic factors influencing 2h-glu-
cose levels, we combined results from nine genome-wide association stud-
ies (GWAS) involving 15,234 non-diabetic individuals of European descent 
through collaborative MAGIC (Meta-Analyses of Glucose and Insulin-re-
lated traits Consortium) efforts and followed up 10-29 signals in up to 27,922 
replication samples from 15 studies.
Results: Compelling genome-wide significant evidence of association with 
2h-glucose was observed for SNPs at the ADCY5 (P = 8.6 x 10-14), TCF7L2 (P 
= 4.7 x 10-10), GCKR (P = 4.0 x 10-10), GIPR (P = 1.5 x 10-13) and VPS13C (P = 
4.3 x 10-08) loci. These associations were independent of body mass index and 
fasting glucose levels, indicating a specific role of these loci for the post-chal-
lenge rise in glucose levels. Detailed physiological investigation showed that 
individuals carrying the GIPR risk allele displayed lower glucose stimulated 
insulin secretion early, at 2h and during the course of the OGTT (insulino-
genic index (P = 2.8 x 10-10), 2h-insulin adjusted for 2h-glucose (P = 8.1 x 
10-10), and AUC insulin to glucose ratio (P = 6.9 x 10-12) as well as exhibiting 
a lower incretin effect (P =0.007).
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Conclusion: The discovery of common genetic variants that are specifically 
and robustly associated with 2-hour glucose levels in diabetes free individu-
als provides novel insight into the pathogenesis of hyperglycaemia, type 2 
diabetes and related metabolic disorders.
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Novel genetic loci implicated in fasting glucose homeostasis and their 
impact on related metabolic traits
I. Prokopenko1,2, J. Dupuis3,4, C. Langenberg5, R. Saxena6,7, N. Soranzo8,9, 
A.U. Jackson10, E. Wheeler8, N.L. Glazer11, R. Mägi1,2, N. Bouatia-Naji12,  
J.C. Florez6,7, I. Barroso8, for the MAGIC investigators; 
1WTCHG, Oxford, United Kingdom, 2OCDEM, Oxford, United Kingdom, 
3Boston University School of Public Health, United States, 4National 
Heart, Lung, and Blood Institute’s Framingham Heart Study, Framingham, 
United States, 5MRC Epidemiology Unit, Cambridge, United Kingdom, 
6Broad Institute of Harvard and Massachusetts Institute of Technology, 
Cambridge, United States, 7Massachusetts General Hospital, Boston, United 
States, 8Wellcome Trust Sanger Institute, Cambridge, United Kingdom, 
9King’s College London, United Kingdom, 10University of Michigan School 
of Public Health, Ann Arbor, United States, 11University of Washington, 
Seattle, United States, 12CNRS-UMR8090, Lille, France.

Background and aims: Genetic analyses of continuous glycaemic traits can 
offer insights into the regulation of physiological processes, and have pre-
viously led to the discovery of MTNR1B, a novel locus influencing type 2 
diabetes (T2D) risk.
Materials and methods: To identify additional glycaemic trait loci and in-
vestigate their metabolic impact, we performed meta-analyses of 21 genome-
wide associations studies informative for fasting glucose (FG, N=46,263), 
fasting insulin, and indices of β-cell function (HOMA-B) and insulin resist-
ance (HOMA-IR) (N=38,413). Follow-up genotyping of 25 loci was carried 
out in 61,219 independent samples.
Results: We discovered nine new loci for FG (in or near ADCY5, MADD, 
ADRA2A, CRY2, FADS1, GLIS3, SLC2A2, PROX1 and FAM148B) and a nov-
el genome-wide significant (P<5×10-8) association with fasting insulin and 
HOMA-IR (IGF1). Also associated with FG were T2D-associated loci TCF7L2 
and SLC30A8, and previously reported loci GCK, GCKR, G6PC2, MTNR1B 
and DGKB/TMEM195; GCKR also achieved genome-wide significant associa-
tion with fasting insulin and HOMA-IR. The impact of FG loci on T2D and re-
lated metabolic traits suggests shared genetic determinants: DGKB/TMEM195, 
ADCY5 and PROX1 with T2D and FADS1/FADS2 and MADD with lipid levels.
Conclusion: Within the associated loci the most likely biological candidate 
genes influence signal transduction, development, glucose-sensing and circa-
dian regulation. The wealth of novel FG loci contrasts with the sole fasting in-
sulin/HOMA-IR novel finding and suggests a different genetic architecture for 
β-cell function and insulin resistance. Our findings demonstrate considerable 
divergence between the genetic variants influencing glucose levels in healthy 
populations, those altering T2D-predisposition and other influencing related 
metabolic traits highlighting the complex relationships that may exist between 
continuous endophenotypes and the disease states to which they relate.
Replication genotyping was supported in part by Diabetes UK
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Decreased TCF7L2 protein levels in type 2 diabetes mellitus correlated 
with downregulation of GIP and GLP-1 receptors and impaired beta cell 
function
L. Shu1, A.V. Matveyenko2, J. Kerr-Conte3, J.-H. Cho4, C.H.S. McIntosh5,  
K. Maedler1; 
1Centre for Biomolecular Interactions Bremen, Bremen, Germany, 
2Department of Medicine, Larry L. Hillblom Islet Research Center, 
Los Angeles, United States, 3Thérapie Cellulaire du Diabète, INSERM 
/Université de Lille, France, 44Department of Endocrinology, Kangnam St. 
Mary’s Hospital, College of Medicine, The Catholic University of Korea, 
Seoul, Republic of Korea, 5Department of Cellular and Physiological 
Sciences, University of British Columbia, Vancouver, Canada.

Background and aims: Recent human genetics studies have revealed that 
common variants of the TCF7L2 gene are strongly associated with type 2 dia-
betes mellitus (T2DM). We have shown that TCF7L2 expression in the β-cells 
is correlated with function and survival of the insulin producing pancreatic 
β-cell. In order to understand how variations in TCF7L2 influence diabetes 
progression, we investigated its mechanism of action in the β-cell.

Materials and methods: RNA and protein were extracted from isolated islets 
from three diabetic animal models, the db/db mouse, the high fat diet fed 
mouse and the VDF Zucker rat, and RT-PCR and western blot analysis for 
TCF7L2 were performed subsequently. TCF7L2 expression in pancreatic sec-
tions from 8 healthy controls and from 8 patients with T2DM were analyzed 
by immunofluorescence staining. For transfection experiments, isolated hu-
man islets were exposed to TCF7L2 small interfering RNA or pCMV-TC-
F7L2 plasmids and cultured with or without GLP-1/GIP. Beta cell function 
was assessed by glucose-, GLP-1-/GIP-, KCl- or cAMP- stimulated insulin 
secretion assays in static incubations and islet perifusions.
Results: We show robust differences in TCF7L2 expression between healthy 
controls and models of T2DM. While mRNA levels were ~2-fold increased 
in isolated islets from the diabetic db/db mouse, the VDF rat and the high 
fat/ high sucrose diet treated mouse compared to the non-diabetic controls, 
protein levels were decreased. A similar decrease was observed in pancreatic 
sections from patients with T2DM. In parallel, expression of GLP-1 and GIP 
receptors was decreased in islets from humans with T2DM as well as in iso-
lated human islets treated with siRNA to TCF7L2 (siTCF7L2). Also, insulin 
secretion stimulated by glucose, GLP-1 and GIP, but not KCl or cAMP was 
impaired in siTCF7L2 treated isolated human islets. Loss of TCF7L2 resulted 
in decreased GLP-1 and GIP stimulated AKT phosphorylation, and AKT me-
diated Foxo-1 phosphorylation and nuclear exclusion. 
Conclusion: Our findings suggest that β-cell function and survival are regu-
lated through an interplay between TCF7L2 and GLP-1R/ GIP-R expression 
and signaling in T2DM.
Supported by: an EFSD/MSD grant
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The impact of differential splicing of TCF7L2 on target gene expression 
in human islet of Langerhans
Y. Zhou, S. Lang, J. Taneera, E. Renström, L. Groop, O. Hansson; 
Endorinology and diabetelogy, Lund University Clinical Resarch Center, 
Malmö, Sweden.

Background and aims: Variants in TCF7L2 have been shown to be highly 
associated with type 2 diabetes. We have previously reported that the risk 
allele rs7903146 does not significantly influence the overall amount or splic-
ing pattern in human islets of Langerhans, however, the expression level of 
the exon4-containing-TCF7L2 transcript correlates positively with plasma 
HbA1c levels (r = 0.758; p = 0.018). The aims of this study are identify TC-
F7L2 target genes and to investigate the effect of TCF7L2 exon 4 splicing on 
these genes in human islets of Langerhans.
Materials and methods: All samples were from non-diabetic individuals (6 
female, 11 male, aged 26-73 years, BMI 17.7-29 kg/m2). Total RNA was iso-
lated using the AllPrep DNA/RNA Mini Kit (Qiagen) and analyzed using 
Gene 1.0 ST whole transcript based assays (Affymetrix). The percentage of 
the exon4-containing-TCF7L2 transcripts was measured with QPCR using 
absolute quantification. Statistical analyses were performed using non-para-
metric Spearsman correlation (SPSS 16.0). Candidate genes were analysed 
using Gene Set Analysis Tool kit (http://bioinfo.vanderbilt.edu/).
Results: The TCF7L2 binding motif (A-C/G-A/T-T-C-A-A-A-G) was in-
vestigated in the promoter region (5 kb upstream and 1 kb downstream of 
transcriptional start site) of all annotated genes and regions in the human 
genome using a bio-informatics approach. All together, 2759 annotated genes 
were found to contain the motif. Genes not represented on the array and 
genes with expression below the detection level were excluded. 205 genes 
correlated significantly (p = 0.05), with exon4-containing-TCF7L2 transcript 
expression. Using pathway analysis, several pathways were found to be sig-
nificantly enriched, including protein transport (p = 8.69 x 10e-4) and in-
tracellular transport (p = 1.15 x 10e-2). In order to select a suitable model 
system to replicate these findings, the splicing pattern in the INS-1 cell line 
was established and was found to resemble the human pattern. Currently, the 
functional consequences of reduced expression of a number of the correlated 
genes are being investigated using siRNA.
Conclusion: Based on our results, intronic variation in TCF7L2 could poten-
tially perturb the binding of splice factors and thereby influence the splicing 
pattern. Differential splicing, e.g. exon 4 inclusion/exclusion, could then af-
fect target gene expression and propagate the increased risk of type 2 diabe-
tes. Future studies are obviously necessary to fully elucidate the mechanism/s 
whereby genetic variation in TCF7L2 leads to increased risk of the disease 
and the role of differential splicing.
Supported by: Lund University Diabetes Centre and the Magn, Swedish Re-
search Council, Wallenberg Foundation, the Novo Nordisk Foundation
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MiR-217 regulates aging and angiogenic functions in human 
endothelium via SirT1
R. Menghini1, V. Casagrande1, M. Cardellini1, E. Martelli2, A. Terrinoni1,  
F. Amati3, A. Ippoliti2, G. Novelli3, G. Melino4, R. Lauro1, M. Federici1; 
1Dept. of Internal Medicine, 2Dept. of Surgery, 3Dept. of Biopathology, 
4Dept. of Experimental Medicine, University of Tor Vergata, Rome, Italy.

Background and aims: Increasing evidence indicates that premature senes-
cence contributes to endothelial dysfunction, a pivotal step in development of 
diabetes and metabolic syndrome. Molecular targets relevant for this process 
remains to be clarified. To this aim we have performed a microarray analysis 
of MicroRNAs (miRNAs), crucial post transcriptional modulators of gene ex-
pression, in an endothelial aging model in vitro, comparing young (Popula-
tion doubling levels, PDLs8) to old (PDLs44) HUVEC.
Materials and methods: To this aim we have performed a microarray analy-
sis of MicroRNAs (miRNAs), crucial post transcriptional modulators of gene 
expression, in an endothelial aging model in vitro, comparing young (Popula-
tion doubling levels, PDLs8) to old (PDLs44) HUVEC.
Results: We found a progressive induction of miR-217 during aging. Bioin-
formatic analysis and a promoter reporter assay revealed that SirT1, a NAD+-
dependent hystone deacetylase playing a critical role in stress resistance, lon-
gevity and metabolism, is a potential target of miR-217. Transfection of young 
HUVEC with an oligonucleotide that decreases miR-217 (Anti-miR-217) in-
creased SirT1 expression. Conversely, overexpression of the miR-217 precur-
sor decreases SirT1 expression in young HUVEC. In young HUVECs over-
expressing miR-217, senescent cells were increased up to 30% of the control 
(p< 0.0005) in a Senescence Associated-β-gal activity assay. On the contrary, 
in old HUVEC transfection with Anti-miR-217 decreased the percentage of 
senescent cells approximately to 30% compared with the control (p< 0.005), 
indicating that miR-217 plays a role in endothelial premature senescence in 
vitro. SirT1 controls endothelial angiogenic functions via deacetylation of 
forkhead transcription factor FoxO1. In young endothelial cells, miR-217 
overexpression significantly impaired tube forming activity (p< 0.0005) and 
induced a marked FoxO1 acetylation. Conversely, Anti-miR-217 in old HU-
VECs significalntly increased tube formation (p< 0.005). Next, we compared, 
by real time PCR, the mRNA expression of targets coordinately regulated 
by Sirt1 and of Foxo1, such as GADD45, Flt1 and eNOS, in young and old 
HUVEC transfected with miR-217 or Anti-miR-217, respectively. Our results 
confirmed that miR-217 is involved in FoxO1 targets modulation. Functional 
changes in senescent endothelial cells in vivo may play an important role in 
the pathophysiology of age associated vascular disorders. Therefore we per-
formed real time PCR experiments in plaques from patients who underwent 
carotid endarterectomy for symptomatic disease and we confirmed in vivo 
a negative correlation between miR-217 and Sirt1 expression and FoxO1 
acetylation state; similarly, we observed a positive correlation between Sirt1 
and FoxO1 targets GADD45, Flt1 and eNOS.
Conclusion: These data suggest that miR-217, via regulation of SirT1/FoxO1, 
can regulate senescence and angiogenesis in endothelial cells thus providing 
a molecular explanation to age-related endothelial dysfunction.
Supported by: PRIN 2007, Telethon GGP08065
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Endothelial and endocrine alterations in diabetic pancreas. Role of 
angiopoietin-2 and thrombospondin-1
S. Calderari, C. Chougnet, M. Clemessy, H. Kempf, P. Corvol, E. Larger; 
INSERM U833, Paris, France.

Background and aims: In the events leading to type 2 diabetes, inadequate 
compensatory increase of the beta cells mass could be a direct consequence of 
vascular disease, either by endothelial dysfunction or secondary to defective 
secretion of angiogenic peptides by beta cells. To dissect the role of angiogen-
ic process in the maintenance and growth of islets, we studied pancreatic 
chimeras, consisting of endocrine chick cells and murine endothelial cells, 
obtained by grafting embryonic chick pancreas in SCID mice. We analyzed 
angiogenesis during development of the pancreatic chimera and examined 
the impact of hyperglycemia on the vasculature of the pancreas. We then used 
an avian-specific retrovirus, the RCAS system, to over-express VEGF during 
pancreatic development.

Materials and methods: Seven-week-old female SCID mice were made dia-
betic by a single intra-peritoneal injection of streptozotocin (160mg/kg). Em-
bryonic chick pancreases (E14) were grafted under the kidney capsule of SCID 
mice and collected 14 days later. Pancreatic vasculature was analyzed by im-
munohistochemistry using nestin, a mouse-specific endothelial marker, and 
in situ hybridization with both mouse- and chick-specific VEGFR-2 probes. 
Expression of angiopoïetin-2 (Ang2), thrombospondin-1 (Tsp1) and VEGF 
was analyzed by in situ hybridization. To over-express VEGF, an avian-spe-
cific retrovirus RCAS carrying the gene encoding the VEGF (RCAS-VEGF) 
was prepared. Chick pancreases were infected in vitro with the RCAS-VEGF 
for 1 hour before graft. Mammalian cells were not susceptible to the RCAS 
infection. All analyzes were performed on n=5 animals. This study was car-
ried out along the principles of laboratory animal care.
Results: As compared to normoglycemia, hyperglycemia increased beta-cell 
density (p<0.05). Pancreatic vasculature was disorganized with large blood-
filled spaces and vessels discontinuities. Vessel density was decreased as evi-
denced by quantification of nestin- and VEGFR-2-positive cells (p< 0.05). 
Expression of two anti-angiogenic factors, Tsp1 and Ang2 was increased in 
grafts (p<0.05), whereas no clear difference was observed for VEGF.
In order to correct the vascular defects, we over-expressed VEGF in pancreas. 
In normoglycemic condition, number of both beta- and endothelial-cells was 
not altered by VEGF over-expression. In hyperglycemic conditions, number 
of both beta- and endothelial-cells was increased by VEGF over-expression 
(p<0.05). Ang2 and Tsp1 determinations are pending.
Conclusion: Hyperglycemia induced major defects of the pancreatic vascu-
lature associated with Ang2 and Tsp1 over-expression. These two anti-ang-
iogenic growth factors have been associated with vasculopathy in diabetes. 
We demonstrated for the first time up-regulation of Ang2 expression in the 
pancreas in hyperglycemic conditions. In normoglycemic condition, there 
was no change after VEGF over-expression, whereas in hyperglycemic condi-
tion, VEGF over-expression increased both endocrine and endothelial cells.
Supported by: ALFEDIAM/Novo-Nordisk
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Tissue Factor pre-mRNA splicing in platelets from healthy subjects and 
type 2 diabetes mellitus patients
J.-W.N. Akkerman1, C.A. Koekman1, H.W. de Valk2, A.J. Gerrits1; 
1Department of Clinical Chemistry and Haematology, 2Department of 
Internal Medicine, University Medical Center Utrecht, Netherlands.

Background and aims: Type 2 diabetes mellitus (T2DM) patients have a 2-8-
fold higher risk of cardiovascular disease than healthy individuals and eighty 
percent will die of thrombosis-related disorders. T2DM induces a prothrom-
botic state caused by imbalance of the hemostatic mechanism characterized 
by hypercoagulation and platelet hyperaggregability. Patients with T2DM 
have increased plasma Tissue Factor (TF), the starter of coagulation. Recent 
findings suggest a new source for TF expression. Platelets contain Splicing 
Factor 2 (SF2), a regulator of constitutive and alternative splicing, together 
with pre-mRNA with message for TF. Splicing of TF pre-mRNA results in 
TF protein and the capacity to initiate coagulation. We investigated whether 
abnormal platelet TF production was the cause of the hypercoagulant state 
in T2DM patients.
Materials and methods: Platelets form T2DM patients and matched controls 
were depleted from leukocytes by a double incubation with anti-CD14/CD45 
antibody-coupled beads and magnetic separation. RT-PCR for CD14 was 
negative in 30 cycles RT-PCR. Platelets were adhered to different surface-
coated proteins (0.5 - 4 hrs, 37°C) and phosphorylation of SF2, TF-pre-mRNA 
splicing, TF protein and TF procoagulant activity (Xa assay) were measured. 
Numbers of adhered platelets were based on alkaline phosphatase content.
Results: Adhered platelets showed adhesion-induced Ser phosphorylation of 
SF2 and TF pre-mRNA splicing (blocked by the splicing inhibitor Tg003) and 
translation-dependent TF activity (blocked by the protein synthesis inhibi-
tors puromycin and cycloheximide). Collagen induced TF-pre-mRNA splic-
ing started at 30 min. and was optimal after 4 hrs. Collagen-adhered platelets 
produced 600 fold more TF than suspensions (0.17 ± 0.09 and 0.0003 ± 0.0001 
ng TF/ 2.0 ·108 platelets, mean +/- SEM, n=3). Compared with fibrinogen 
(100%), TF production on horm collagen, collagen I, thrombin, collagen III 
and von Willebrand Factor was 143 ± 42, 132 ± 29, 126 ± 20, 71 ± 10 and 38 
± 14%. Incubation with AR-C699331 MX and indomethacin, which mimic 
the action of clopidogrel and aspirin respectively, inhibited collagen-induced 
TF activity, which was almost zero when co-incubated with both inhibitors. 
Pharmacologic blockade showed signaling through cAMP (increased by ilo-
prost, forskolin) and PI3-kinase/protein kinase B (inhibited by wortmannin, 
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LY and ML9). In normal platelets, insulin (1-100 nM, 5 min) interfered with 
cAMP regulation, inhibited collagen-induced TF-pre-mRNA splicing and re-
duced TF procoagulant activity by 63 ± 10 % at 100 nM (n=5). The inhibition 
was two-fold lower in T2DM platelets and reached 30 ± 7% (n=4).
Conclusion: These results demonstrate that in normal platelets TF synthe-
sis is inhibited by insulin through interference with cAMP. T2DM platelets 
have become partially resistant to this inhibition leading to upregulation of 
TF synthesis. We conclude that the hypercoagulant state in type 2 diabetics 
might be caused by increased platelet TF production.
Supported by: the Dutch Diabetes Research Foundation
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Absence of fibronectin EDA exon increases endothelial dysfunction and 
oxidative stress in diabetic mice aortas
G. Gortan Cappellari1, M. Boschelle1, V. Spadotto1, R. Barazzoni1,  
L. Cattin2, F.E. Baralle3, G. Guarnieri1, A.F. Muro3, M. Zanetti1; 
1DSCMT, University of Trieste, 2DSCMT, UCO III Medica and Diabetes 
Center, Trieste, 3International Centre for Genetic Engineering and 
Biotechnology, Trieste, Italy.

Background and aims: Fibronectin (FN) pre-mRNA undergoes alternative 
splicing at three positions, in a tissue and develomental-specific manner gen-
erating up to 20 different protein isoforms. One of the alternatively spliced 
exons is the Extra Domain A (EDA). EDA exon inclusion is normaly low 
in adult tissues but it is upregulated in several injure-repair processes. Hy-
perglycemia induces overexpression of selected vascular extracellular matrix 
proteins, including FN. In addition, FN is known to modulate endothelial 
nitric oxide synthase (eNOS) activation and the absence of regulated splicing 
of EDA reduces atherosclerosis in mice. The precise role of the EDA segment 
in vascular oxidative stress and endothelial dysfunction in diabetes needs 
further clarification. The aim of this study was, therefore, to assess endothe-
lial function and oxidative stress in diabetic mice constitutively expressing 
(EDA+/+) or lacking (EDA-/-) the EDA exon of the FN gene.
Materials and methods: Three months old EDA+/+ (n=18), EDA-/- (n=16) 
and C57/BL6 (wild type, WT: n=14) mice were treated by multiple streptozo-
tocin injections to induce diabetes. After 20±2 weeks aortas were harvested 
and endothelial function immediately assessed in organ chamber vasorelaxa-
tion experiments. The remaining aortic rings were frozen for RNA extrac-
tion. eNOS, Nox4 and p22phox gene expression analysis was performed by 
labelled-probe real-time RT-PCR. Normalisation was performed by ratio to 
28S rRNA expression. Statistical analysis was performed by one-way ANOVA 
or Student’s t-test as appropriate.
Results: Streptozotocin resulted in diabetes induction as demonstrated 
by increased (p<0.01) blood glucose levels in all genotypes (pre- vs. post 
treatment: EDA+/+: 163.3±5.9 vs. 411.3±12.1 mg/dl; EDA-/-: 168.1±3.7 vs. 
474.7±8.5 mg/dl; WT: 141.9±5.0 vs. 429.3±21.0 mg/dl). Acetylcoline (10-6  
mol/l) mediated endothelium-dependent vasorelaxation was lower in  
EDA-/- mice compared to control aortas (36.5±5.7% vs. 52.4±4.4%, p<0.05) 
and to EDA+/+ (52.7±2.9%, p<0.05). Endothelium-independent vasorelaxa-
tion to DEA-NONOate was not different among groups. To investigate the 
mechanisms of impaired endothelial-dependent vasorelaxation in EDA-/-  
mice, we analysed eNOS, Nox4 and p22phox gene expression. eNOS 
mRNA was significantly reduced in EDA-/- samples compared to control 
ones (0.145±0.105 vs. 0.456±0.094 a.u., p<0.05). In contrast, both Nox4 
and p22phox mRNA levels were significantly higher in EDA-/- aortas than 
in control vessels (Nox4: 1.167±0.320 vs. 0.226±0.038 a.u., p<0.01; p22phox: 
0.444±0.118 vs. 0.099±0.004 a.u., p<0.01). Nox4 mRNA was also significantly 
higher in EDA-/- than in EDA+/+ (1.167±0.320 vs. 0.340±0.052 a.u., p<0.01).
Conclusion: These data demonstrate that constitutive absence of fibronectin 
EDA exon increases endothelial dysfunction in diabetes and suggest an im-
portant role for this exon as a modulator of eNOS and oxidative-stress related 
gene expression.
Supported by: Finanziamento Regionale progetto LR26/2005
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Intracellular methylglyoxal levels explain hyperglycaemia-induced 
impaired endothelium-dependent vasorelaxation in an oxidative stress-
dependent pathway
O. Brouwers1, P.M.G. Niessen1, T. Miyata2, M. Brownlee3, C.D.A. 
Stehouwer1, J.G.R. De Mey4, C.G. Schalkwijk1; 
1Internal Medicine, Maastricht University, Netherlands, 2Centre for 
Translational and Advanced Research, Tohoku University, Japan, 3Medicine 
and Pathology, Albert Einstein College of Medicine, New York, United 
States, 4Pharmacology and Toxicology, Maastricht University, Netherlands.

Background and aims: In hypergglycaemic conditions, increased forma-
tion of the glycolysis-derived reactive dicarbonyl compound methylglyoxal 
(MGO) and MGO-derived advanced glycation endproducts (AGEs) are 
thought to be implicated in endothelial dysfunction and, subsequently, in 
the development of diabetic vascular complications. A common feature of 
endothelial dysfunction is an impaired nitric-oxide (NO)-dependent va-
sodilatation. We now investigated the effect of hyperglycaemia on impaired 
vasoreactivity and a putative role of MGO and glyoxalase-I (GLO-I), i.e. the 
enzyme detoxifying MGO, therein.
Materials and methods: Isolated mesenteric arteries from wild type and 
transgenic GLO-I rats were mounted in a myograph. The effects of hyper-
glycaemia and MGO on NO-dependent vasodilatation were tested with 
acetylcholine (ACh; 0.01 - 10µM) in the presence of indomethacin (10µM) 
during contraction with potassium (65mM). AGE formation was determined 
by immunohistochemistry with an antibody against the major MGO-adduct 
5-hydro-5-methylimidazolone (MG-H1). Reactive oxygen species (ROS) 
formation was measured with a DCF-probe and an antibody against nitro-
tyrosine.
Results: Treatment of wild type mesenteric arteries with high glucose (30mM 
for 2-hours) resulted in reduced acetylcholine-induced vasorelaxation. Im-
pairment of dilatation by hyperglycaemia was not observed in mesenteric 
arteries of GLO-I transgenic rats compared with their wild type littermates, 
indicating a specific intracellular MGO effect. Direct exposure of mesenteric 
arteries to 0.1, 0.33 and 1.0mM MGO (for 1-hour) significantly reduced the 
acetylcholine-induced vasorelaxation, as indicated by decreased potency (log 
EC50 was -6.33, -6.21, -6.17 and -5.94 M, respectively) and efficacy (Emax 
was 71; 58; 51 and 49 % dilatation, respectively). This effect was endothe-
lium-dependent as indicated by unaltered relaxing responses to the NO do-
nor Na-nitroprusside. Impairment of dilatation by MGO was not observed 
in mesenteric arteries of GLO-I transgenic rats indicating a specific intracel-
lular MGO effect. Pre-incubation of healthy mesenteric arteries with MGO 
increased staining of MG-H1 in endothelial cells and adventitia accompanied 
by an increase in the oxidative stress marker nitro-tyrosine. The MGO-in-
duced impaired vasoreactivity was normalized by preincubation of the ves-
sels with the antioxidants N-Acetyl Cysteine, EUK-134 and Mn(III)TMP.
Conclusion: We found that hyperglycaemia-induced impairment of en-
dothelium-dependent NO-mediated vasodilatation could be prevented by 
GLO-I overexpression. In addition, exposure to MGO decreased NO-medi-
ated dilatation due to an increase in oxidative stress. These data implicate that 
elevated MGO leads to impaired endothelial function in diabetes and that 
GLO-I may prevent this.

84
Relations between endothelial function and peripheral microcirculation 
and cardiac autonomic neuropathy in type 2 diabetic patients
A.H. Belhadj-Mostefa1,2, M.K. Bourahli3, F. Touati1, M. Nguyen4, D. Roula1, 
P.E. Valensi4; 
1Medicine, CHU Constantine, Algeria, 2ANDRS, Oran, Algeria, 3Physiology, 
CHU Constantine, Algeria, 4Medicine, CHU Jean Verdier, Bondy, France.

Background and aims: Peripheral endothelial function is impaired in pa-
tients with coronary disease. Endothelial dysfunction and autonomic neu-
ropathy may alter peripheral microcirculation. The aim of this study was to 
examine in type 2 diabetic patients whether endothelial dysfunction or a re-
duction of peripheral microcirculation might be markers of coronary disease 
and the role of autonomic dysfunction in these disorders
Materials and methods: We included 116 patients without any cardiac his-
tory or symptom. Silent myocardial ischemia (SMI) was assessed using an 
ECG stress test and if SMI was found, coronary stenoses were assessed by 
coronary angiography. Endothelial function and peripheral microcirculation 
were examined by measuring forearm post-ischemic hyperemia (echo-dop-
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pler), through the changes in humeral artery diameter (D2/D1) and blood 
flow (F2/F1), respectively. CAN was assessed using Ewing’ tests which mainly 
estimate cardiac parasympathetic activity. 
Results: SMI was found in 34 patients and was associated with significant 
coronary stenoses (SCS) (>70%) in 18 of them, and CAN was present in 82 
patients. D2/D1 and F2/F1 did not correlate with age, BMI and HbA1c, and 
did not differ in the patients with or without hypertension. D2/D1 did not 
differ in the patients with or without SMI or CAN, but was significantly lower 
in patients with SCS (p=0.04). F2/F1 was significantly lower in patients with 
CAN (p= 0.002) and decreased with CAN severity (p = 0.02), and was lower 
in patients with SCS (p=0.01). In multivariate analyses F2/F1 levels were as-
sociated independently with CAN and its severity (p< 0.001 and < 0.005).
Conclusion: These data suggest that neither endothelial function nor periph-
eral microcirculation may be considered as markers of silent coronary disease 
but that a defect in vagal activity and a relative excess of sympathetic activ-
ity may play a role in the alterations of microcirculation in type 2 diabetic 
patients
Supported by: ANDRS

OP 15 Glucose monitoring
85
Effect of self-monitoring of blood glucose in patients with type 2 diabetes 
treated with oral medication on quality of life parameters: a 1-year 
randomised controlled trial
S.J.J. Logtenberg1, N. Kleefstra1,2, J. Hortensius1, J.J. van der Bijl3,  
K.H. Groenier4, S.T. Houweling2,5, R.O.B. Gans6, H.J.G. Bilo6,1; 
1Diabetes Centre, Isala Clinics, Zwolle, 2Medical Research Group, 
Langerhans, Zwolle, 3Department of Nursing Science, University Medical 
Center, Utrecht, 4Department of General Practice, University of Groningen, 
5General Practice Sleeuwijk, Sleeuwijk, 6Department of Internal Medicine, 
University Medical Center Groningen, Netherlands.

Background and aims: Self-monitoring of blood glucose (SMBG) improves 
glycemic control in patients using insulin. Apparently, in patients with type 
2 diabetes mellitus (T2DM) not using insulin SMBG does not result in im-
provement of glycemic control. In previous studies, either no effect on health 
related quality of life (HRQoL) was found, or, like in the ESMON trial, SMBG 
resulted in more depressive symptoms. Our aim was to investigate the effect 
of SMBG (postprandial values) on HRQoL and treatment satisfaction in pa-
tients with T2DM not using insulin who are in persistent moderate glycemic 
control.
Materials and methods: Patients were eligible when between 18 and 70 years 
of age, with an HbA1c between 7 and 8.5% at the start of the study (at annual 
check-up) and at the previous annual check-up, using 1 or 2 different oral 
blood glucose lowering drugs without regimen change during the preced-
ing 3 months, and without use of SMBG in the preceding 6 months. Forty 
patients were randomly assigned to receive either SMBG added to usual care 
or to continue with usual care during 1 year. SMBG was performed using 
the Accu-check Aviva blood glucose meter. Twice a week (including either 
Saturday or Sunday), a fasting glucose value and 3 postprandial glucose val-
ues were measured. All participants were instructed about acceptable glucose 
values (fasting: 4-8 mmol/L, postprandial: 4-10 mmol/L) and no specific (di-
etary) advice was given. HbA1c was measured every 3 months. Blood glucose 
lowering therapy was intensified when HbA1c was ≥ 8.5%. At baseline, after 
6 and after 12 months, HRQoL and treatment satisfaction were assessed us-
ing the short form 36 questionnaire (SF-36), the Type 2 Diabetes Symptom 
Checklist (DSC-type 2), the Diabetes Treatment Satisfaction Questionnaire 
(DTSQ) and the WHO-wellbeing index (WHO-5).
Results: Recruitment took place between March 2006 and October 2007. 
At baseline, mean age was 59 years, median diabetes duration was 6.0 years, 
mean HbA1c was 7.6%, and mean BMI was 31 kg/m2. At the end of the study, 
there were no significant changes between groups on the DTSQ, the DSC-
type 2, the WHO-5 or on the physical and mental component summary 
scores of the SF-36. The SF-36 dimension ‘health change’ was lower in the 
SBMG-group (mean difference: -12 (95%CI: -20.9, -3.1; p=0.008)).
Conclusion: Tablet-treated T2DM patients rating their health over a 1 year 
period experienced a worsening on the dimension ‘health change’ when per-
forming SMBG. On top of the absence of a clinical benefit, we conclude that 
there is no evidence for a positive impact of SMBG on HRQoL or treatment 
satisfaction in T2DM patients not on insulin. We argue therefore, that the use 
of SMBG in this patient group should be reconsidered.
Supported by: Roche Diagnostics Nederland BV

86
A randomized, controlled trial of blood-glucose self-monitoring in type 
2 diabetic patients receiving conventional insulin treatment
M.A. Nauck1, L. Heinemann2, M. Gutzeit1, B. Haastert3, S. Petrick1,  
C. Trautner4, M.A. Nauck5; 
1Diabeteszentrum Bad Lauterberg, 2Profil Institut für Stoffwechselforschung, 
Neuss, 3mediStatistica, Neuenrade, 4Fachhochschule Braunschweig/
Wolfenbüttel, Wolfenbüttel, 5Laboratoriumsmedizin, Uni-Klinikum 
Greifswald, Germany.

Background and aims: Blood-glucose self monitoring (SMBG) is necessary 
and cost-effective within intensified insulin regimens. Whether SMBG helps 
obtaining better glycaemic control in type 2-diabetic patients on convention-
al insulin regimens (premixed insulin twice daily or basal insulin once daily, 
with or without OAD) is not known. Our randomized, controlled, multicen-
tric study aimed at clarifying potential improvement in glycaemic control 
with a once-weekly glucose profile (SMBG) in such patients.
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Materials and methods: 244 patients participated (300 patients randomized, 
56 early drop-outs). All patients were instructed to use urinary glucose moni-
toring once daily (after breakfast). 125 were randomly selected not to per-
form SMBG (- SMBG), 119 were instructed to use once-weekly 4-point glu-
cose profiles (+ SMBG). Baseline age was 66 ± 8 vs. 65 ± 8 years, 64.0 vs. 56.3 
% were male, premixed insulin was used in 52.8 vs. 58.0 %, HbA1c was 7.3 ± 
1.2 vs. 7.3 ± 1.3 %, BMI was 30.8 ± 5.4 vs. 30.0 ± 4.6 kg/m2, and diabetes dura-
tion was 12 ± 9 vs. 12 ± 8 years for the - SMBG and + SMBG groups (mean ± 
SD, all not significant). Patients were seen (at least) at 3-monthly intervals to 
evaluate any necessity for therapy intensification (adding antidiabetic agents 
or increasing their doses) and for the determination of HbA1c (HPLC, normal 
values 4.0-6.2 %). Primary endpoint was HbA1c after 12 months (adjusted 
ANCOVA with baseline HbA1c as covariate). Secondary analyses determined 
the probability of therapy intensification with increasing percentage of glu-
cose-positive urine tests (all patients), with increasing HbA1c values, and with 
increasing glucose concentrations as determined by SMBG (only those as-
signed to this arm), estimated by logistic regression (generalized linear mixed 
models) using corresponding quintiles as independent class variables, adjust-
ed for visit, treatment group (fixed effects) and repeated measurement.
Results: Adherence to urinary glucose control was 90.7-98.4 % in both 
groups. 95.7-98.3 % of those assigned to + SMBG performed glucose profiles 
vs. 6.5-8.1 % in the - SMBG group. HbA1c was reduced in both groups, to 7.0 
± 1.0 (- SMBG) vs. 7.0 ± 1.2 % (+ SMBG; p = 0.93 for a difference between 
groups). The frequency of therapy intensification was similar in both groups. 
The odds ratios for therapy intensification rose with increasing proportions 
of urines testing positive for glucose (p = 0.0007; n = 235). The odds ratios 
for therapy intensification, likewise, rose with increasing HbA1c values (p < 
0.0001; n = 134), increasing fasting glucose (as determined by SMBG; p = 
0.0007; n = 117), and increasing postprandial glucose (p = 0.0004; n = 116).
Conclusion: On a background of urinary glucose testing, additional 4-point 
glucose profiles once weekly did not further improve glycaemic control in 
type 2-diabetic patients receiving conventional insulin treatment. However, 
in those patients performing SMBG, therapy intensification was significantly 
more likely with higher values measured, indicating a clear association to 
SMBG. The magnitude of therapy intensification introduced may have been 
too small to finally affect overall glycaemic control.
Supported by: Deutsche Diabetes-Gesellschaft, Deutsche Diabetes-Stiftung, and 
Bayer Diagnostica, Leverkusen, Germany
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Exploring patient beliefs about blood glucose monitoring
W.H. Polonsky1, L. Fisher2, Z. Jelsovsky3, C.G. Parkin4, B. Petersen5; 
1Behavioral Diabetes Institute, San Diego, 2University of California San 
Francisco, 3Biostat International, Inc., Tampa, 4CGParkin Communications, 
Inc., Carmel, 5Roche Diagnostics Corporation, Indianapolis, United States.

Background and aims: Self-monitoring of blood glucose (SMBG) is a cor-
nerstone of personal diabetes management. However, recent evidence sug-
gests that many people with diabetes do not check blood glucoses regularly 
and/or do not use SMBG data to adjust their own care. A variety of psycho-
social factors may contribute to low SMBG, but few studies have explored 
these potential relationships. We examined the impact of affective factors 
(depressed mood, diabetes-related distress) and specific attitudinal factors 
(personal beliefs about the value of SMBG) on SMBG frequency (number 
of SMBG tests/week) and personal use of SMBG results (number of SMBG 
tests/week that were then used to adjust therapy) in type 2 diabetes (T2DM).
Materials and methods: Four hundred and three poorly-controlled (HbA1c 
> 7.5%), insulin-naive T2DM subjects were drawn from a large, multicenter 
study in the United States. Subjects completed a questionnaire that included 
five sets of variables: demographic information; diabetes status (e.g., HbA1c, 
BMI); diabetes self-care behaviors; affective status (e.g., depressed mood, dia-
betes-related distress); and SMBG-related attitudes (7 newly created items; 
e.g., “I just find the SMBG results to be discouraging”, “there is no rhyme or 
reason to the results I see”). The variables were included in multiple regres-
sion equations predicting frequency of SMBG and use of SMBG results.
Results: Sixty-four percent of subjects were white and they were evenly di-
vided by gender (53.0% male). Mean age, HbA1c, BMI, and duration of dia-
betes were 56.0 years (± 10.7), 8.9% (± 1.2), 34.5 (± 7.2) and 7.6 years (± 
5.9), respectively. Many subjects evidenced negative SMBG attitudes; e.g., ap-
proximately one-quarter or more agreed that their own SMBG results were 
typically discouraging (31.7%), confusing (19.5%), and/or that they could do 
nothing to influence the results (20.6%). The seven SMBG items were sub-
mitted to a Principal Factor Analysis with Promax rotation, yielding a single 

coherent factor accounting for 52% of the total variance (alpha=0.84). We 
therefore computed a total SMBG beliefs score, with higher numbers indicat-
ing a more negative attitude towards SMBG. Negative SMBG attitude was 
associated with depression (r = 0.15; p < 0.05) and diabetes-related distress 
(r = 0.33; p < 0.05). Multiple regression analysis indicated that, adjusted for 
demographic variables, negative SMBG attitude, but not depressed mood or 
diabetes-related distress, was independently associated with lower SMBG fre-
quency (p < .02) as well as less personal use of SMBG results (p < .05).
Conclusion: Beliefs about SMBG are linked to actual SMBG frequency and 
use of test results, independent of all other study variables. We found that 
negative beliefs about SMBG are common and are associated with depressed 
mood and diabetes-related distress, but neither depressed mood nor distress 
are associated with SMBG use. This suggests that patients may not follow rec-
ommendations for regular SMBG use because they do not understand how 
to interpret and/or make use of their results. This underscores the importance 
of HCPs and patients working collaboratively to make effective use of SMBG 
data.
Supported by: Roche Diagnostics Corporation
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Glucose concentrations at the site of subcutaneous insulin delivery in 
patients with type 1 diabetes
W. Regittnig1, S. Lindpointner1, S. Korsatko1, G. Köhler1, R. Kaidar2,  
O. Yodfat2, H. Köhler3, M. Ellmerer1, T.R. Pieber1,3; 
1Internal Medicine, Medical University of Graz, Austria, 2Medingo Ltd., 
Yokneam Illit, Israel, 3Medical Technologies and Health Management, 
Joanneum Research Forschungsgesellschaft mbH, Graz, Austria.

Background and aims: Type 1 diabetes is presently treated by self-admin-
istration of insulin, either by subcutaneous bolus injection or by continuous 
subcutaneous infusion. Type 1 diabetic patients furthermore separately self-
monitor glucose levels in blood obtained by finger-pricking to guide the ad-
justment of insulin dosage. In order to simplify and improve the treatment 
of type 1 diabetes, we propose to use the site of subcutaneous insulin ad-
ministration for the measurement of glucose. The aim of the present study 
was to test the feasibility of estimating blood glucose concentrations from the 
glucose levels directly measured at the site of subcutaneous insulin delivery 
in diabetic subjects.
Materials and methods: Three 24-gauge microperfusion (MP) catheters were 
inserted into the subcutaneous adipose tissue of ten type 1 diabetic subjects 
(2 females, 8 males; age 39.8 ± 2.9 years; BMI 25.3 ± 1.0 kg/m2; HbA1C 7.6 ± 
0.3 %, all C-peptide negative). One MP catheter was perfused with rapid-
acting insulin (100 U/ml, Aspart), and used for insulin delivery and simul-
taneous glucose sampling during an overnight fast and after ingestion of a 
standard glucose load (75 g). As controls, the other two MP catheters were 
perfused with an insulin-free perfusate (5 % mannitol), and used for glucose 
sampling only. Blood glucose was measured frequently at the bedside. Tissue 
glucose concentrations were calculated from glucose and conductivity levels 
determined in the effluent samples of the MP catheters.
Results: Insulin delivery with the MP catheter was adequate to achieve nor-
moglycemia during fasting and to restore normoglycemia by ~5 hours after 
glucose ingestion. Furthermore, tissue glucose concentrations derived with 
the insulin-perfused probe agreed well with glucose levels measured in blood 
plasma. Bland & Altman analysis revealed a median residual 2SD value of 
31.6 % (interquartile range: 26.4 - 34.6 %), and error grid analysis indicated 
that the percentage number of the tissue values falling in the clinically accept-
able range is 99.6 %. Comparable analysis results were obtained for the two 
mannitol-perfused MP catheters.
Conclusion: Our data suggest that estimation of plasma glucose concentra-
tions from the glucose levels directly observed at the adipose tissue site of 
insulin delivery is feasible and its quality is comparable to that of estimating 
plasma glucose concentrations from the glucose levels measured in insulin-
unexposed adipose tissue.
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The RealTrend study: effect of continuous glucose monitoring on 
metabolic control in addition to pump therapy in poorly controlled type 
1 diabetic patients
D. Raccah1, V. Sulmont2, Y. Reznik3, B. Guerci4, E. Renard5, H. Hanaire6,  
N. Jeandidier7, M. Nicolino8; 
1University Hospital Sainte Marguerite, Marseille, 2University American 
Memorial Hospital, Reims, 3University Cote de Nacre Hospital, Caen, 
4University Hospital Jeanne d’Arc, Nancy, 5University Hospital Lapeyronie, 
Montpellier, 6University Hospital Rangueil, Toulouse, 7University Hospitals, 
Strasbourg, 8Pediatric Endocrinology, University Hospital Debrousse, Lyon, 
France.

Background and aims: Efficacy of insulin pump augmented with continuous 
glucose monitoring (CGM) versus Continuous Subcutaneous Insulin Infu-
sion with standard self-monitoring of blood glucose has not yet been deter-
mined. 
Materials and methods: In this randomized, controlled, multi-center trial, 
132 adults and children with type 1 diabetes, insufficiently treated with mul-
tiple daily insulin injections (A1c> 8%) were assigned to a 6 months treat-
ment in one of 2 study arms: PRT arm, fitted with the Paradigm REAL Time 
System (Medtronic insulin pump with integrated CGM), or CSII arm, fit-
ted with an insulin pump and conventional blood glucose self-monitoring. 
In the PRT arm, patients wore glucose sensors for 9 training days prior to 
baseline HbA1c. HbA1c change between baseline and study end served as 
a primary endpoint in the 2 study arms. Secondary endpoints included hy-
per- and hypoglycemia parameters measured by CGM: average glucose, time 
spent above and below hyper- and hypoglycemia limits, and respective area 
under the curve.
Results: HbA1c was analyzable for 115 patients (46 children, 69 adults) of 
the full analysis population (FAS) and improved between baseline and study 
end in the two groups (PRT, n=55, -0.81%±1.09; CSII, n=60, -0.57%±0.94; 
p=0.087). A per protocol (PP) analysis of 91 patients (35 children, 56 adults) 
who wore sensors over 70 % of the time (as required by the inclusion criteria) 
showed a significant difference in A1c reduction between groups (PRT; n=32; 
-0.96%±0.93, CSII, n=59; -0.55%±0.93, p=0.004). Ancillary analyses revealed 
a significant decrease in HbA1c levels between the screening visit and the end 
of the study (PRT -1.14±1.21, p<0.001; CSII group -0.57±0.91, p<0.001), as 
well as a significant difference in favor of the PRT group (p=0.006) for the en-
tire study population as well for the per protocol population (PRT -1.23±1.08, 
p<0.001; CSII -0.55±0.90, p<0.001; inter-group comparison: p<0.001). In 
PRT group, CGM hyperglycaemia parameters decreased in line with HbA1c, 
without increased hypoglycaemia.
Conclusion: In both FAS and PP populations HbA1c decreased in both study 
arms after treatment was changed from MDI to CSII or PRT, but improved 
significantly more in the PRT group when patients wore the CGM more than 
70% of the time versus CSII.

90
Sensor augmented pump therapy substantially lowers HbA1c;  
a randomized controlled trial
J. Hermanides1, K. Nørgaard2, D. Bruttomesso3, C. Mathieu4, A. Frid5,  
C.M. Dayan6, P. Diem7, C. Fermon8, I.M.E. Wentholt1, J.B.L. Hoekstra1,  
J.H. DeVries1; 
1Academic Medical Centre, Amsterdam, Netherlands, 2Hvidovre Hospital, 
Denmark, 3University of Padova, Italy, 4Catholic University Leuven, 
Belgium, 5Malmö University Hospital, Sweden, 6University of Bristol, 
United Kingdom, 7University of Bern-Inselspital, Bern, Switzerland, 8Lille 
University Hospital, France.

Background and aims: An insulin pump augmented with a continuous glucose 
monitor (CGM) and mealtime insulin dose advisor is the first step towards a 
closed-loop system. This is the first randomized trial to investigate efficacy of this 
integrated system as compared to multiple daily injection therapy with SMBG.
Materials and methods: In an investigator-initiated multinational multicent-
er controlled trial (Eurythmics trial ISRCTN22472013), we randomized 83 
diabetes type 1 patients, age 18-65 years and HbA1c ≥ 8.2%, to receive either 
26 weeks of continuous treatment with a sensor augmented insulin pump 
(SAP) (Paradigm® REAL-Time) or standard care with multiple daily injection 
therapy (MDI). In both arms, treatment was preceded by 6 days of retrospec-
tive CGM use and treatment was optimized based on this information. A 
blinded six day CGM recording was taken in the MDI group at 13 and 26 
weeks. HbA1c at 13 and 26 weeks was measured and the occurrence of severe 
hypoglycaemia (requiring third party assistance) was scored. Analyses were 
performed using ANCOVA models, adjusting for baseline values and centre.
Results: Baseline characteristics in the SAP group (n=44) and MDI group (n=39) 
were: mean age (± SD) 39 ± 12 and 37 ± 11 years; diabetes duration 17 ± 11 
and 21 ± 9 years and 50% and 46% female, respectively, while 43/44 (98%) and 
35/39 (90%) patients completed the trial. Mean HbA1c (± SD) in the SAP group 
decreased from 8.46 ± 0.95% to 7.23 ± 0.65% after 26 weeks. In the MDI group 
mean HbA1c was 8.59 ± 0.82% at baseline and 8.46 ± 1.04% after 26 weeks.
The mean difference in HbA1c change after 26 weeks was -1.10% (95% CI -
1.41 to -0.71, P<0.001) in favour of the SAP group (Figure). The proportion of 
patients reaching EASD/ADA HbA1c target of <7.0% was 34.1% in the SAP 
group and 0.0% in the MDI group, P<0.001. Neither the difference in number 
of severe hypoglycemia episodes (4 in the SAP group versus 1 in the MDI 
group, P=0.22) nor the difference in change in sensor mean area under the 
curve (AUC) for hypoglycaemia (<72 mg/dl) (-0.20 mg/dl*min 95% CI-0.52 
to 0.11, P=0.20) was statistically significant.
Conclusion: Sensor augmented pump therapy effectively lowers HbA1c in 
poorly regulated type 1 diabetes patients without increase in hypoglycaemia. 
The magnitude of the difference in HbA1c change of -1.10% suggests an ad-
ditive and possibly synergistic effect of the insulin pump, mealtime insulin 
dose advisor and CGM.

Supported by: Medtronic MiniMed, Inc.
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OP 16 Metabolic effects of bariatric 
surgery
91
Effect of laparoscopic ileal interposition on beta cell function and insulin 
sensitivity in non-obese patients with type 2 diabetes mellitus
S. Vencio1, A. DePaula1, A. Macedo2, A. Halpern3, A. Mari4, E. Muscelli5,  
E. Ferrannini5; 
1Hospital de especialidades, Goiania, Brazil, 2Hospital Albert Einstein, São 
Paulo, Brazil, 3Universidade Estadual de São Paulo, Brazil, 4CNR Institute 
of biomedical Engineering, Padova, Italy, 5Internal medicine, Università di 
Pisa, Italy.

Background and aims: Bariatric surgery is very effective in achieving weight 
loss and improving type 2 diabetes mellitus (T2DM) in obese patients. Our 
aim was to evaluate T2DM in patients with a BMI below 30 kg/m2 the impact 
of two versions of laparoscopic ileal interposition and sleeve gastrectomy: one 
in which the duodenum is kept in continuity with the stomach (II-SG) and 
another in which a diversion of the second portion of the duodenum is ap-
plied (II-DSG).:
Subjects and methods: Twenty-two (13M/9F; 58±2 years; BMI=26.0±0.7 
kg/m2) and 20 (10M/10F; 60±2 years; BMI=27.3±0.3 kg/m2) T2DM patients 
underwent II-SG and II-DSG, respectively. A standard OGTT (75 g) was per-
formed before and 8-15 months after surgery; C-peptide deconvolution and 
mathematical modelling were used to reconstruct insulin secretion rates and 
beta cell function. In particular, beta cell glucose sensitivity (b-GS, slope of 
the insulin secretion/glucose concentration dose-response curve) and total 
insulin output in response to oral glucose (TIR) were calculated. Insulin sen-
sitivity was estimated from the plasma glucose and insulin responses by the 
OGIS (Oral Glucose Insulin Sensitivity) index.
Results: Mean A1c decreased from 8.15 +- 2.1% to 6.06 +- 1.19 %. With II-
SG, BMI fell to 21.3±0.3 kg/m2 (p<0.05). Fasting plasma glucose (9.4±0.7 
vs 6.6±0.3 mmol/l, p<0.001), 2-hour glucose (20.0±1.1 vs 9.3±1.0 mmol/l, 
p<0.001) and incremental glucose area-under-curve (AUGC) (902±59 vs 
643±76 mmol.1-1.h-1, p<0.05) were lower after surgery. Similar effects were 
seen after II-DSG (BMI to 22.3±0.6, p<0.0001, fasting plasma glucose, 11.3±1.1 
vs 6.3±0.5mmol/l, p<0.001; 2-hour glucose, 19.8±1.2 vs 10.1±1.1 mmol/l, 
p<0.001). TIR increased from 36.8±4.3 to 55.0±6.5 nmol/m2 (p<0.05) with 
II-SG and from 41.3±3.4 to 53.6±3.4nmol/m2 (p<0.05) with II-DSG, while 
b-GS rose from 18±4 to 47±7 pmol.min-1.m-2.mM-1 (p<0.001) with II-SG 
and from 24±5 to 42±6 pmol.min-1.m-2.mM-1 with II-DSG (p<0.05). Insu-
lin sensitivity rose from 265±37 to 410±20 ml.min-1.m-2 (p<0.001) with II-
SG and from 218±23 to 428±19 ml.min-1.m-2 (p<0.001) with II-DSG. In the 
pooled data from both groups, the changes in 2-hour-glucose concentration 
were independently related to the changes in BMI (standardised r=-0.20), 
b-GS (standardised r=-0.36) and OGIS (standardised r=-0.59), with a total 
explained variance of 72%, p<0.0001.
Conclusion: In non-obese (BMI<30) T2DM, laparoscopic ileal interposi-
tion/sleeve gastrectomy, with or without diversion, effectively improves glu-
cose tolerance by augmenting both beta cell function and insulin sensitivity. 
These findings lend support to the concept that the terminal ileum releases 
neuroendocrine signals in response to feeding which favourably impact on 
glucose tolerance (hindgut hypothesis).
Supported by: Hemocue
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Early effects of biliopancreatic diversion on beta cell function in 
morbidly obese subjects with type 2 diabetes mellitus 
L. Briatore, B. Salani, G. Andraghetti, D. Maggi, G. Adami, R. Cordera; 
University of Genova, Italy.

Biliopancreatic diversion (BPD) normalizes glucose tolerance in morbid 
obese subjects with type 2 diabetes (T2DM) improving insulin sensitivity and 
restoring acute insulin response to glucose (AIRg). Since other secretagogues, 
such as arginine, stimulate insulin secretion acting on cellular pathways dif-
ferent from those activated by glucose, we investigated whether arginine 
stimulated insulin secretion was affected by BPD. We studied 13 morbid 
obese subjects (5 male), 6 with and 7 without T2DM, before and 1 month 
after BPD. We measured body weight (BW), BMI, plasma fasting glucose, 
HOMA-IR, insulin secretion after arginine test (5 gr of arginine were infused 
IV in 45 sec at basal glucose concentrations and after infusion of 20% glucose 

solution to reach a glucose concentration of 14 mmol/L). The acute insulin 
response to arginine was calculated as the mean insulin concentration in the 
first 5 min of test minus the value at fasting glucose (AIRa1) and at 14mmol/
L glucose concentration (AIRa2). The Slope of the AIRa [(AIRa2-AIRa1)/
Δplasma glucose] was calculated as a measure of glucose potentiation of β 
cell insulin secretion. Preoperatively T2DM were different from controls 
(NFG) for higher fasting glucose (9.8±0.9 vs. 4.9±0.2mmol/L,p<0.001), lower 
AIRa1 (243±111 vs. 502±86pmol/L,p<0.01), AIRa2 (420±179vs.1395±149 
pmol/L,p<0.001), slope of AIRa (18.5±18.6 vs. 181.9±41.6,p<0.001). Insulin 
sensitivity, measured as HOMA-IR, was not different between T2DM and 
NFG. One month after BPD, in both groups, BW was reduced by 13% but 
all subjects were still morbid obese (mean BMI 40.8). In T2DM fasting glu-
cose returned to normal values and HOMA-IR was improved in both groups 
(2.0±0.3 in T2DM,2.1±0.5 in NFG,p<0.01 vs.pre BPD). AIRa1 was reduced 
in T2DM (163±45 pmol/L) and NFG (502±86 pmol/L), probably in relation 
to the reduction of insulin resistance and fasting glucose. Post BPD any sig-
nificant difference in AIRa2 and slope AIR disappeared due to an increase in 
T2DM (AIRa2 668±338 pmol/L, slope AIR 110.4±18.0) and a reduction in 
NFG (AIRa2 1032±123 pmol/L, slope AIR 88.8±45.8,p=ns vs.T2DM). These 
findings were not correlated with BW changes. The present data show that 
BPD induces an improvement of β function at least partially independent 
by weight loss, acting both on glucose- and not-glucose stimulated insulin 
secretion. The mechanisms underlying the improvement of β cell function 
after BPD are still unknown.
Supported by: Fondazione CARIGE
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Cholesterol absorption decreases after Roux-en-Y gastric bypass but not 
after gastric banding
J.A. Pihlajamäki1, S. Grönlund2, M. Pääkkönen2, L. Moilanen1, E. Pirinen2, 
M. Kolehmainen3, M. Uusitupa3, E. Alhava2, T.A. Miettinen4, H. Gyllling3; 
1Department of Medicine, University of Kuopio, 2Department of Surgery, 
University of Kuopio, 3Department of Clinical Nutrition, University of 
Kuopio, 4Department of Medicine, University of Helsinki, Finland.

Background and aims: Cholesterol synthesis is increased and cholesterol ab-
sorption is decreased in obese and insulin resistant humans. Dietary weight 
loss changes this balance towards decreased synthesis and increased absorp-
tion. Of the different forms of obesity surgery Roux-en-Y gastric bypass 
(RYGB) is superior to gastric banding (GB) in the treatment of diabetes. Our 
aim was to compare effects of RYGB and GB on cholesterol metabolism in 
morbidly obese subjects.
Materials and methods: Fifty-five obesity surgery patients, 29 RYGB and 
26 GB, were examined at baseline and 1 year after surgery. Levels of serum 
cholesterol precursors cholestenol, desmosterol and lathosterol (markers of 
whole-body cholesterol synthesis), and serum plant sterols campesterol, si-
tosterol and avenasterol (markers of cholesterol absorption) were measured 
preoperatively and at 1 year follow-up.
Results: Weight decreased by 25% and 17% in RYGB and GB groups (p<0.001 
in both groups), respectively. As expected both operations decreased serum 
levels of cholesterol synthesis markers by 10-25% (all p<0.001), without a 
significant difference between the groups. However, the expected increase 
in cholesterol absorption markers in response to weight loss was only ob-
served after GB and not after RYGB. The ratio of sitosterol to cholesterol, 
reflecting fractional cholesterol absorption, increased by 18% in GB group 
and decreased by 22% in RYGB group (p=2x10-6 for difference between the 
groups). Although fasting insulin levels improved significantly more after 
RYGB than GB (-59% vs -29%, p<0.001), reflecting more improvement in 
insulin sensitivity after RYGB, the difference in sitosterol ratio between the 
groups remained significant after adjustment for BMI and fasting insulin lev-
els (p=2x10-4), indicating a specific effect of RYGB on cholesterol absorption. 
In both groups the change in serum sitosterol levels correlated positively with 
the change in serum cholesterol levels (r=0.464 and 0.537, p<0.05 in both 
groups), suggesting that cholesterol absorption has a role in the regulation of 
serum cholesterol levels after obesity surgery. However, serum total choles-
terol decreased significantly only after RYGB (-9%, p=2x10-3).
Conclusion: Decrease in cholesterol absorption post RYGB, in addition to 
rapid improvement in blood glucose, is a novel beneficial effect of RYGB in 
comparison to dietary weight loss or GB. More detailed analysis of lipid me-
tabolism in response to different forms of bariatric surgery is required.
Supported by: Finnish Diabetes Research Foundation, Academy of Finland
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Mechanisms of improvement of glucose tolerance in type 2 diabetes 
mellitus after bariatric surgery: gastric bypass vs sleeve gastrectomy
M. Nannipieri1, M. Anselmino2, A. Mari3, B. Astiarraga1, D. Guarino1,  
R. Bellini2, S. Tramontano2, M. Rossi2, E. Ferrannini1; 
1Internal Medicine, University of Pisa, 2Surgery, Azienda Ospedaliera 
Universitaria of Pisa, 3Bio-Engineery, CNR of Padua, Italy.

Background and aims: In morbidly obese patients with T2DM, gastric by-
pass (GBP) restores euglycaemia early after surgery, but data on the effective-
ness of sleeve gastrectomy in resolving or improving type 2 diabetes mellitus 
are scarce. Aims of this study were to investigate extent and mechanisms of 
recovery of ß-cell function and insulin sensitivity in severely obese patients 
with type 2 diabetes mellitus (T2DM) undergoing Roux-en-Y gastric by-pass 
(RYGB, predominantly restrictive) or sleeve gastrectomy (SLV, restrictive).
Materials and methods: 14 obese T2DM subjects (8 subjects treated with 
RYGB and 6 with SLV) were studied before, 15 and, 45 days after surgery. The 
early effects of surgery were assessed by comparing the response to a Mixed 
Meal Test (MMT) (before and 15 days after surgery, in both cases following a 
week of constant, low caloric intake). Insulin sensititvity was assessed by the 
MMT-derived OGIS index and ß-cell function by modelling analysis of the 
C-peptide response to MMT. An OGTT (75 g) was also performed before 
and 45 days after surgery (under conditions of free caloric intake).
Results: At 15 days post-surgery, BMI decreased to the same extent in RYGB 
and SLV subjects (from 46.6±7.8 to 44.3±7.5 kg.m-2 in RYGB and from 
46.4±5.2 to 43.9±5.6 in SLV, mean±SD, p<0.0001). Glucose tolerance im-
proved in both groups 15 days after surgery (mean glucose during the MMT: 
from 8.2±1.9 to 7.4±2.1 in RYGB and from 8.0±1.0 to 6.4±0.4 mmol/l in SLV, 
p=0.02). Mean insulin during MMT decreased in both groups (from 166±67 
to 111±46 in RYGB and from 346±115 to 233±55 pmol/l in SLV, p=0.001). 
ß-cell glucose sensitivity (i.e., the slope of the dose-response curve of insulin 
secretion rates and plasma glucose concentrations) improved after surgery 
in both groups (from 23.2±23.7 to 46.7±38.8 in RYGB and from 44.8±45.3 
to 77.2±83.0 pmol.min-1.m-2.mM-1 in SLV subjects, p=0.05). At baseline, 
insulin sensitivity was similar in RYGB and SLV (299±54 vs 287±16 ml.min-
1.m-2, p=ns). Following surgery, insulin sensitivity tended to improve in all 
subjects (to 314±51 in RYGB and 358±44 ml.min-1.m-2 in SLV, p=0.05). For-
ty-five days after surgery, BMI decreased similarly in both groups and insulin 
sensitivity improved in both groups (from 302±67 to 330±44 in RYGB and 
from 263±20 to 320±49 ml.min-1.m-2, p=0.015).
Conclusion: Glucose tolerance, ß-cell function and insulin sensitivity are all 
improved within 2 weeks of bariatric surgery under conditions of constant 
calorie intake. These effects, which are stabilised 45 days after surgery, are 
equivalent with gastric bypass and sleeve gastrectomy.
Supported by: an EFSD Clinical Research Grant
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Early metabolic effect of Roux-en-Y gastric bypass on insulin-resistance 
in morbidly obese type 2 diabetic subjects
S. Camastra1, S. Bonuccelli1, A. Gastaldelli2, G. Scartabelli3, E. Muscelli1,  
D. Ciociaro2, E. Barsotti1, B. Astiarraga1, F. Santini3, A. Mari4, M. 
Anselmino5, E. Ferrannini1; 
1Department of Internal Medicine, University of Pisa, 2Institute of Clinical 
Physiology, CNR, 3Department of Endocrinology, University of Pisa, 
4Institute of Biomedical Engineering, CNR, Padua, 5IV Surgery, Bariatric 
Surgery Division, Santa Chiara Hospital, Pisa, Italy.

Background and aims: Weight loss after bariatric surgery improves insulin 
resistance (IR). Recent evidence has shown that biliopancreatic diversion, a 
predominantly malabsorptive procedure, restores peripheral insulin sensitiv-
ity early after surgery before important weight loss. Roux-en-Y gastric bypass 
(RYGB), a predominantly restrictive surgery, also has been associated with 
hormonal changes and improved HOMA-IR prior to substantial weight loss. 
However, there are no data regarding the early effect of RYGB on directly 
measured insulin sensitivity, endogenous glucose production (EGP) and 
acute insulin response to intravenous glucose (AIR).
Materials and methods: We studied eleven (3m/8f) morbidly obese type 
2 diabetic (T2DM) subjects (age 49±2 years, BMI=49±2 kg.m-2) before and 
19±1 days after RYGB with the use of the euglycaemic hyperinsulinaemic 
(240 pmol.min-1.m-2) clamp technique in combination with tracer infusion 
(6,6-2H2-glucose and 1-2H-glycerol) to measure EGP and whole-body lipoly-

sis, respectively. AIR was measured following an intravenous glucose bolus 
with the use of C-peptide deconvolution.
Results: After surgery, body weight had decreased by 7% (133±9 vs 123±8 
kg, p=0.003). At this time, fasting plasma glucose (7.9±0.6 vs 6.8±0.4 mmol/l, 
p=0.01) and insulin levels (162±26 vs 92±13 pmol/l, p=0.003) were signifi-
cantly reduced. On the clamp, peripheral insulin sensitivity was increased (M/
I=46±6 vs 33±7 µmol.min-1.kgFFM

-1.pM-1, p=0.03). EGP was not significantly 
modified (HGP=12.6±0.7 vs 11.4±0.7 µmol.min-1.kgFFM

-1, p=ns) but the he-
patic insulin resistance index (EGP x basal plasma Insulin) was significantly 
reduced (from 2.26±0.36 to 1.25±0.12 mmol.min-1.kgFFM

-1.pM, p=0.04) as was 
whole-body lipolysis (as indexed by the rate of systemic glycerol appearance), 
from 494±51 to 267±43 µmol.min-1, p=0.02. AIR, on the other hand, did not 
change significantly (65±19 vs 67±20 (pmol.min-1m-2.mM-1, p=ns).
Conclusion: We conclude that in morbidly obese T2DM subjects, a mostly 
restrictive bariatric operation such as RYGB is associated with an early im-
provement in glycaemia due to increased peripheral, hepatic and adipose tis-
sue insulin sensitivity, while beta cell function is unchanged. As weight loss at 
this time postsurgery is minimal, these metabolic changes are likely to be the 
result of calorie restriction.
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Variation in M1/M2 macrophage balance and HDL-C phenotype in obese 
subjects before and after gastric bypass induced weight loss
J. Aron-Wisnewsky1, J. Tordjman2, C. Poitou1, M. Guerrin3, D. Hugol4,  
N. Veyrie5, K. Clement1; 
1Department of Nutrition and Endocrinology, 2Centre de Recherche des 
Cordeliers, INSERM, U872 team 7, 3INSERM, U551, 4Anatomopathology 
Department, 5Surgery Department, Paris, France.

Background and aims: Macrophages accumulate in adipose tissue in obes-
ity and most likely participate to inflammatory related metabolic complica-
tions. Macrophage amounts vary with adipose tissue amount, site and weight 
modification but it is unknown whether this is accompanied by phenotypic 
changes in humans. Furthermore macrophages infiltration in visceral adipose 
tissue is negatively associated with HDL-Cholesterol concentrations. HDL-C 
subspecies profiles and functions have not yet been precisely characterized in 
obesity and after weight loss. Our aim was to characterize the activation state 
of adipose tissue macrophages in obese subjects, before and after gastric by-
pass surgery and establish a link with HDL-C phenotype variation.
Materials and methods: We performed a single center prospective study. 
36 premenopausal obese women (Body mass index = 44 ± 6 kg/m²) were 
followed before (T0) and three months (T3M) after a laparoscopic gastric 
by-pass. Quantitative HDL subspecies were evaluated at T0 and T3M as well 
as their qualitative features on cellular free cholesterol efflux through SR-BI 
and ABCG1 pathways. Paired surgical biopsies of subcutaneous and viscer-
al adipose tissue were obtained during gastric surgery in a subgroup of 16 
women. A surgical subcutaneous adipose tissue biopsy was obtained in the 
same obese individuals at T3M, and in 10 normal weight individuals during 
programmed surgery. The number of CD40 (M1 cell marker) and CD163 or 
CD206 (M2 markers) positive cells was determined by immunochemistry. 
Differences between before and after surgical weight loss were tested with a 
Student t test.
Results: Gastric by-pass induced a 15% weight loss and a significant im-
provement in insulin resistance, triglyceride and total cholesterol levels. We 
observed a significant 18% increase in large HDL-C subspecies concentra-
tions (p=0.004) and a significant 25% enhancement in large HDL-C capac-
ity to mediate free cholesterol efflux (p=0.0015). These improvements result 
mainly from a decreased CETP activity after weight loss. In the adipose tis-
sue (AT), the number of CD40+ cells significantly increased with obesity and 
in omental AT of obese subjects, while the number of CD163+ or CD206+ 
cells was marginally changed. A 2-fold decrease in the ratio of CD40/CD206 
cells number in subcutaneous adipose tissue of obese subjects was observed 
3 months after gastric surgery (p< 0.001). This was due to the concomitant 
increase of CD40+ and decrease of CD206+ cells counts. Interestingly, the 
improvement of HDL capacity to mediate free cholesterol efflux was strongly 
associated with the increased in M2 macrophage in subcutaneous adipose 
tissue.
Conclusion: In morbidly obeses women, we observe a relationship between 
the variation in M1/M2 macrophage balance and the improvement of HDL-
C antiatherogenic properties after gastric by-pass induced weight loss.
Supported by: FRM
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Glycaemic control and perinatal outcomes of pregnancies complicated 
by type 1 diabetes: multiple daily injections vs continuous subcutaneous 
insulin infusion
I. Saigí1, A. Chico1, L. Santos1, A. Aulinas1, J. Adelantado2, G. Ginovart3,  
A. Garcia-Patterson1, R. Corcoy1; 
1Endocrinology, 2Obstetrics, 3Neonatology, Hospital de la Santa Creu i Sant 
Pau, Barcelona, Spain.

Background and aims: Several studies have demonstrated the superiority of 
continuous subcutaneous insulin infusion (CSII) compared to multiple daily 
injections (MDI) for improving metabolic control of type 1 diabetes (T1DM) 
subjects, but in pregnancy this remains unclear. Recent publications have re-
ported an increased risk of ketoacidosis associated with the use of CSII.
The aim is to compare the degree of metabolic control and maternal and peri-
natal outcomes obtained in pregnancies of women with T1DM, treated with 
CSII or MDI.
Materials and methods: We analyzed 308 singleton pregnancies in women 
with T1DM consecutively attended at our centre. A total of 213 were treat-
ed with MDI (NPH insulin twice a day plus regular or lispro insulin before 
meals), and 95 were treated with CSII (using regular or lispro insulin). All 
patients were in the same modality of treatment before and throughout preg-
nancy.
Patient characteristics, variables of glycemic control and perinatal outcomes 
were analyzed using Chi-square test for categorical variables and non-para-
metric tests for quantitative variables.
Results: Patients in the CSII group were older and had a longer diabetes du-
ration than those treated with MDI. The rate of prepregnancy consultation 
was also higher in the CSII group (92.9% vs 61.9%; p<0.05). Weight gain (14 
vs 13.6 kg), incidence of hypoglycaemic comas (MDI 10% vs CSII 9.5%) and 
ketoacidosis (MDI 1.4% vs CSII 0%) were comparable between both groups. 
Mean blood glucose (MBG) and HbA1c levels were slightly higher at the 3 
trimesters in the CSII-treated group (p<0.05). Perinatal outcomes as prema-
turity, large for gestational age infant (LGA), small for gestational age infant 
(SGA), macrosomia, major malformations, stillbirth, perinatal and neonatal 
mortality and neonatal hypoglycaemia, were comparable between groups.
Conclusion: Perinatal outcomes in women with T1DM treated with CSII or 
MDI were comparable, although the patients treated with CSII showed worse 
baseline characteristics and a slightly worse glycemic control. In our series, 
the use of CSII is not related with the presence of acute complications.
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Prediabetes is associated with similar risks during pregnancy and 
delivery as obesity and overweight
U. Moll1, H. Olsson2, M. Landin-Olsson1; 
1Department of Endocrinology, 2Department of Oncology, Institution of 
Clinical Sciences, Lund University, Lund, Sweden.

Background and aims: Diabetes that occurs during pregnancy (gestational 
diabetes GDM) can result in diabetic fetopathy, which is characterized by 
high birth weight and postnatal complications. In addition to GDM, obesity 
is an increasing problem. Obesity is associated with higher risk for compli-
cations during pregnancy and higher frequency of miscarriage, instrumen-
tal delivery and macrosomic births. Our aim was to study if the prediabetic 
women differed in characteristics during pregnancy and delivery from the 
women without diabetes who were over weighted, since obesity is a risk fac-
tor for developing gestational diabetes and type 2 diabetes
Materials and methods: The Swedish Birth Registry (Medicinska födelsereg-
istret MFR) started 1973 and contains data regarding the health of the moth-
ers during pregnancy and peri- and postnatal status of the infants. In a popu-
lation based large cohort study including 23 524 women aged 35-75 yrs from 
the southern part of Sweden we have identified 802 women with diabetes. 
In the MFR we identified 30 559 pregnancies related to the women in our 
cohort. Using MFR and the cohort we could retrospectively identify the 
pregnancies of diabetic women, women developing diabetes later in life and 
women without diabetes. Overweight was defined as BMI >25. We compared 
characteristics between the prediabetic women (n=1008) and women with-
out diabetes who were over weighted (n=2466). Normal weighted women 
without diabetes were considered a control group (n=42043).

Results: The prediabetic women were significantly younger compared to over 
weighted women (29.4 vs 31.5 years old; p<0.05).
Weight-gain: Prediabetic women and over-weighted women had a similar 
weight gain during pregnancy (13.3 vs. 13.1 kg; p=ns). This weight gain was 
significantly lower compared to controls (14.2 kg; p<0.05 and p<0.001). There 
was an inverse correlation between pre-pregnancy weight and the weight gain 
in both groups. For controls there was a positive correlation.
Weight of the infant: There was no difference regarding the mean weight be-
tween the infants of prediabetic women and over weighted women (3602 
vs. 3659g; p=ns), but the infants were larger compared to controls (3493g; 
p=0,001 and p<0,001 respectively). The prediabetic women had a shorter ges-
tational length (39.6 vs. 39.8 weeks; p<0.05) and the frequency of LGA-infants 
was higher in the group of prediabetic women (10.5% vs 7.1%; p=0.015).
Sectio: the prediabetic women had significantly lower frequency of caesar-
ean deliveries than the over weighted women (4.8% vs. 8.2%; p=0.014). Both 
groups had a higher frequency compared to controls (2.2% p=0,001 and 
p<0,001 respectively).
Apgar: The infants of the prediabetic women had lower mean Apgar scores at 
5 (9.5 vs. 9.7; p<0.001) and 10 minutes (9.6 vs. 9.8; p<0.001) compared to the 
infants of the over weighted women. Controls had significantly higher Apgar 
scores for 1, 5 and 10 minutes compared to both study groups (p<0,005).
Conclusion: Both prediabetic women and over weighted women without di-
abetes had less weight gain than controls. Despite this their infants had higher 
birth weight. The Apgar scores were lower and the frequency of caesarean 
section was higher in both groups, indicating that the deliveries were more 
complicated. Prediabetes seems to be associated with similar risks during 
pregnancy and delivery as over weight and obesity.
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Phenotypic and metabolic characteristics of women with isolated 
hyperglycaemia in pregnancy 
E. Anastasiou, K. Papageorgiou, A. Athanasiadou, K. Economou,  
V. Vasileiou, M. Alevizaki; 
Alexandra Hospital, Athens, Greece.

Background and aims: Although ADA defines Gestational Diabetes Mellitus 
(GDM) by two abnormal values on a 3-h oral glucose test (OGTT), there 
are few studies that have shown that pregnant women with one abnormal 
value (OAV) in the OGTT present features different from those of normal 
women. The aim of this study is to examine in a large cohort of Greek preg-
nant women the phenotypic and metabolic characteristics of OAV women 
compared to normals and GDM, and also to test if the timing of the observed 
hyperglycaemia is related to any difference in their phenotype.
Materials and methods: 6671 pregnant women without known DM under-
went a 100g OGTT in the third trimester of pregnancy. For GDM diagnosis 
the ADA 2000 criteria were used. Among these, 3384 (50.7%) were found with 
4 normal values in the OGTT (Group NGT), 1107(16.6%) had one abnormal 
value (Group OAV), and the remaining 2180 (32.7%) had two or more abnor-
mal values and were diagnosed as GDM (Group GDM). Further we subdivid-
ed the OAV group into three subgroups according to the time of hyperglycae-
mia: 315 had fasting OAV (28.5%), 471 had 1h OAV (42.5%) and 321had 2 or 
3h OAV (29%). Age, height, pre-pregnancy weight and BMI, as well as family 
history of DM were recorded. Insulin sensitivity was measured using the insu-
lin sensitivity index (ISI) of Matsuda and DeFronzo. For beta-cell function the 
index HOMA-B and the Stumvoll formulas for first and second phase insulin 
secretion were used. Finally the product of the first phase Stumvoll index and 
the ISI was calculated to obtain the insulin secretion-sensitivity index (ISSI).
Results: The characteristics of the three main groups NGT, OAV and GDM 
are shown in Table 1(superscripted a,b,c indicate difference from preceding 
group).There was also a significant difference among the three groups with 
regard to family DM history: mother’s (NGT 7.6%, OAV 11.3%, GDM 18.2%, 
p<0.01), father’s (9.6%, 12.9%, 14.7%, p<0.01 respectively).Regarding the 
three OAV subgroups: OAV-Fasting was heavier than the other two; there 
were no differences in ISI among them. On the other hand, the OAV-1h sub-
group had the lower Stumvoll first and second phase compared to the others, 
and also the lowest ISSI.
Conclusion: In this large cohort of pregnant women studied the OAV group 
is clearly in- between the normal and GDM group in all examined param-
eters. Furthermore, isolated hyperglycemia seems to be heterogeneous. Fast-
ing hyperglycemia is mainly characterized by impairment in basal insulin 
secretion, while OAV at 1-h presented significantly diminished stimulated 
insulin secretion. These data suggest that women with OAV need further at-
tention during as well as after pregnancy.
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Table 1
NGT (n=3384) OAV (n=1107) GDM (n=2108) p value

Age 30.0±5.5a 31.6±5.5b 33.1±5.3c <0.01
BMI 24.7±4.5a 25.9±5.2b 27.3±6.0c <0.01
Weight 64.4±12.8a 66.8±14.2b 69.8±16.3c <0.01
Height 161.4±6.3a 160.5±6.2b 159.9±6.4c <0.01
Glucose AUC 18.97±2.51a 22.70±2.09b 28.12±4.16c <0.01
Insulin AUC 1237.5±634.9a 1472.4±708.8b 1705.1±769.6c <0.01
ISI Matsuda 5.2±2.9a 4.1±2.7b 3.1±1.7c <0.01
HOMA-B 266.0±415.3a 199.4±156.2b 166.3±179.0c <0.01
Stumvoll first-
phase

1420.2±552.8a 1306.0±638.3b 1081.3±612.3c <0.01

Stumvoll 
second-phase

370.8±133.9a 348.3±155.3b 298.7±147.9c <0.01

ISSI 6486.3±2339.2a 4480.2±1905.0b 2762.6±1458.9c <0.01
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Diet and weight gain characteristics of pregnant women with gestational 
diabetes
M. Salmenhaara1, L. Uusitalo1, U. Uusitalo1, C. Kronberg-Kippilä1,  
H. Sinkko1, S. Ahonen2, R. Veijola3, M. Knip4, M. Kaila5, S.M. Virtanen1; 
1Department of Lifestyle and Participation, National Institute for Health and 
Welfare, Helsinki, 2Tampere School of Public Health, University of Tampere, 
3Department of Paediatrics, University of Oulu, 4Hospital for Children and 
Adolescents, University of Helsinki, 5Paediatric Research Centre, Tampere 
University Hospital, Finland.

Background and aims: The prevalence of gestational diabetes (GD) has in-
creased worldwide in recent years. Nutritional therapy is the main treatment 
option for GD. The aim of the study was to compare food and nutrient intake 
of women with GD to unaffected women in the 8th gestational month and to 
examine the use of dietary supplements. Additionally the study illustrates as-
sociations of background characteristics with the risk of GD and weight gain 
during pregnancy.
Materials and methods: Food and nutrient intake in a series of 3732 preg-
nant women (70% of the women eligible to the study) was studied using food 
frequency questionnaires (FFQ).
Results: GD was reported in 4.7% of the participating women. The weight 
gain during pregnancy was smaller in women with GD compared to unaffect-
ed women (mean 9.4 kg vs. 12.6 kg, p<0.001). Women with GD had more milk 
products (84 vs. 76 g/MJ, p=0.002), cereal products (21 vs. 18 g/MJ, p<0.001), 
vegetables (32 vs. 22 g/MJ, p<0.001), meat (16 vs. 14 g/MJ, p<0.001) and fish 
(2.6 vs. 2.2 g/MJ, p<0.001) than unaffected women. The intake of total energy 
(10.8 vs. 11.6 MJ, p=0.012) and fat (8.8 vs. 9.3 g/MJ, p<0.001) was smaller 
while intake of protein (10.6 vs. 9.5 g/MJ, p<0.001) and fibre (3.1 vs. 2.4 g/
MJ, p<0.001) was higher in women with GD. The quality of fatty acids in the 
diet was better as well in women with GD. The nutrient density was higher in 
women with GD regarding vitamin A, D and E, folate, calcium and iron.
Conclusion: The diet during late pregnancy in women with GD differed 
profoundly from the diet in unaffected women. Women with GD had larger 
BMI at the beginning of pregnancy but they gained less weight during preg-
nancy. These findings indicate that abnormal glucose tolerance during preg-
nancy encourages women to shape their dietary habits towards healthier food 
choices.
Supported by: Academy of Finland, Medical Research Funds, Turku, Oulu and 
Tampere University Hospitals, JDRF
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Pregnancy outcomes in women with hyperinsulinaemia with impaired 
glucose tolerance prophylactically treated with metformin. A case 
control study
K.N. Todorova - Ananieva1, E.I. Konova2, A.L. Emin2; 
1High-risk Pregnancy Department, Specialized Hospital of Obstetrics and 
Gynecology, Sofia, 2Clinical Institute of Reproductive Medicine, Pleven, 
Bulgaria.

Background and aims: To evaluate the effect of metformin on maternal and 
neonatal outcomes in pregnant women with hyperinsulinemia with normal 
and pathologic glucose tolerance.

Materials and methods: A prospective one year case-control study among 
66 pregnant women with one unsuccessful pregnancy without previous glu-
cose intolerance. 75 grams OGTTs were performed in all women during the 
second pregnancy at 12. gestational week (gw) and at 36. gw. The levels of 
blood glucose and immunoreactive insulin were measured at 0 min. 60 min. 
and 120 min. Women were divided into three groups according to results of 
initial OGTT: n1 = 21 with normal OGTT without hyperinsulinemia, n2 = 
24 with impaired OGTT (IGT) with hyperinsulinemia and n3 = 21 with ges-
tational diabetes mellitus (GDM) with hyperinsulinemia. Women with IGT 
and GDM were placed on metformin (0.75 - 1.5 g/day) according to levels 
of immunoreactive insulin after glucose loading. Participants were matched 
for age, BMI, number of previous pregnancies with abortions. Maternal and 
neonatal complications were recorded. Statistical methods: ANOVA - with 
multiple comparison and chi square test have been used.
Results: No statistically significant difference in mean values for age and BMI. 
The blood glucose levels in early pregnancy measured before and during glu-
cose loading were significantly higher in pregnant with GDM. No difference 
was observed in initial levels of insulin in early pregnancy (0 min. n1 = 11.4 
± 8.5 mIU/ml, n2 = 13.6 ± 4.5 mIU/ml, n3 = 15.8 ± 9.8 mIU/ml, P=0.06), 
but stimulated insulin levels after glucose loading were higher in second and 
third groups (60 min. n1 = 56.8 ± 20.8 mIU/ml, n2 = 70.1 ± 41.9 mIU/ml, n3 = 
74.8 ± 44.1 mIU/ml, P=0.04). BMI in late pregnancy was statistically lower in 
pregnant with normal OGTT (BMI n1 = 26.8 ± 3.6 kg/m2 n2 = 28. 3± 3.6 kg/
m2, n3 = 29.5 ± 4.2 kg/m2, P=0.001). There was statistically difference in mean 
levels of BMI compared in early and late pregnancy in all groups. The level of 
blood glucose in late pregnancy was lowest in second group [(basal: (n1 = 5.9 
± 0.5mmol/l, n2 = 5.6 ± 0.4mmol/l, n3 = 5.8 ± 0.4mmol/l, P=0.04; ( 60 min. 
n1 = 8.1 ± 0.8mmol/l, n2 = 7.3 ± 0.7mmol/l, n3 = 7.4 ± 0.7mmol/l, P=0.01); 
( 120 min. n1 = 7.4 ± 0.9mmol/l, n2 = 6.5 ± 0.3mmol/l, n3 = 6.7± 0.7mmol/l, 
P=0.01)]. The both initial and stimulated levels of insulin were highest in the 
first group [(0 min. n1 = 20.2 ±11.5 mIU/ml, n2 = 17.4 ± 5.8 mIU/ml, n3 = 
14.9 ± 6.1 mIU/ml, P=0.03); ( 60 min. n1 = 88.4 ± 11.5 mUI/ml, n2 = 66.2 ± 
34.7 mIU/ml, n3 = 69.6 ± 24.0 mIU/ml, P=0.01)] in late pregnancy. The levels 
of insulin in late pregnancy were statistically lower in n2 and n3 groups com-
pared to same insulin levels in early pregnancy. No maternal complications 
and birth defects can be attributed to metformin. The newborn’s body weight 
was similar in all groups (n1 =3500.9 ± 443.5 g, n2 = 3560.3 ± 408.9 g, n3 = 
3381.7 ± 267.2 g, P=0.6). Rate of spontaneous abortion was 13.6% (9/66). The 
frequency of miscarriages was highest in the first group 28.5% (6/21). The 
evaluation of risk factors established relationship between the high insulin 
levels in early pregnancy and abortions.
Conclusion: Metformin use during pregnancy improved metabolic markers 
and reduced spontaneous miscarried rates in women with hyperinsulinemia 
and impaired OGTT.

102
Osteocalcin in gestational diabetes mellitus (GDM): does bone cope with 
pancreatic beta cell dysfunction?
Y. Winhofer1, A. Handisurya1, A. Tura2, C. Bittighofer1, K. Klein3,  
B. Schneider4, G. Pacini2, O. Wagner5, A. Luger1, A. Kautzky-Willer1; 
1Department of Internal Medicine 3, Division of Endocrinology and 
Metabolism, Medical University of Vienna, Austria, 2Institut of Biomedical 
Engineering, National Research Council, Padova, Italy, 3Division of 
Obstetrics and Feto-Maternal Medicine, Medical University of Vienna, 
Austria, 4Institute of Medical Statistics, Medical University of Vienna, 
Austria, 5Clinical Institute of Medical and Chemical Laboratory Diagnostics, 
Medical University of Vienna, Austria.

Background and aims: Osteocalcin, an osteoblast derived protein involved 
in bone formation, was reported to exert endocrine function by increasing 
insulin secretion as well as insulin sensitivity, thereby preventing the devel-
opment of diabetes mellitus in experimental animals. Furthermore, patients 
with type 2 diabetes (T2DM) were shown to have decreased levels of osteo-
calcin suggesting that osteocalcin deficiency could in fact play a role in the 
pathogenesis of T2DM. Since gestational diabetes (GDM) serves as a model 
for early changes in the pathophysiology of T2DM and since beta-cell dys-
function seems to be an essential feature of GDM, the aim of this investiga-
tion was to study osteocalcin in GDM pregnancy.
Materials and methods: 37 women with gestational diabetes (GDM) were 
compared to 37 women with normal glucose tolerance during pregnancy 
(NGT) matched for age and BMI (GDM: BMI:29±5,3 kg/m², age:34,4±6,3a; 
NGT: BMI:29,2±5,4 kg/m², age:32±5,4a). All women underwent an oral 
glucose-tolerance-test (oGTT) between 24-28 gestational weeks. Plasma 



S 48 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

concentrations of osteocalcin, lipids, HbA1C were measured at fasting and 
glucose, insulin and c-peptide were assessed at 0, 30, 60, 90 and 120 minutes 
after ingestion of 75g glucose to calculate metabolic parameters (i.e.for insu-
lin secretion, insulin sensitivity) by mathematical modeling. 12 GDM and 12 
NGT were also restudied 8-10 weeks postpartum.
Results: Osteocalcin was significantly increased in GDM compared to NGT 
(15,6±5,6 vs. 12,8±4,3 ng/ml, p=0,0165) during pregnancy. We found a 
weak but significant correlation between osteocalcin and insulin secretion 
(p<0,02) as well as areas under the curve of glucose and c-peptide during 
oGTT. Furthermore, the adaptation index (OGIS*Total insulin secretion), 
which describes the capacity of the beta-cell to release increasing amounts of 
insulin to compensate for rising insulin resistance, was positively correlated 
with osteocalcin (p<0,02). At 8-10 weeks postpartum osteocalcin, as shown 
previously, was significantly increased, but was not different between NGT 
and GDM, who had already regained normal glucose tolerance.
Conclusion: Our data extend previous findings in women with GDM that 
osteocalcin could be involved in regulation of glucose metabolism potentially 
via stimulation of insulin secretion by an endocrine pathway. The fact that 
osteocalcin is elevated in GDM might suggest a compensatory mechanism in 
these women to cope with pancreatic beta-cell dysfunction.

OP 18 Molecular mechanisms of 
type 2 diabetes mellitus and obesity
103
Signatures of selection at the FTO (fat mass and obesity associated) locus 
in human populations
K. Dietrich1, K. Schröck2, D. Schleinitz1, B. Enigk1, I. Müller1, K. Krohn1,  
M. Stumvoll3, P. Kovacs1, A. Tönjes3, T. Schöneberg2; 
1Interdisciplinary Centre for Clinical Research, 2Institute for Biochemistry, 
Department of Medicine, 3Department of Medicine, University of Leipzig, 
Germany.

Background and aims: Polymorphisms in the first intron of FTO (rs9939609) 
were identified in genome-wide association studies as a risk factor for obesity. 
In the Sorbs, a population resident in Eastern Germany, we verified this as-
sociation. However, a SNP (single nucleotide polymorphism) in the third in-
tron of FTO (rs17818920) showed even stronger effects on BMI in the Sorbs. 
This may indicate population genetic-relevant variants of FTO alleles. Since 
comprehensive data regarding FTO evolution are lacking, we initiated studies 
searching for signatures of selection in mammals and human populations.
Methods: First, we analysed the coding region of 13 mammalian FTO or-
thologs with Phylogenetic Analysis by Maximum Likelihood (PAML, ω=dN/
dS) to screen for signatures of selection between species. Second, in 34 non-
related subjects of the Sorbian cohort 307 SNPs of the FTO locus (1 Mb) 
were extracted from the data obtained by genome-wide scans using 500K/6.0 
Affymetrix GeneChips®. Additionally, phased (Phase version 2.1) SNP data 
of the HapMap (Europeans/CEU, Yoruba/YRI, Chinese/CHB, Japanese/JPT) 
and the Sorbs were analysed for signatures of selection with DnaSP version 
4.5 and the Haplotter/PhaseII.
Results: The dN/dS analyses revealed that the FTO gene is highly conserved 
among the species analysed (ω<1), hence being subjected to an overall pu-
rifying selection. Population genetic analyses provide significant evidences 
(p<0.02) for non-neutral evolution of FTO alleles in all investigated popula-
tions. Sliding-window analyses of phased SNP data show highly significant 
(p<0.001) signatures for recent selection specifically in the third intron of 
FTO in the Sorbs and other cohorts (Tajima’s D in Sorbs: 2.77, CEU: 3.60, 
CHB: 2.73, JPT: 3.08, YRI: 3.46).
Conclusion: Population genetic analyses revealed signatures of recent selec-
tion at the FTO locus in Sorbs and other human populations. The strongest 
signal is observed in the third intron, a genomic region where the strong as-
sociation with BMI in the Sorbs was found. Data provide some evidence to 
support the thrifty-gene theory where FTO variants were selected to accumu-
late energy more efficiently.

104
Association between fat intake, physical activity and mortality 
depending on genetiv variation in FTO
E. Sonestedt, B. Gullberg, E. Wirfält, B. Hedblad, M. Orho-Melander; 
Department of Clinical Sciences, Lund University, Malmö, Sweden.

Background and aims: Genetic variation in the fat mass and obesity associ-
ated gene (FTO) has been associated with obesity, appetite regulation and 
mortality. We recently observed interactions between FTO genotype and 
fat intake or physical activity on risk of obesity. The increase in BMI across 
genotypes was mainly restricted to individuals reporting high fat intake or 
low level of leisure-time physical activity. The aim was to examine the as-
sociation between total mortality and FTO genotype and to examine the as-
sociation between fat intake or physical activity and mortality depending on 
FTO genotype.
Materials and methods: In the population-based Malmö Diet and Cancer 
study 4,839 individuals were genotyped for the rs9939609 in FTO, and had 
information on dietary intake (from a modified diet history method), lei-
sure time physical activity (from duration participants spent on 18 different 
physical activities) and direct anthropometric measures. Vital status during 
a mean follow-up of 12.5 years until 31 December 2005 was recorded. We 
used Cox proportion hazard regression model to estimate total mortality for 
FTO genotype and gender-specific tertiles of fat intake (energy percentage) 
or leisure-time physical activity. The analyses were adjusted for sex, age, BMI, 
diabetes status at baseline, alcohol habits, smoking, education, and fat intake 
or leisure-time physical activity. Interaction was assessed by introducing a 
multiplicative factor.
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Results: A total of 462 deaths occurred during the follow-up time. The FTO 
genotype was not significantly associated with mortality (HR, 1.01; 95% CI, 
0.83-1.22 for A-allele carriers compared to TT-carriers). However, among A-
allele carriers, higher fat intake was associated with increased mortality (HR, 
1.42; 95% CI,1.06-1.99; P-trend, 0.02 for highest compared to lowest tertile), 
whereas fat intake was not related to mortality among TT-carriers (P=0.80). 
A tendency of interaction between fat intake and FTO genotype on mortality 
was observed (P=0.16). The interaction was stronger (P=0.04) when exclud-
ing individuals reporting a substantial dietary change in the past (approxi-
mately 25 % of the study population). High leisure-time physical activity was 
associated with decreased mortality among TT-carriers (HR, 0.62; 95% CI, 
0.42-0.93; P-trend, 0.02 for highest compared to lowest tertile), whereas the 
level of physical activity was not related to mortality among A-allele carriers 
(P=0.75). A significant interaction between physical activity level and FTO 
genotype on mortality was observed (P=0.05).
Conclusion: Our results indicate that FTO genotype may modify the associa-
tion between fat intake or physical activity and mortality, and propose that 
risk genotype carriers may benefit from restriction of fat intake.
Supported by: Lund University Diabetes Center
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Amino acid variants in the melatonin receptor type 1B associate with 
increased risk of obesity
E.A. Andersson1, B. Holst2, T. Sparsø1, K. Banasik1, J. Holmkvist1,  
T. Jørgensen3,4, K. Borch-Johnsen5,6, K.L. Egerod2, T. Lauritzen7,  
A. Sandbæk7, T.W. Schwartz2, O. Pedersen1,3, T. Hansen1,8; 
1Hagedorn Research Institute, Gentofte, 2Laboratory for Molecular 
Pharmacology, Copenhagen, 3Faculty of Health Sciences, Copenhagen, 
4Research Centre for Prevention and Health, Glostrup, 5Steno Diabetes 
Center, Gentofte, 6Faculty of Health Sciences, Aarhus, 7Department of 
General Practice, Faculty of Health Sciences, Aarhus, 8Faculty of Health 
Sciences, Odense, Denmark.

Background and aims: Common variants in the Melatonin Receptor type 1B 
(MTNR1B) locus increase fasting plasma glucose (FPG) and the risk of type 
2 diabetes (T2D). The aim of this study was to evaluate if coding variation in 
MTNR1B associates with measures of T2D and obesity.
Materials and methods: The coding regions of MTNR1B were sequenced 
in 47 Maturity-Onset Diabetes of the Young (MODY) probands and in 51 
probands with early-onset (<40 years) familial T2D. Six non-synonymous 
variants (L60R, V124I, rs8192552 (G24E), rs61746674 (R138C), rs8192553 
(R231H) and rs61747139 (K243R)) were genotyped in the population-
based Inter99 (n=6,000), T2D patients from the Danish ADDITION study 
(n=1,567) and additional non-diabetic individuals (n=618) and T2D patients 
(n=1,643) from the Steno out-patient clinic.
Results: Three novel non-synonymous variants (V124I, Y141C, R248Q) 
were identified in three unrelated probands with familial early-onset T2D. 
R248Q and Y141C did not co-segregate with diabetes in the families and 
were not detected in 384 Danish control individuals. V124I was identified in 
one obese (BMI 35 kg/m2) T2D patient (age at diagnosis 36yrs). Among all 
genotyped individuals, the frequency of 124I was 0.4%. 124I associated with 
increased risk of overweight (OR=2.4 [1.3-4.5], P=0.006), obesity (OR=2.4 
[1.2-4.9], P=0.02) and increased BMI (β = 1.9kg/m2 [0.7; 3.1], P=0.002), 
weight (β = 5.2kg [1.5; 8.9], P=0.006) and waist circumference (β = 4.0cm 
[0.8; 7.1], P=0.01). No association with T2D was observed. Codon 24E asso-
ciated with increased risk of overweight (OR=1.2 [1.1-1.3], P=0.004), obesity 
(OR=1.3 [1.1-1.5], P=0.0008) and with increased BMI (β = 0.4kg/m2 [0.1; 
0.7], P=0.004), weight (β =1.1kg [0.3; 2.0], P=0.006) and waist circumference 
(β = 0.9cm [0.3; 1.6], P=0.007). No association with T2D was observed. How-
ever, 24E associated with increased insulin response after an oral glucose load 
(BIGTT-AIR: β = 4% [0.9; 6.5], P=0.01) and decreased FPG (β = -0.032mmol/
l [-0.063; -0.0017], P=0.04), an association that was strengthened when ad-
justing for the difference in BMI (P=0.003). L60R was only present in 6 of all 
genotyped individuals. 60R associated with decreased BMI (β = -4.5 kg/m2 
[-8.8;-0.3], P=0.04). Non-diabetic carriers of 60R had decreased acute insulin 
response, as measured by BIGTT-AIR (β = -60% [-106; -14], P=0.01) and the 
insulinogenic index (β = -85% [-151; -18], P=0.01). No associations with T2D 
or measures of obesity were observed for R138C, R231H, and K243R.
Conclusion: We demonstrate that non-synonymous variation in MTNR1B 
modulates the risk of obesity. 124I and 24E associate with increased the risk 
of overweight and obesity and associate with quantitative measures of obesity, 
while 60R associates with decreased BMI.
Supported by: the FOOD study group, LuCAMP, University of Copenhagen
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Genome-wide expression profiling of human subcutaneous and visceral 
adipose tissue precursor stromal cells
S. Perrini, R. Ficarella, A. Cignarelli, A. Peschechera, A. Conserva,  
M. Barbaro, M.C. Carreira, A. Natalicchio, L. Laviola, F. Giorgino; 
Endocrinology & Metabolic Diseases, University of Bari, Italy.

Background and aims: Multipotent precursor cells can be isolated from the 
stromal-vascular fraction (SVF) of adipose tissue specimens by collagenase 
digestion. In addition, it has been recently observed that mature adipocytes 
possess the ability to divide asymmetrically and produce progeny cells (Adi-
pocyte-Derived Precursors, ADP), which share the same morphological, fi-
broblast-like appearance with the SVF-derived stem cells. The objective of 
this study was to investigate the biological features of these two different pre-
cursor cell populations.
Materials and methods: SVF and ADP were isolated from paired subcutane-
ous (SC) and visceral (V) fat biopsies of 4 subjects (1F/3M, age 65±1 years, 
BMI 24.9±1.4) with normal glucose tolerance, cultured up to 4th passage, and 
then studied. A DNA microarray-based, genome-wide differential gene ex-
pression analysis was performed on SVF and ADP obtained from SC and V 
human adipose tissue. The expression of specific differentiation markers was 
assessed by real-time RT-PCR.
Results: Both types of cells resulted to be positive for the adipogenic lin-
eage markers CD105, CD44, CD49d, whereas they were negative for the 
endothelial and macrophage markers CD106, CD44, CD31 and CD11b, re-
spectively. Of 25,000 genes assessed, microarray analysis identified 254 genes 
that were differentially expressed between SC-SVF and V-SVF (p<0.001), 
including members of the insulin-like growth factor binding protein family 
and of the sterol regulatory element binding transcription factors, and 188 
genes that were found to be differentially expressed between SC-ADP and V-
ADP (p<0.001), including phosphodiesterase 3B, cGMP-inhibited and signal 
transducer and activator of transcription 3 (STAT3). Interestingly, when the 
two precursor cell populations from the same fat depot were compared (SC-
SVF vs SC-ADP and V-SVF vs V-ADP), the pairwise comparison yielded 
correlation coefficients ranging between 0.704 and 0.756, indicating a sig-
nificant biological difference between SVF and ADP cells. Indeed, microar-
ray analysis identified 191 genes differentially expressed between V-SVF and 
V-ADP (p<0.001), including the fat mass and obesity associated (FTO) gene, 
and 272 genes differentially expressed between V-SVF and V-ADP (p<0.001), 
including the wingless-type MMTV integration site family (WNT) gene.
Conclusion: These data demonstrate for the first time the existence of geneti-
cally heterogeneous fat-derived precursor cell populations, which addition-
ally exhibit intrinsic depot-related gene expression profiles. These differences 
in fat cell progenitors may be relevant for the specific biological properties of 
SC and V adipose tissues in humans.
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Gene expression analysis demonstrates presence of a non-coding RNA 
(ANRIL) in human islets and FACs sorted beta cells which has a potential 
regulatory role on CDKN2B expression
A. Pal1, T. Kyriakou2, L.J. McCulloch1, P.R. Johnson1,3, H. Watkins2,  
M.I. McCarthy1,2, A.L. Gloyn1; 
1Oxford Centre for Diabetes, Endocrinology and Metabolism (OCDEM), 
2Wellcome Trust Centre for Human Genetics, 3Nuffield Department of 
Surgery, University of Oxford, United Kingdom.

Background and aims: Genome-wide association studies have identified a 
200Kb region on chromosome 9 which hosts at least 2 independent signals 
for type 2 diabetes (T2D) [susceptibility being mediated through beta-cell 
dysfunction]. The closest protein-coding genes, CDKN2A & CDKN2B are 
tumour suppressors with primary actions as cyclin-dependent kinase inhibi-
tors. In rodents, Cdkn2a over expression leads to islet hypoplasia and reca-
pitulates the T2D phenotype, supporting a model whereby T2D-susceptibil-
ity in humans is mediated by variants which increase CDKN2A/B expression. 
Discovery of a large antisense noncoding RNA (ncRNA), ANRIL, transcribed 
from the region of maximal T2D association, and with the potential to regu-
late CDKN2A/B, raises the possibility that the T2D risk variants have primary 
effects on ANRIL expression or function, leading to tissue- & variant-specific 
effects on the magnitude and balance of CDKN2A/B transcripts. The aims of 
this study were to (i) determine the relative expression profiles of CDKN2A, 
CDKN2B and ANRIL in human islets & beta-cells (ii) determine the ANRIL 
transcripts present in human islets & (iii) investigate a potential regulatory 
role for ANRIL on CDKN2A/B expression. 
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Materials and methods: Relative gene expression profiles of CDKN2A, 
CDKN2B & ANRIL were determined in 22 human tissues including pan-
creatic islets and FACS sorted beta cells using a QRT-PCR approach on an 
ABI 7900HT platform. A combination of rapid amplification of cDNA ends 
(RACE), PCR and capillary sequencing on an ABI 3700 were used to deter-
mine the ANRIL transcripts present in human islets. ANRIL knockdown was 
performed using a custom designed siRNA against ANRIL exon 5 which was 
transfected into HuVec cells using Dharmafect. Transfection efficiency was 
determined using an siRNA to GAPDH and appropriate controls including a 
scrambled siRNA were used. 
Results: ANRIL, CDKN2A and CDKN2B are widely expressed across a panel 
of 22 human tissues with high expression of all 3 in pancreatic islets and 
FACS sorted beta cells. RACE and direct sequencing of amplified transcripts 
demonstrated a single alternatively spliced ANRIL transcript of~1000bp con-
sisting of 7 exons is present in human islets. Preliminary data demonstrates 
that a 60% [48.7%, 71.3%] ANRIL siRNA mediated knockdown leads to a 1.7 
fold increase [1.3, 2.2; n=12] in CDKN2B expression with no detectable effect 
on CDKN2A expression levels.
Conclusion: Our data demonstrate that CDKN2A, CDKN2B and ANRIL 
are widely expressed with high levels of expression in human pancreatic is-
lets and FACS sorted beta-cells. We have identified a single~1000bp ANRIL 
transcript which is present in human islets. Furthermore our data provide 
preliminary evidence for a regulatory role of the ncRNA ANRIL on CDKN2B 
expression supporting our hypothesis that T2D susceptibility may be medi-
ated through ANRIL.
Supported by: the Medical Research Council (MRC)
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Hyperactivity in adrenergic signalling via alpha2A receptors contributes 
to human type 2 diabetes
A. Rosengren, R. Jokubka, D. Tojjar, C. Granhall, J. Tuncel, L. Eliasson,  
P. Rorsman, A. Salehi, L. Groop, V. Lyssenko, H. Luthman, E. Renström; 
Lund University Diabetes Centre, Malmo, Sweden.

Background and aims: Sequence variations in several genes have been dem-
onstrated to contribute to the strong heredity of type 2-diabetes (T2D), but 
the exact pathogenic mechanisms remain largely unknown. Here we under-
take a translational approach to couple genetic variations to detailed mecha-
nistic studies.
Materials and methods: The GK rat is a model of T2D that harbours natural-
ly occurring genetic variations that predispose to hyperglycemia. The major 
diabetes susceptibility locus in the GK rat, the Niddm1 locus, is homologous 
to an important diabetes locus on human chromosome 10. Through repeated 
back-crossing of the GK rat with normoglycemic F344 rats we established 
congenic strains harbouring small segments of GK-derived Niddm1. These 
rats were investigated by insulin release measurements, high-resolution sin-
gle-cell capacitance measurements of exocytosis, gene expression studies, and 
pharmacological and RNAi-mediated rescue experiments. 6000 individuals 
from the Botnia Study well-characterized for insulin secretion were geno-
typed. We also measured insulin secretion from human pancreatic islets.
Results: From investigations of congenic strains with different extent of GK 
genome we identified a 1.4 Mb locus within Niddm1 that confers impaired in-
sulin secretion in vivo and in vitro through defective pancreatic β-cell exocy-
tosis. This locus contains five genes, one of which is Adra2a that encodes the 
alpha2A-adrenergic receptor. Adra2a was overexpressed by 59% (P<0.01) on 
the mRNA level and by 100% (P<0.001) on the protein level in congenic rats 
exhibiting impaired insulin secretion. Adra2a mediates adrenergic suppres-
sion of insulin secretion. Pharmacological receptor antagonism with yohim-
bine or silencing of receptor expression both led to complete normalization 
of insulin secretion in congenic islets. Blockade of the down-stream effector 
(calcineurin) of Adra2a signalling rescued β-cell function. Importantly, our 
results are not confined to rats. Thus, genotyping of 19 SNPs covering 500 
000 bp upstream and downstream of the human ADRA2A gene in 6000 in-
dividuals identified a SNP rs553668 for which risk A allele carriers exhibited 
reduced fasting insulin secretion (P=0.0004), 30% decrease in insulin release 
in response to intravenous glucose (P<0.001) and 10% reduction in response 
to oral glucose (P<0.01), as well as increased risk of T2D. Moreover, human 
pancreatic islets from risk allele carriers secreted less insulin in response to 
glucose, an effect that was rescued by pharmacological inhibition of Adra2a.
Conclusion: The present study demonstrates that overexpression of the al-
pha2A-adrenergic receptor, due to variations in the ADRA2A gene, is an im-
portant mechanism for naturally occurring T2D and that this novel disease 
pathway is of significance for impaired insulin release and T2D in humans. 

In fact, this represents one of the first detailed pathogenic mechanisms for 
human T2D. Interestingly, rs553668 has previously been associated with in-
creased stress sensitivity and high blood pressure in humans, which points to 
a possible common mechanism for components of the metabolic syndrome 
and T2D. The findings could open up exciting possibilities for specific diag-
nosis and therapeutic interventions tailored to the individual patient.
Supported by: an EFSD/MSD grant, Swedish Research Council, Novo Nordisk 
Foundation, Linnaeus grant to LUDC. Human islets through NNCIT
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OP 19 Tissue stress and response
109
Role of p66Shc in the modulation of oxidative stress in human liver cells
F. De Stefano, S. Perrini, A. Natalicchio, F. Tortosa, A. Peschechera,  
M. Melchiorre, S. Martemucci, F. Losurdo, L. Laviola, F. Giorgino; 
Endocrinology & Metabolic Diseases, University of Bari, Italy.

Background and aims: Oxidative stress plays an important role in the patho-
genesis of non-alcoholic and alcoholic fatty liver disease. The p66 Shc pro-
tein isoform (p66Shc), through its phosphorylation on Ser36, modulates the 
intracellular oxidative balance in part by regulating the expression of anti-
oxidant genes via Forkhead transcription factors. Interestingly, p66Shc was 
shown to be overexpressed in human type 2 diabetes. In this study, the role of 
p66Shc in cellular responses to oxidative stress was studied in human HepG2 
liver cells.
Materials and methods: Wild-type p66Shc and mutant p66Shc, in which 
Ser36 had been replaced by Ala (p66Shc-Ala36), were selectively overex-
pressed following infection with recombinant adenoviruses (HepG2/p66Shc 
and HepG2/p66Shc-Ala36, respectively). Expression and phosphorylation 
levels of specific signaling molecules were assessed by immunoblotting tech-
niques. Intracellular ROS generation, in the presence of the DHE probe, was 
evaluated by fluorimetric analysis. Subcellular FoxO3a localization was inves-
tigated by confocal microscopy.
Results: Overexpression of wild-type p66Shc was associated with increased 
p66Shc phosphorylation on Ser36, both under basal conditions and follow-
ing exposure to H2O2 (by 8.0- and 10-fold, respectively; p<0.001 vs mock-in-
fected or non-infected control cells). HepG2/p66Shc cells showed increased 
ROS synthesis, both basally and after H2O2 exposure (p<0.005). In addition, 
Erk-1/2 and Akt phosphorylation was increased, and FoxO3a also showed 
increased phosphorylation levels and consequently reduced nuclear localiza-
tion both basally and after H2O2 exposure (p<0.001 vs controls). Pretreat-
ment of HepG2/p66Shc cells with the MEK inhibitor UO126 significantly re-
duced Erk-1/2 phosphorylation as well as p66Shc phosphorylation on Ser36 
(p<0.001 vs controls), and this was associated with reduced basal and H2O2-
stimulated ROS synthesis (p<0.005 vs controls). Then, HepG2 cells were 
examined following overexpression of mutant p66Shc, in which Ser36 had 
been replaced by Ala (HepG2/p66Shc-Ala36). In HepG2/p66Shc-Ala36 cells, 
the responses to oxidative stress were blunted, since following H2O2 exposure 
phosphorylation of Erk-1/2, Akt and FoxO3a was markedly reduced, and 
ROS synthesis was completely abolished (p<0.001 vs. HepG2/p66Shc cells).
Conclusion: p66Shc overexpression in HepG2 cells leads to inactivation of 
FoxO3a and an increase in intracellular oxidative stress both under basal 
conditions and following exposure to oxidants. This largely occurs via the 
Erk signaling pathway, which also feeds back to promote p66Shc phospho-
rylation and activation. Thus, the p66Shc/Erk/Foxo3a pathway represents a 
novel modulator of oxidative stress-induced injury in liver cells, which might 
be relevant for the development of liver abnormalities in the metabolic syn-
drome and type 2 diabetes.

110
Endoplasmic stress is induced by lipopolysaccharides and high glucose 
and is alleviated by salicylates in cultured primary human adipocytes
S. Alhusaini, K. Lois, K. McGee, P. McTernan, S. Kumar, G. Tripathi; 
CSRI, University of Warwick, Coventry, United Kingdom.

Background and aims: Obesity and type 2 diabetes mellitus (T2DM) are close-
ly associated with chronic inflammation. Adipose tissue may have a significant 
role in obesity associated inflammation but, the mechanisms underlying the 
pathogenesis of obesity induced inflammation remains unclear. Recent find-
ings indicate that endoplasmic reticulum (ER) stress is critical to the initiation 
and integration of pathways of inflammation and insulin action. The ER stress 
occurs when there is an accumulation of unfolded/misfolded proteins, in addi-
tion to other factors. This results in activation of the unfolded protein response 
(UPR) to restore functional integrity which, leads to upregulation of genes such 
as PERK, IRE1α, ATF6 and other protein chaperones. In turn, PERK and ATF6 
interlink the JNK/NFkB pathways, known to be key mediators in obesity in-
duced inflammation. To date, no study has examined the relationship between 
ER stress and inflammation in human adipocytes. Therefore, our aims were to 
determine the existence and causes of ER stress in human adipose tissue and 
primary human adipocytes along with therapeutic interventions.

Methods: Human abdominal subcutaneous (AbSc) adipose tissue (AT) was 
obtained from a Caucasian non-diabetic population (BMI: 27.9±7.3 kg/m2: 
age 36-49 yrs; n=40; all female subjects) that underwent elective liposuction 
surgery, as part of the well established AT collection program. The human 
preadipocytes were isolated from stromal fraction, grown and fully differenti-
ated into human adipocytes (n=5). Well differentiated adipocytes were then 
treated with LPS (100ng/ml to 10μg/ml), tunicamycin (750ng/ml), high glu-
cose (30mM) and in combination with 20mM salicylate, salicylate alone and 
with and without DMSO (controls). To characterise protein expression of the 
key markers relevant to ER stress, inflammation and insulin signalling path-
way, total protein and RNA was extracted from adipose tissue and cultured 
adipocytes using standard protocol. Western blots and Real-Time RT-PCR 
were performed to examine protein and RNA expression levels.
Results: The expression of ER stress proteins Calnexin1, BiP1, Ero-1α, PDI, 
IRE1α and Phospho-PERK were significantly increased in AbSc AT from 
obese compared to lean subjects (n=4; p<0.05 to p<0.001). Additional data 
has identified upregulation of inflammation markers NFκB, TRAF6 and 
myd88 in AbSc AT of obese compared to lean individuals. ER stress proteins 
phospho-eIF2α (n=5; p<0.005) and calnexin (n=5; p<0.02) were both signifi-
cantly induced by LPS, tunicamycin and high glucose proving the existence 
of ER stress in differentiated human adipocytes. In the same adipocytes ER 
stress was significantly reduced when treated with anti-inflammatory com-
pound salicylate. Similarly, phospho-Akt (S473) (n=5; p<0.002), which is an 
important member of insulin signalling pathway was also activated when ER 
stress was down-regulated by salicylate.
Conclusion: Our findings highlight, for the first time, ER stress in human 
AbSc AT from obese subjects as compared with lean subjects. From this 
study we also conclude that salicylates improve insulin sensitivity and alle-
viate ER stress induced by LPS and high glucose in cultured primary hu-
man adipocytes. Our future aim is to investigate the mechanisms of ER stress 
pathways and ER stress induced inflammation pathways in fully differenti-
ated human adipocytes.
Supported by: Health Department, Government of UAE
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ASK1 specifically in adipocytes is constituent of adipose tissue stress 
response in central obesity: potential role of oxidative stress and 
inflammatory cytokines
A. Maissel1, M. Blüher2, T. Tarnovscki1, I. Shai1, I. Harman-Boehm1,  
M. Stumvoll2, N. Bashan1, A. Rudich1; 
1Ben Gurion University, Beer Sheva, Israel, 2University of Leipzig, Germany.

Background and aims: Ask1 is a MAP3K known in certain cells to mediate 
the activation of p38MAP kinase and JNK in response to oxidative stress, 
inflammatory signals (TNF-R, Toll-like receptors) and endoplasmic reticu-
lum stress. We previously reported that in human obesity omental fat exhibits 
activation of JNK and p38MAP kinase in correlation with the degree of obes-
ity-related cardio-metabolic risk. The aim of the present study was to assess 
the possible role of Ask1 specifically in adipocytes in adipose tissue stress 
response.
Materials and methods: We utilized two independent cohorts, in Leipzig, 
Germany, and in Beer-Sheva, Israel, from whom paired omental (OM) and 
subcutaneous abdominal (SC) fat samples were obtained. The protein expres-
sion and phosphorylation of Ask1 and its mRNA levels were assessed. To 
investigate Ask1 activation specifically in adipocytes we separated adipocytes 
from the stromal-vascular fraction (SVF) by collagenase digestion, and uti-
lized 3T3-L1 adipocytes.
Results: Obesity was associated with elevated expression of Ask1 in OM at 
both the mRNA (~1.5-fold, p<0.05) and protein levels (~2-fold, p<0.05), 
as compared to the paired SC depot, and as compared to OM fat from lean 
people. Ask1-mRNA levels correlated in OM more strongly than in SC with 
fasting insulin levels and the glucose infusion rate during euglycemic-hyper-
insulinic clamp (r=0.349 and r=-0.510, respectively, both p<0.001, n=196), 
and with triglycerides and non-esterified fatty acid levels. Moreover, Ask1 
phosphorylation on its auto-phosphorylation site, which confers activa-
tion, was elevated 2-2.5 fold in OM of obese women, and correlated with the 
phosphorylation of the MAP2K MKK4 (r=0.474, p<0.01, n=19) and that of 
p38MAP kinase (r=0.596, p<0.01, n=19). To verify the specific contribution 
of adipocytes to the increased OM Ask1, collagenase digestion of fat biopsies 
was performed, and Ask1-mRNA was assessed separately in OM adipocytes 
versus OM SVF. Whereas in lean persons SVF had 6-fold higher expression of 
Ask1, persons with predominantly subcutaneous obesity (determined by CT) 
had ~2.5-fold higher expression in the adipocytes, with no change in the SVF. 
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In persons with predominantly intra-abdominal obesity Ask1 mRNA levels 
increased 4.3-fold and 1.5-fold in adipocytes and SVF fraction, respectively 
(both p<0.05) compared to the lean group. Furthermore, the Ask1-MKK4-
p38MAPkinase cascade could be activated in 3T3-L1 adipocytes by TNFα, 
IL-1β and by exposure to H2O2.
Conclusion: Ask1, specifically in adipocytes, is a MAP3K activated in intra-
abdominal fat in human obesity, being regulated at both the expression and 
phosphorylation levels. In cultured adipocytes it can be activated by pro-in-
flammatory cytokines and by oxidants, potentially reflecting on the stress-
type and stress response developing in intra-abdominal fat in obesity.
Supported by: IASD, ISF, the DFG, Clinic Research Group Atherobesity KFO 
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Skeletal muscle oxydative capacity is increased in Erk1 deficient mice
V. Corcelle1, J. Jager1, G. Pages2, J. Pouysségur2, Y. Le Marchand Brustel1, 
J. Tanti1, F. Bost1; 
1Physiopathologie Cellulaire et Moléculaire du Diabète et de l’obésité, 
INSERM U895, 2Université Nice Sophia Antipolis, CNRS UMR 6543, Nice, 
France.

Background and aims: Skeletal muscle exhibits metabolic flexibility. Under 
fed condition muscle uses glucose whereas during fasting it oxidizes lipids. 
In type 2 diabetic patients, the failure of a such switching is associated to 
intramuscular triglyceride accumulation (lipotoxicity) and insulin resistance. 
Some members of the MAPK family are implicated in the downregulation 
of insulin action and signaling. We have shown that Erk1-/- mice are resist-
ant to high fat diet-induced obesity and protected from insulin resistance. 
Moreover, these mice display a higher post-prandial metabolic rate and are 
protected against lipotoxicity. Here, we investigate Erk1-/- skeletal muscle 
oxydative capacity to determine whether Erk1 invalidation could protect 
from lipotoxicity.
Materials and methods: Ten weeks old Erk1-/- and WT mice are sacrified 
after 16h of fasting. Protein expression is determined by Western Blotting and 
enzymatic activity with commercial kits. Electron microscopy and immun-
ofluorescence studies were performed on isolated muscles in order to investi-
gate mitochondria phenotype and muscular fiber composition, respectively.
Results: Under fasting, a situation rising fatty acid flux, Erk1-/- muscles 
display a higher expression of proteins involved in fatty acid oxidation (M-
CPT1, LCAD, MCAD) and in oxydative phosphorylation (complexes 1, 2, 
4; cytochrome C; UCP3). Mitochondrial complex activity and expression 
of transcription factors regulating fatty acid oxidation steps (PGC1, PPARa, 
ERRa, MEF2, FOXO1) as well as some of their targets (TFAM, MHC1) are 
also increased in Erk1-/- muscles. Furthermore, mitochondrial content and 
fiber composition are modified in Erk1-/- mice. AMPK is an important ener-
gy sensor which activation promotes fatty acid oxidation by phosphorylating 
Acetyl CoA Carboxylase (ACC). Phospho AMPK and phospho ACC expres-
sion is increased in Erk1-/- muscles as compared to WT mice muscle.
Conclusion: Erk1 invalidation seems to induce an increased oxidative capac-
ity that could explain that Erk1 deficient mice are protected from lipotoxicity 
and display an improveed insulin sensitivity. Thus, targeting specifically Erk1 
may represent a new pharmacological strategy to fight obesity and insulin 
resistance.
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The Tpl2 kinase is up-regulated in adipose tissue in obesity and mediates 
IL-1beta and TNFalpha effects on ERK activation and lipolysis
J.-F. Tanti1, J. Jager1, T. Grémeaux1, S. Bonnafous2, H. Vidal3, P. Gual2,  
M. Cormont1, Y. Le Marchand-Brustel1; 
1INSERM U 895, Team: Molecular and Cellular Patophysiology of Obesity 
and Diabetes, Nice, 2INSERM U 895, Team: Hepatic complications of 
Obesity, Nice, 3INSERM U 870, Lyon, France.

Background and aims: Cytokines impair insulin action, increase lipolysis 
and alter adipocytes biology taking part in the development of insulin resist-
ance and diabetes. Activation of the ERK pathway in adipocytes by inflamma-
tory cytokines such as TNF-α and IL-1β could be an important component in 
the development of the alterations of adipose tissue function that participate 
in the insulin resistance. Thus, the identification of regulatory proteins that 
govern the activity of ERK specifically in response to inflammatory cytokines 
may provide important insights into mechanisms that promote metabolic 

diseases.MAP kinase and IKK/NFkappaB pathways often act synergistically 
to mediate cytokine action. It is thus possible that in adipocytes proteins that 
control cytokine-induced ERK activation are regulated by IKK/NFkappaB 
pathway. One interesting candidate could be MAP kinase kinase kinases 
(MAP3K) that regulate ERK through the phosphorylation and activation of 
MEK. Therefore, the aim of present study was to identify upstream kinase 
specifically involved in ERK activation by inflammatory cytokines and to ad-
dress its implication in the alteration in adipocytes biology.
Materials and methods: Pharmacological inhibitors were used to inhibit 
IKKβ or Tpl2 activation and small interfering RNA (siRNA) was used to 
silence Tpl2 in 3T3-L1 adipocytes. Kinase activation and expression were 
analyzed by Western Blot. Gene expression was measured by real-time PCR 
in 3T3-L1 adipocytes and in adipose tissue of obese and morbidly obese pa-
tients and of obese mice. Lipolysis was monitored through the glycerol re-
lease in cells medium.
Results: IKKβ inhibition prevented MEK and ERK1/2 activation in response 
to IL-1β and TNFα, suggesting that IKKβ regulates a MAP kinase kinase ki-
nase (MAP3K). We found that the MAP3K8 Tpl2 is expressed in both 3T3-L1 
and human adipocytes and is activated by IL-1β and TNFα and that IKKβ 
inhibition prevented its activation in adipocytes.Both in 3T3-L1 adipocytes 
or in human adipocytes pharmacological inhibition of Tpl2 or its silencing 
prevented MEK/ERK1/2 activation by IL-1β and TNFα but not by insulin 
highlighting its involvement in ERK1/2 activation specifically in response 
to inflammatory cytokines. Prolonged treatment of 3T3-L1 adipocytes with 
IL-1β or TNFα markedly up-regulated the expression of Tpl2 via an IKKβ 
dependent-pathway, and Tpl2 mRNA level is increased in adipose tissue of 
obese mice and obese patients and is correlated with TNFα level. Finally, Tpl2 
silencing or its pharmacological inhibition reduced lipolysis in adipocytes.
Conclusion: Our results identify Tpl2 as an inflammatory kinase specifically 
involved in inflammatory cytokines-induced ERK activation in adipocytes 
and reveal its deregulated expression in human obesity. Our data also raise 
the possibility that pharmacological targeting of Tpl2 could prevent the del-
eterious effect of cytokines on adipocytes biology.
Supported by: Hepatic and adipose tissue and functions in the metabolic syn-
drome (HEPADIP) grant
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Adiponectin and skeletal muscle: pathophysiological implications during 
metabolic stress
J. Jortay1, M. Senou2, L. Noel1, M.-C. Many2, S. Brichard1; 
1Unit of endocrinology and metabolism, 2Université Catholique de Louvain, 
Brussels, Belgium.

Introduction: Adiponectin (ApN) is a hormone exclusively secreted by adi-
pocytes under normal conditions. This adipokine exhibits insulin-sensitizing 
and anti-inflammatory properties as well as modulatory effects on oxidative 
stress thereby thwarting several disorders belonging to the metabolic syn-
drome. We have recently shown that ApN was paradoxically induced in skel-
etal muscle of obese and insulin-resistant ob/ob mice and related to oxidative 
stress. We hypothesized that this paradoxical upregulation of muscular ApN 
in obese mice could be viewed as a local protective mechanism to counteract 
oxidative damage.
Objective: To test this hypothesis, ApN-knockout (ApN-KO) mice and wild-
type (WT) mice were rendered obese and insulin-resistant by administration 
of a western diet (WD; high-fat/high sucrose). We examined whether muscles 
of ApN-KO mice exhibited higher degree of oxidative stress, inflammation 
and apoptosis than those of WT mice when challenged by a WD and whether 
these abnormalities could be corrected by local administration of ApN.
Methods: ApN-KO mice (with virtually undetectable circulating ApN) and 
WT mice were fed with a WD or a standard laboratory diet (SD) for 6 wks. 
Next, mice were killed and tibialis anterior muscles were collected for im-
munohistochemistry. In additional experiments, after 2 wks on WD, muscle 
transfer of ApN gene was performed in anesthetized ApN-KO mice by injec-
tion of ApN cDNA containing-plasmid followed by electroporation in one 
tibialis anterior, the contro-lateral muscle being electroporated by a control 
plasmid. Mice were maintained on the WD for 4 additional wks. ApN was 
overexpressed only in the muscle injected with ApN cDNA without any rise 
in circulating levels of the adipokine.
Results: We first extended our data in ob/ob mice and showed that WT mice 
rendered obese by the WD diet, unlike those receiving the SD, displayed a 
positive labelling for ApN in myocytes. When challenged by the WD, ApN-
KO mice were more obese and insulin-resistant than WT mice. Muscles of 
ApN-KO exhibited myotube degenerescence when compared to WT mice, 
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especially after the WD-induced challenge. We searched for the underlying 
mechanisms. Even in basal conditions (SD), myotubes of ApN-KO mice al-
ready displayed a positive immunolabelling for 2 markers of oxidative stress 
(peroxiredoxin 3/5) as well as for a lipid peroxidation product (hydroxynone-
nal). The pro-inflammatory cytokine (TNF-alpha) and a marker of apoptosis 
(caspase-6) were also already present in muscle of these mice, but not in those 
of WT mice. After the WD challenge, immunoreactivity for these markers 
was much stronger in muscle of ApN-KO mice, while being detected at a 
lesser extent in WT mice. When compared to WT mice (whatever the diet), 
nuclear immunolabelling for NF-kB doubled in myocytes of ApN-KO fed 
the SD and further increased when these mice were on the WD. Eventually, 
transfer of ApN gene prevented muscle stress in ApN-KO mice challenged by 
the WD (reduction of oxidative stress and inflammatory markers compared 
to the contro-lateral untreated muscle).
Conclusion: Induction of muscular ApN may be triggered by conditions as-
sociated with obesity and insulin resistance. This induction in muscle appears 
to be crucial to counteract locally oxidative stress, inflammation and subse-
quent apoptosis. These results may have repercussions in the pathophysiol-
ogy of the metabolic syndrome.

OP 20 Beta cell biology
115
Fluorescence based real-time analysis of stimulus-secretion coupling in 
mouse beta cells
M.T. Kaminski1, H. Schmitt1, S. Lenzen1, S. Baltrusch1,2; 
1Institute of Clinical Biochemistry, Hannover Medical School, 2Institute 
of Medical Biochemistry and Molecular Biology, University of Rostock, 
Germany.

Background and aims: Glucose is the main stimulus of insulin secretion in 
pancreatic beta cells. Expression of the high capacity GLUT2 glucose trans-
porter in beta cells facilitates glucose uptake close to the extracellular con-
centration. Glucokinase (GK) phosphorylates glucose in the first and rate 
limiting step of glycolysis and plays the pivotal role of a glucose sensor in 
beta cells. Thus, glucose recognition by cooperative action of GK and GLUT2 
is vital for the subsequent machinery of insulin secretion. Recently we could 
establish a fluorescence resonance energy transfer (FRET) based glucose spe-
cific nanosensor (FLIPglu) to monitor the intracellular glucose concentra-
tion. Therefore the aim of this study was to characterize in real-time glucose 
uptake and metabolism in primary mouse beta cells in comparison to insu-
lin-secreting MIN6 cells and with respect to insulin secretion.
Materials and methods: FLIPglu expression in primary mouse beta cells was 
achieved by transduction with a recombinant adenovirus. In addition an in-
sulin-secreting MIN6 cell clone stably expressing FLIPglu was used. Using 
fluorescence microscopy, the dynamic changes in the intracellular glucose 
concentration were analyzed in a perifusion chamber in the absence and 
presence of glucose and selective inhibitors of glucose uptake and metabo-
lism, respectively. FRET calculations as an enhanced yellow fluorescence pro-
tein (EYFP)/enhanced cyan fluorescence protein (ECFP) emission intensity 
ratio upon ECFP excitation were performed offline. Insulin was analyzed in 
the perifusion medium by ELISA.
Results: Glucose homeostasis in primary mouse beta cells could be de-
picted by calculating the rates of uptake and metabolism. Glucose uptake in 
mouse beta cells was significantly higher than in MIN6 cells upon addition 
of Krebs Ringer medium containing 10 mM glucose. However, the increase 
of the EYFP/ECFP ratio was accompanied by a subsequent increase in in-
sulin secretion. Interestingly, glucose consumption which was calculated as 
a decrease of the EYFP/ECFP ratio after glucose removal was comparable 
in primary beta cells and MIN6 cells. Incubation of cells in medium sup-
plemented with 10 mM 3-O-methylglucose caused in the presence of 10 mM 
glucose a significant decrease in the glucose uptake compared to incubation 
at 10 mM glucose alone. While the glucose uptake capacity was reduced by 
50 % in mouse beta cells, the reduction was 80 % in MIN6 cells. When mouse 
beta cells and MIN6 cells were perifused with a mixture of 10 mM glucose 
and 10 mM mannoheptulose glucose metabolism was reduced by 50 % due 
to inhibition of GK.
Conclusion: Glucose metabolism mediated by GK in MIN6 cells is com-
parable to that in primary mouse beta cells, while glucose uptake is altered 
possibly due to a lower expression of the GLUT2 glucose transporter. The 
adenoviral FLIPglu sensor construct is a useful tool to analyze in future stud-
ies glucose homeostasis of primary beta cells in type 2 diabetes. This may pro-
vide new insights into the defects in the beta cell stimulus-secretion coupling 
in the diabetic state.

116
Disruption of TFB1M impairs insulin secretion in beta cells
T. Köck, M. Dekker Nitert, A. Olsson, O. Kotova, J. Stamenkovic,  
V. Lyssenko, L. Groop, H. Luthman, C. Ling, H. Mulder; 
Clinical Sciences in Malmö, Lund University, Malmö, Sweden.

Background and aims: The nucleus encoded mitochondrial transcription 
factor B1 (TFB1M), a protein homologous to bacterial di-methyltransferases, 
has recently been shown to be crucial for mitochondrial translation. Using 
gene microarray analysis, we previously found that TFB1M gene expression 
is reduced in whole pancreatic extracts from diabetic GK compared to non-
diabetic Fisher rats. This suggests a possible role for TFB1M in insulin secre-
tion, given that maintenance of the mitochondrial proteome is essential for 
mitochondria-based stimulus secretion coupling. Here, we examined gene 
expression of TFB1M in islets from GK rats, and the effects on insulin secre-
tion and mitochondrial ATP production following TFB1M knock down in 
INS-1 832/13 clonal beta-cells.
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Materials and methods: RNA expression of TFB1M was analysed in pancre-
atic islets from GK and Fisher rats and in clonal 832/13 β-cells, using Taq-
Man qRT-PCR. Knock down was achieved by RNA interference. TFB1M was 
detected by immunoblotting. Insulin secretion was determined by RIA. ATP 
levels were detected by luciferase assay.
Results: Islets from the GK rat strain, a diabetic rat mode, showed a 50 % 
reduction in TFB1M mRNA expression compared with the normoglycemic 
F344 rat (P = 0.006). qRT-PCR analysis and detection of TFB1M by immu-
noblotting confirmed knock down of TFB1M by RNA interference in INS-1 
832/13 beta-cells. TFB1M knock down resulted in a significant decrease in 
basal and glucose-stimulated insulin secretion (GSIS; 175 vs. 114 ng/mg/h; 
P<0.05). Impaired GSIS was accompanied by a decrease in mitochondrial 
and increase in glycolytic ATP production.
Conclusion: We show reduced expression of TFB1M in islets from the dia-
betic GK rat strain. Reduced expression of TFB1M in INS-1 832/13 clonal 
beta-cells impairs insulin secretion and alters ATP production. These find-
ings indicate that: (1) TFB1M knock down causes profound changes in mi-
tochondrial function/structure and metabolism in INS-1 832/13 cells; (2) the 
knock down of TFB1M in INS-1 832/13 cells represents a suitable model to 
study the cellular mechanisms causing impaired insulin secretion. Studies of 
TFB1M in relation to mitochondrial function and structure also opens a new 
avenue for research in pancreatic islet cell biology.
Supported by: Swedish Research Council
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Metabolite profiling of clonal (832/13) beta cells after glucose stimulation
P. Spégel, A. Danielsson, C. Nagorny, H. Mulder; 
Lund University Diabetes Centre, Unit for Molecular Metabolism, Malmö, 
Sweden.

Background and aims: The pancreatic beta-cell secretes insulin in response 
to elevated blood sugar levels. Two different pathways, the triggering and the 
amplifying pathways, have been identified as responsible for this stimulus-se-
cretion coupling. Whereas signaling in the triggering pathway has been well 
studied, the identity of the signals in the amplifying pathway has remained 
essentially unresolved. Here, we have profiled the beta-cell metabolome fol-
lowing glucose stimulation. By monitoring the dynamics of beta-cell metabo-
lism, we aimed for an unbiased identification of possible metabolic signals.
Materials and methods: INS-1 832/13 cells were starved for two hours at 
2.8 mM glucose, followed by a 16.7 mM glucose stimulation. The cell cul-
tures were subsequently quenched at different times in the interval of 0 to 30 
min. Metabolites were extracted, derivatised, and subsequently analysed by 
gas chromatography/mass spectrometry (GC/MS). Orthogonal projection to 
latent structures (OPLS) was used to correlate the metabolic profile with the 
time of quenching.
Results: Three OPLS models were calculated to account for metabolic altera-
tions during the first 15 min, the last 15 min and the whole time interval. The 
corresponding loading plots showed that proteolytic amino acids, exempli-
fied by hydroxyproline, were continuously down-regulated, whereas serine, 
being an important precursor of many amino acids, purines, and pyrimidine 
was up-regulated. Several amino acids also showed an initial decrease fol-
lowed after 15 min by a clear stagnation, which probably indicated a switch 
from protein catabolism to anabolism. Also ribose-5-phosphate, a pentose 
phosphate pathway intermediate, was up-regulated during the last 15 min in-
vestigated, which indicates increased biosynthesis. Succinate exhibited a late 
rise, which could reflect a higher level during starvation due to the entrance 
of amino acids proximal to succinate in the TCA cycle. All other glycolytic 
and TCA cycle intermediates were strongly up-regulated during the whole 
interval. The model was confirmed by raw data analysis and t-tests.
Conclusion: We suggest that a putative metabolic coupling signal should 
have a response curve that is correlated or inversely correlated with the in-
sulin secretion profile. In the present investigation, several metabolites were 
identified with levels which were tightly coupled to the extracellular glucose 
level. Experiments are in progress to investigate the stimulation response 
during a shorter time span, as well as the alterations evoked by a drop in 
glucose levels.
Supported by: an EFSD/MSD grant and Swedish Research Council

118
Expression and possible roles of NOX family NAD(P)H oxidases in 
pancreatic islets of NOX-specific knockout mice
N. Li1, B. Li2, K.-H. Krause2, P. Maechler1; 
1Department of Cell Physiology and Metabolism, 2Department of Pathology 
and Immunology, University of Geneva, Switzerland.

Background and aims: Elevated production of reactive oxygen species 
(ROS) has been proposed to contribute to pancreatic beta-cell impairment in 
diabetes. Although the presence of phagocyte-like NOX family NAD(P)H ox-
idases, a potential source of ROS, has been studied in rat pancreatic islets and 
beta-cell lines, their role in islet function remains poorly characterized due to 
lack of specific inhibitors and reliable antibodies. Here, functional analysis of 
NOXs in islets was carried out using NOX isoform-specific knockout mice.
Materials and methods: Expression of NAD(P)H oxidase components in 
C57BL/6J mouse and human islets was tested by RT-PCR. Next, islets isolated 
from wild-type (WT) and knockout mice for specific NOX isoforms (koNOX-1, 
-2 and -4), were used to establish correlation between glucose-stimulated insulin 
secretion (measure by RIA) and NOX-derived superoxide generation (measured 
by NBT). In koNOX-2, islet morphology, beta-cell mass and insulin contents 
were determined (immunostaining) and glucose homeostasis was examined by 
ipGTT, plasma insulin levels (ELISA) and HOMA test. Additionally, effects of 
non-selective NOX inhibitor DPI on glucose-stimulated insulin secretion was 
evaluated on WT and koNOX-1, -2 and -4 mouse islets to test for specificity.
Results: Both mouse and human pancreatic islets expressed membrane-as-
sociated NOX-2 and -4, NOX-2 being the predominant isoform. NOX-1 
and cytosolic components, such as p22phox, p40phox, p47phox, p67phox, 
NOXO-1, NOXA-1 were also detected in mouse islets. A negative correlation 
(r=-0.96, p<0.05) was found between glucose-induced insulin secretion and 
NOX-derived superoxide generation comparing WT and koNOX-1, -2 and 
-4 islets. Compared to WT, koNOX-2 islets stimulated with 22.8 mM glucose 
exhibited potentiated insulin release (+213%, p<0.005) associated with lower 
superoxide production (-37%, p<0.05). No differences in islet organisation, 
beta-cell mass and insulin contents were observed. The NOX inhibitor DPI 
exhibited a general inhibitory effect on insulin secretion in WT and all koN-
OX islets, showing the lack of specificity of this inhibitor. Mice deficient for 
NOX-2 exhibited glucose intolerance (p<0.05) associated with slightly higher 
plasma insulin levels, suggesting insulin resistance. This was corroborated by 
the observed elevated HOMA index (+62%, p<0.01).
Conclusion: NOX-2 is the most abundant NAD(P)H oxidase in human and 
mouse islets. NOX knockouts represent a valuable experimental model for 
the study of NAD(P)H oxidases and show that studies using non-specific 
NOX inhibitors might be misleading. NAD(P)H oxidases positively contrib-
ute to glucose-induced ROS generation and negatively regulate insulin secre-
tory function.
Supported by: an EFSD/Novo Nordisk grant; Swiss National Foundation
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Characterization of the insulin secretory profile in islets isolated from 
beta cell specific glutamate dehydrogenase knockout mice
L. Vetterli1, S. Carobbio1, R. Martín-del-Río2, J. Tamarit-Rodriguez2,  
P. Maechler1; 
1Department of Cell Physiology and Metabolism, University of Geneva, 
Switzerland, 2Department of Biochemistry, Complutense University, 
Madrid, Spain.

Background and aims: Glutamate dehydrogenase (GDH) is a mitochondrial 
enzyme that catalyses the reversible transformation of glutamate to alpha-
ketoglutarate. GDH might play a role in glucose-induced amplifying pathway 
through generation of glutamate and/or as an amino acid sensor triggering 
insulin release upon glutamine stimulation in conditions of GDH allosteric 
activation. Here, we investigated the role of GDH in a beta-cell specific GDH 
knockout mouse model, named ßGlud1-/-, recently generated in our labora-
tory.
Materials and methods: Islets were isolated from wild type (WT) and beta-
cell specific GDH null mice (ßGlud1-/-), cultured overnight and used for 
perifusion experiments or static incubations to measure insulin secretory 
responses. Reintroduction of GDH expression was achieved using the adeno-
virus AdGDH. Amino acids levels were measured in islet extracts by HPLC 
and gene expression analysed by quantitative RT-PCR.
Results: In perifusion experiments, islets from WT mice increased insulin 
secretion 2-fold in response to 11.8 mM glucose and 3-fold upon 22.8 mM 
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glucose stimulation. Islets isolated from ßGlud1-/- beta-cell specific GDH 
knockout responded normally to 11.8 mM glucose, but the response to 22.8 
mM glucose was reduced by 56%. The secretory response to glucose could be 
significantly rescued (p=0.01) when GDH knockout islets were simultane-
ously exposed to 22.8 mM glucose and 5mM dimethyl-glutamate, added as a 
cell permeant glutamate precursor. When testing the amplifying pathway by 
combination of KCl (30 mM) / diazoxide (0.25 mM) plus 22.8 mM glucose, 
the sustained insulin release observed in WT islets was inhibited by 75% in 
beta-cell GDH knockout islets. Glutamine stimulation is strictly GDH de-
pendent and elicits insulin release only upon GDH allosteric activation, for 
instance using BCH. In accordance with this model, ßGlud1-/- islets were 
totally unresponsive to glutamine (5 mM) / BCH (10 mM) stimulation. The 
response to glutamine/BCH was partially rescued in GDH knockout islets 
transduced with an adenovirus encoding for GDH (50% of the WT response, 
p=0.02). Amino acids related to glutamate pathways were reduced in GDH 
knockout islets stimulated with 22.8 mM glucose (glutamate -38%, glutamine 
-49%, aspartate -40%, and alanine -37%, all p<0.05). Moreover, in ßGlud1-
/- islets we measured decreased expression of the mitochondrial glutamate 
carrier GC1 responsible for glutamate transport across the mitochondrial 
membrane (-41%, p=0.05).
Conclusion: The present study took advantage of a unique model of beta-cell 
specific GDH knockout to question the role of this enzyme in islet function. 
Data show that GDH is essential for sustained insulin secretion at optimal 
glucose concentration. In these conditions, lower glutamate concentrations 
seem to be responsible for reduced secretory response as provision of cell 
permeant glutamate restored the secretory response. The lack of GDH also 
impacted on related glutamate pathways, pointing to GDH as a master switch 
linking glucose and amino acid metabolisms.
Supported by: Swiss National Foundation
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On role of transglutaminase 2 in insulin secretion: sub-cellular 
localization in human endocrine pancreas and identification of 
transamidation substrates in INS1E
O. Massa1, L. Russo1, C. Placidi2, G. Nardo3, T. Massignan3, E. Piermarini4, 
S. La Rosa2, G. Finzi2, V. Bonetto3, P. Maechler5, M. Alessio6, F. Bertuzzi7,  
C. Capella2, G. Bottazzo1, F. Barbetti1,8; 
1Bambino Gesù Pediatric Hospital - IRCCS, Rome, Italy, 2Department 
of Human Morphology, University of Insubria, Varese, Italy, 3Dulbecco 
Telethon Institute, Mario Negri Institute for Pharmacological Research, 
Milan, Italy, 4Tor Vergata University Hospital (PTV), Rome, Italy, 
5Department of Cell Physiology and Metabolism, Geneva University 
Medical Centre, Switzerland, 6DIBIT, San Raffaele Scientific Institute IRCCS, 
Milan, Italy, 7Diabetes Unit, Mediterranean Institute for Transplantation 
and Advanced Specialized Terapies, Palermo, Italy, 8San Raffaele Biomedical 
Park Foundation, Rome, Italy.

Background and aims: Transglutaminase 2 (TG2) is a multifunctional and 
ubiquitous enzyme that belongs to the transglutaminase family. Mutational 
analysis of human TG2 gene in subjects affected by familial forms of type 
2 diabetes led us to the identification of three different missense mutations, 
M330R, I331N and N333S, that determine a reduced TG2 transamidation 
activity in vitro. Hence, to better investigate the role of TG2 transamidation 
activity in insulin secretion, we labeled INS1E rat insulinoma cells in vivo 
with a biotinylated TG2 specific substrate and studied transamidation activ-
ity before and after (2’, 5’, 8’ and 15’) the application of a 15.5 mmol/L glucose 
stimulus, in order to mimic first-phase insulin secretion.
Materials and methods: TG2 transamidation kinetics in INS1E (basal condi-
tion versus glucose-stimulated) was studied by labeling cells with 1 mM EZ 
Link 5 (biotinamido) pentylamine and following the appearance/disappear-
ance of specific biotinylated substrate/s. Bi-dimensional (2D) polyacrylamide 
gel electrophoresis followed by Western blot, performed with streptavidin 
HPRT, was employed for kinetic experiments. For substrates identification, 
TG2 biotinylated proteins were purified on avidin sepharose column before 
2D gel separation followed by MALDI MS/MS.
Results: Our data indicate that 2’ after glucose stimulus, corresponding to 
the highest intracellular Ca2+ concentration, TG2 transamidation function 
is fully activated as demonstastrated by 2d gel analysis of INS1E proteins. By 
MALDI MS/MS, we then identified some TG2 natural substrates, and among 
them: cytoplasmic actin 1 and 2, GRP78, HSP90, mitogen activated protein 
kinase 1, tropomyosin alpha 4 and gamma 3 chain. All these proteins are in-
volved either in insulin secretion or in glucose metabolism, or both. Western 
blot with an anti-cytoplasmic actin 1 polyclonal antibody showed that actin 

is indeed one of the biotinylated protein spots identified with 2D. In addition, 
we also demonstrated that cytoplasmic actin co-immunoprecipitates with 
TG2. Ultrastructural microscopy indicated that in normal human pancreas 
TG2 is localized in the cytoplasm and 2D electrophoresis showed that TG2 
stays in INS1E cytoplasm during the entire period of glucose stimulus (2’-
15’) and beyond (up to 30’).
Conclusion: We conclude that TG2 transamidation activity has a direct role 
in insulin secretion. This action is probably mediated by cytoplasmic actin 1 
and 2 which are known to be involved in the remodeling of cytoskeleton, one 
of the fundamental events in insulin exocytosis.
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OP 21 Insulin action - animal models
121
Adenoviral gene transfer of PLD1-D4 results in enhanced insulin 
sensitivity in skeletal muscle of ped/pea-15 transgenic mice
A. Cassese1,2, I. Castanò3, L. Pastore3, A. Ilardi1,2, C. Nigro1,2, C. Urbani1,2,  
R. Buonomo1,2, C. Miele1,2, P. Formisano1,2, F. Beguinot1,2; 
1DBPCM, University of Naples Federico II, 2IEOS-CNR, University of 
Naples, 3CEINGE-Biotecnologie Avanzate, University of Naples Federico II, 
Italy.

Background and aims: Ped/pea-15 is a gene commonly overexpressed in tis-
sues from type 2 diabetic individuals and in First Degree Relatives. Indeed, 
overexpression of the ped/pea-15 gene in mice impairs glucose tolerance and 
leads to diabetes in association with high-fat diets. Several studies demon-
strated that PED/PEA-15 binds phospholipase D1 (PLD1), stabilizing and 
enhancing its activity in the cell. This effect is mediated by the C-terminal D4 
domain of PLD1. Both in cells and in skeletal muscle tissue from PED/PEA-
15 transgenic mice (TgPED), the increase of PED/PEA-15/PLD1 interaction 
induces insulin-resistance, at least in part, by impairing PKC signal trans-
duction. Indeed, PLD1 stabilization induces the constitutive activation of 
PKCα, determining the inhibition of insulin-induced activation of PKCζ, an 
important kinase involved in insulin-induced glucose uptake. In this work, 
we sought to test the hypothesis that D4 overexpression could represent a 
potential tool to rescue insulin-sensitivity and glucose tolerance in TgPED.
Materials and methods: We generated a recombinant adenoviral vector con-
taining D4 cDNA (Ad-D4) to induce D4 expression in TgPED. 6-months old 
TgPED and control mice were intravenously injected with 1x1011 viral parti-
cles of either control Ad-GFP or Ad-D4. The effects of Ad-D4 were evaluated 
after 7-10 days of infection.
Results: After infection, D4 is efficiently expressed in skeletal muscles of 
TgPED and control mice. In TgPED skeletal muscles, D4 expression de-
creases PED/PEA-15/PLD1 interaction. This is accompanied by a decrease 
of PKCα constitutive activity and the recovery of insulin effect on PKCζ ac-
tivation. In TgPED, Ad-D4 infection restores insulin sensitivity (ITT. AUC 
control mice Ad-GFP: 7930±4062.3, control mice Ad-D4: 8408±779.6; 
TgPED Ad-GFP: 11155±2893.8, TgPED Ad-D4: 6532,8±2683.3, p<0.001 vs 
TgPED Ad-GFP) and ameliorates glucose tolerance (GTT. AUC control mice 
Ad-GFP: 20155±5040, control mice Ad-D4: 18676±3046; TgPED Ad-GFP: 
31127±6617, TgPED Ad-D4: 15619±2490, p<0,0001 vs TgPED Ad-GFP). Fur-
thermore, D4 expression in TgPED decreases fasting insulin levels (TgPED 
Ad-GFP: 1.04±0.29 ng/ml, TgPED Ad-D4: 0.44±0.04 ng/ml, p<0.01), FFA 
(TgPED Ad-GFP: 0.87±0.28 mmoles/l, TgPED Ad-D4: 0.57±0.14 mmoles/l, 
p<0.01) and tryglycerides (TgPED Ad-GFP: 22.2±0.16 mg/dl, TgPED Ad-
D4: 15.9±0.10 mg/dl, p<0.01). Finally, D4 expression in TgPED increases 
insulin-induced glucose uptake in skeletal muscles.
Conclusion: In conclusion, adenoviral delivery of PLD1-D4 rescues insulin 
sensitivity and glucose tolerance in vivo. Thus, interfering with PED/PEA-15/
PLD1 interaction represents a major strategy for developing new molecules 
for the treatment of type 2 diabetes.
Supported by: an EFSD/GSK grant
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SIRT1 deacetylase activity is essential for calorie restriction-induced 
enhancement of skeletal muscle insulin sensitivity
S. Schenk1, C.E. McCurdy2, M.Z. Chen1, G. Bandyopadhyay1, S. Talukdar1, 
J.M. Olefsky1; 
1Medicine, University of California, San Diego, La Jolla, 2Pediatrics, 
University of Colorado, Denver, United States.

Background and aims: Calorie restriction (CR) manifests numerous meta-
bolic and physiological benefits including enhanced insulin sensitivity and 
increased longevity. The NAD+-dependent protein deacetylase, sirtuin 1 
(SIRT1), is induced by CR, and pharmacological activation of SIRT1 mimics 
many of the beneficial health outcomes of CR, including improved insulin 
sensitivity. However, the precise role of SIRT1 in regulating insulin sensitivity 
in skeletal muscle is unclear. The purpose of the present study was to deter-
mine whether SIRT1 is essential for the CR-induced enhancement in skeletal 
muscle insulin sensitivity.
Materials and methods: Mice with knockout of SIRT1 deacetylase activity in 
skeletal muscle were generated using Cre recombinase methodology. Similar 

to their floxed/wildtype (WT) littermates, the SIRT1 protein is still present in 
the knockout (KO) mice, however, exon 4 of the SIRT1 gene (which encodes 
the catalytic domain responsible for deacetylase activity) is deleted. At 13 
wks of age, we measured insulin-stimulated 2-deoxyglucose uptake (2DGU) 
in isolated extensor digitorum longus (EDL) and soleus muscles, as well as 
isolated epidydimal adipocytes after ad libitum (AL) or CR (20 d at 60% of 
AL) feeding. We also measured the gene expression of SIRT1, protein tyro-
sine phosphatase 1B (PTP1B) and cytochrome c oxidase (COXIV) in skeletal 
muscle.
Results: Insulin-stimulated 2DGU at a physiological insulin concentration 
(60uU/mL) was not different in EDL and soleus muscles in WT vs. KO mice 
after AL feeding. After 20 d of CR, insulin-stimulated 2DGU was significantly 
enhanced ~3-fold in EDL and soleus muscles from WT mice. Interestingly, 
in KO mice, CR did not enhance insulin-stimulated 2DGU in EDL, and only 
partially increased (70%) insulin-stimulated 2DGU in the soleus. Important-
ly, these effects were muscle specific, as CR significantly enhanced (~3-fold) 
insulin-stimulated 2DGU in isolated adipocytes equally in KO and WT mice. 
Preliminary data suggests that the gene expression of PTP1B, COXIV and 
SIRT1 in skeletal muscle was unaffected by genotype or diet.
Conclusion: These results demonstrate that, 1) loss of SIRT1 deacetylase 
activity does not impair skeletal muscle insulin sensitivity and 2) SIRT1 
deacetylase activity is essential for the full effect of CR to enhance skeletal 
muscle insulin sensitivity.
Supported by: NIH, ADA, National Skeletal Muscle Research Center
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Hepatic inflammatory gene expression and the development of insulin 
resistance in IL-1 receptor 1 (IL1-R1) knockout mice
O. Finucane1, M. Claessens2, E. Oliver1, K. Harford2, K.H.G. Mills3,  
H.M. Roche2; 
1Trinity College Dublin, 2Nutrigenomics Research Group, University 
College Dublin, 3Immune Regulation Research Group, Trinity College 
Dublin, Ireland.

Background and aims: The Metabolic Syndrome (MetS) is characterised by 
obesity, insulin resistance and a sub-actute chronic pro-inflammatory state. It 
is well known that impairing different components of the inflammatory sys-
tem (TNFα, NF-κB, IKK, JNK, etc) either due to genetic or dietary manipu-
lations can reduce the risk of the MetS. Relatively little is known in relation 
to IL-1RI signaling and the MetS. Preliminary work has demonstrated that 
IL-1R deficient (IL-1R1-/-) mice are protected against diet-induced obesity-
related insulin resistance. In addition obese IL-1R1-/- mice also had improved 
lipid profiles wherein plasma TAG and NEFA are significantly lower. Elevat-
ed TAG are another characteristic of the MetS. Therefore the present study 
sought to elucidate how lack of IL-1R1 improves hepatic lipid metabolism.
Materials and methods: Detailed hepatic gene expression analysis of key 
markers of lipid metabolism and insulin sensitivity was preformed using real 
time PCR and western blot.

Results: An 8 week high-fat diet induced a phenotype characteristic of the 
MetS, with insulin resistance and elevated TAG and NEFA concentrations in 
WT compared to IL-1R1-/- mice. Gene expression analysis showed a reduc-
tion in hepatic SREBP-1c mRNA expression in IL-1R1-/-mice (P<0.05)(fig 1). 
SREBP-1c is a key transcription factor that regulates both lipid and glucose 
metabolism. In terms of understanding the role of adipokines in hepatic in-
sulin resistance and inflammation we focused on adiponectin, which is se-
creted from WAT but mediates peripheral insulin sensitivity. Plasma levels 
of adiponectin decrease the in IL-1R1-/-mice. In the liver the expression of 
the receptor adipoR1 was equally increased in both WT and IL-1R1-/-mice, 
however there was a marked increase in adipoR2 in IL-1R1-/-mice only. As ex-
pected, inflammatory marker TNFα mRNA expression showed a significant 
reduction in IL-1R1-/-mice only (P<0.05). Finally, western blot analysis dem-
onstrated that JNK and NF-ĸB p65, critical regulators of insulin action, were 
significantly lower in IL-1R1-/-mice (P<0.05) which might partially confirm 
the anti-diabetic phenotype in reference to the high-fat diet.
Conclusion: The observed results underlie the link between inflammation 
and metabolic deregulation. Our study provides further, but not conclusive 
evidence that IL-1 is a crucial mediator pro-inflammatory and abrogation of 
its receptor may have potential therapeutic benefits.
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Figure 1. mRNA expression hepatic SREBP-1c was significantly increased in 
WT mice at week 8 compared to week 0 (P value= 0,0001). Hepatic SREBP-1c 
mRNA expression was significantly higher in WT mice at baseline compared 
KO mice at week 0 (P=0,05). Values represent means ±SEM. Significantly 
different *p<0.05 mRNA expression was normalised to 18S and expressed 
relative to WT mice at week 0
Supported by: HRB, SFI
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FAAH-/- are metabolically flexible despite whole body insulin resistance
B. Vaitheesvaran1, S. Glaser2, Y. Stephen2, I.J. Kurland1; 
1Medicine, 2Neurobiology and Behavior, State University of New York, Stony 
brook, United States.

Background and aims: Endocannabinoid (eCb) signaling is pivotal in modu-
lating several physiological processes including: feeding, obesity, fertility, in-
flammation and pain. Fatty acid amide hydrolase (FAAH), a 63 kDa integral 
membrane enzyme, is responsible for degrading eCbs, such as anandamide 
and 2-arachidonoly glycerol. FAAH-/- mice are obese, and obesity in general 
is usually associated with insulin resistance and metabolic inflexibility. This 
study characterized metabolic flexibility and tissue-specific insulin resistance 
for the FAAH-/- mouse.
Materials and methods: FAAH-/- mice, generated from a C57BL6 strain and 
C57BL6 mice (C57 wt) were used for the study. Glucose disposal was assessed 
with a stable isotope GTT (SiGTT) using [6,6-2H]-glucose. Hepatic glucose 
production (HGP) in the fasted state and in vivo lipolysis was determined by 
constant infusion of [U-13C6]-glucose, 2-13C-glycerol by Alzet minipump re-
spectively. Metabolic inflexibility was assessed by indirect calorimetry, using 
an 8-chamber Oxymax system (Columbus Instruments, Columbus, OH).
Results: FAAH -/- mice were obese (35±3.4 vs. 29±1.6 grams, p<0.002, at 4 
months of age) and their food consumption/day was higher than C57 wt (4.4 
vs. 3.5 g, p<0.01). FAAH-/- mice have hepatic insulin resistance, as fasting 
insulin (15h overnight fast) was 1.351±0.3 vs. 0.474±0.3 ng/ml for FAAH-/- vs. 
C57 wt (p<0.001). There was no difference in basal glucose levels, or HGP. 
FAAH-/- mice have adipose insulin resistance because glycerol production, 
reflecting in vivo lipolysis, was increased by 42% (p<0.01) in fasted FAAH-

/- mice, despite increased fasting insulin. FAAH-/- mice have skeletal muscle 
insulin resistance, as measured during the SiGTT. The insulin AUC was 3 fold 
higher for FAAH-/- mice ( p≤0.05). The AUC for D2 glucose (which mainly 
reflects glucose disposal by muscle during the GTT), however, was similar to 
the C57 wt, reflecting insulin resistance. Indirect calorimetry showed no dif-
ference (p>0.05) in substrate utilization during a diurnal cycle. Thus, meta-
bolic flexibility was preserved, even though FAAH-/- mice have lower activity 
in the fed state (p<0.05).
Conclusion: Despite obesity, and flux analysis indicating hepatic, skeletal 
muscle and adipose insulin resistance,, FAAH-/- mice still have normal meta-
bolic flexibility. Since decreases in metabolic flexibility are thought to accom-
pany the progression of insulin resistance in the development of Type 2 DM, 
endocannabinoid signaling, may play a complex role on the whole body level 
in the linkage, as well as compensation, of insulin resistance and metabolic 
flexibility.
Supported by: NIH Grants R01 DK58132 (I.J.K.), 1 K01 DA021806-01 (S.T.G.), 
Dr. Benjamin Cravatt for FAAH-/- mice
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The PED/PEA-15 diabetogene as a potential thiazolidinedione target
P. Mirra1,2, F. Oriente1,2, R. Teperino1,2, M. Ciccarelli1,2, M. Longo1,2,  
P. Ungaro1,2, F. Beguinot1,2; 
1DBPCM, University of Naples “Federico II”, 2IEOS-CNR, Naples, Italy.

Background and aims: Thiazolidinediones (TZDs) represent a class of insu-
lin-sensitising drugs currently used for treating type 2 diabetes (T2D); howev-
er, resistance to TZDs sometimes occurs. The TZD target is PPARγ, a nuclear 
hormone receptor able to modulate gene expression upon ligand binding. Lig-
and-mediated activation of PPARγ has been linked to glucose homeostasis.
The phosphoprotein enriched in diabetes/phosphoprotein enriched in as-
trocytes (PED/PEA-15) gene is over-expressed in tissues from T2D subjects 
and from first-degree relatives of T2D subjects. Furthermore, transgenic mice 
ubiquitously over-expressing ped/pea-15 feature impaired glucose tolerance 
and insulin resistance. In cultured cells and in vivo, ped/pea-15 over-expres-
sion impairs insulin activation of protein kinase C zeta (PKCζ) and glucose 
disposal. Recently, we have obtained evidence that TZDs down-regulate ped/
pea-15 expression. This study aims at investigating whether and how TZDs 
ameliorate insulin sensitivity by modulating ped/pea-15 gene expression.
Materials and methods: ped/pea-15 expression was analyzed by real-time 
quantitative polymerase chain reaction (PCR) and Western blotting in tissues 
from C57BL/6J mice and in L6 myotubes, used as a cellular model system of 
skeletal muscle. L6 myotubes were also used for glucose transport assays. Gene 
Reporter Assays, Electrophoretic Mobility Shift Assays (EMSA) and Chroma-
tin Immuno-Precipitation Assays (ChIP) were performed in HeLa cells.
Results: In L6 skeletal muscle cells, rosiglitazone (RGTZ) decreased both 
ped/pea-15 mRNA and protein levels. Consistent with the in vitro data, mus-
cle tissue from mice treated with RGTZ for 10 days showed a 40% decrease of 
ped/pea-15 protein levels.
We obtained evidence that PED/PEA-15 expression is modulated by AP-1 ac-
tivators, such as 12-O-tetradecanoyl-phorbol-13-acetate (TPA). In fact, when 
treated with TPA, HeLa cells showed an increase in PED/PEA-15 mRNA 
levels; TPA also induced the activation of PED/PEA-15 promoter activity. 
Interestingly, the TPA effect was almost completely reverted by RGTZ in a 
concentration dependent-manner and via PPARγ. Specifically, the CRE-like 
site within the 200bp regulatory region of PED/PEA-15 was involved in both 
TPA and RGTZ effects. EMSA and ChIP assays further demonstrated that 
TPA caused an increase in the binding of c-JUN to the CRE-like site (a puta-
tive AP-1 binding site) on the PED/PEA-15 promoter, and the binding was 
reduced by 50% in presence of RGTZ. Taken together, these results indicated 
that AP-1 induces PED/PEA-15 transcription by the binding to the CRE-like 
site. The AP-1 activity is interfered by PPARγ and it might be due to a physical 
interaction between activated PPARγ and c-JUN. In addition, in L6 skeletal 
muscle cells the down-regulation of ped/pea-15 expression by TZDs was as-
sociated with an increase in PKCζ activation and in glucose up-take.
Conclusion: The results of this study identified PED/PEA-15 gene as a poten-
tial target of TZDs in T2D treatment. More interestingly, the down-regula-
tion of ped/pea-15 expression represents a direct effect of TZDs on skeletal 
muscle, in addition to the first TZD action on adipose tissue. Therefore, PED/
PEA-15 gene might represent a potential marker for resistance to TZDs in 
T2D treatment.

126
Cox6a2 deficient mice are protected against high fat diet-induced obesity 
and insulin resistance
R. Quintens1, S. Singh2, K. Lemaire1, K. De Bock3, A. Schraenen1,  
B. Van Hoef4, I. Vroegrijk5, P. Van Noten6, M. Granvik1, L. Van Lommel1,  
R. Lijnen4, P.J. Voshol5, P.P.A. Mammen2, F.C. Schuit1; 
1Molecular Cell Biology, KU Leuven, Belgium, 2Internal Medicine, UT 
Southwestern Medical Center, Dallas, United States, 3Vesalius Research 
Center, VIB - KU Leuven, Belgium, 4Center for Molecular and Vacular 
Biology, KU Leuven, Belgium, 5Endocrinology and Metabolic Diseases, 
Universiteit Leiden, Netherlands, 6Biomedical Kinesiology, KU Leuven, 
Belgium.

Background and aims: Mitochondrial dysfunction has repeatedly been as-
sociated with the etiology of obesity and type 2 diabetes. Therefore, we inves-
tigated the metabolic profile of mice deficient in the respiratory chain gene 
Cox6a2. Cox6a2 is a subunit of the cytochrome c oxidase, and it is believed to 
play a role in thermogenesis at rest and in protection against the formation of 
reactive oxygen species (ROS).
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Materials and methods: Glucose tolerance (2.5 mg glucose/g body weight) 
was assessed in mice of 14 weeks of age and after 9 and 22 weeks of high fat 
diet (HFD) feeding. Insulin sensitivity was measured using hyperinsuline-
mic, euglycemic clamps. To investigate energy expenditure, mice were moni-
tored in metabolic cages for three consecutive days. Affymetrix Mouse 1.0 
ST Gene Arrays as well as qRT-PCR were used to assess differences in gene 
expression. ROS levels in skeletal muscle were measured using the fluores-
cent probe dihydroethidium and quantified using fluorescence microscopy. 
To study skeletal muscle fiber type composition, muscle sections were stained 
for myosin ATPase. Resistance to fatigue of isolated muscles was examined 
by repetitive stimulation for 12 min with decreasing rest intervals of muscles 
which were mounted on a force transducer and placed in oxygenated Krebs-
Henseleit buffer.
Results: Glucose tolerance was comparable in wild type and knockout mice 
on regular diet, although fasting blood glucose was lower in Cox6a2-/- mice 
(p < 0.001). Cox6a2-/- mice were completely resistant to body weight gain 
after HFD feeding, in contrast to WT mice which became progressively obese 
and glucose intolerant. Weight gain in WT mice was mainly due to increased 
adiposity, and adipocytes were smaller in Cox6a2-/- mice (p < 0.02). Better 
glucose tolerance in Cox6a2-/- mice on HFD was explained by higher sensi-
tivity to insulin (p < 0.01). Protection against obesity could be explained by 
increased energy expenditure and thermogenesis in Cox6a2-/- mice, which 
was independent of circulating thyroid hormone levels, but correlated with 
elevated expression of uncoupling proteins in metabolically active tissues 
such as skeletal muscle, heart, and white and brown adipose tissue. This up-
regulation was associated with increased ROS formation in skeletal muscle of 
Cox6a2-/- mice. Furthermore, we found a compensatory coordinated increase 
in expression of respiratory chain genes and a fiber type switch of skeletal 
muscles of Cox6a2-/- mice to a more oxidative fiber profile. These changes 
resulted in improved resistance to fatigue of isolated skeletal muscle. Finally, 
we found that female Cox6a2-/- mice lost more body weight during a short 
period of fasting (p < 0.005), suggesting that Cox6a2 may be a thrifty gene 
which helps to efficiently store and utilize energy.
Conclusion: We conclude that Cox6a2 is involved in whole-body energy me-
tabolism and thermogenesis. This may indicate that genetic variations in the 
human COX6A2 gene could influence the susceptibility to develop insulin 
resistance and obesity.
Supported by: GOA, IUAP, EURODIA, JDRF

OP 22 Responses to GLP-1-based 
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A pilot study examining the effect of GLP1R polymorphisms on insulin 
secretion in response to glucose and GLP-1 infusion in non-diabetic subjects
A. Vella1, A. Sathananthan1, F. Micheletto2, C. Dalla Man2, G. Toffolo2,  
C. Cobelli2, A.R. Zinsmeister1, M. Camilleri1, R.A. Rizza1; 
1Mayo Clinic, Rochester, United States, 2University of Padua, Italy.

Background and aims: Glucagon-Like Peptide-1 (GLP-1) interacts with its 
transmembrane receptor (encoded by GLP1R) to produce insulin secretion 
in a glucose-dependent manner. The effect of genetic variation at GLP1R on 
the response to GLP-1 is unknown. Variation in response may affect the re-
sponse to incretin-based therapy. We therefore assessed the effect of GLP1R 
polymorphisms on insulin secretion in response to glucose and GLP-1 infu-
sion in non-diabetic subjects.
Materials and methods: We studied 81 healthy individuals (48 females and 
33 males, age=26.1±0.6 years, BMI=24.9±0.4 kg/m2, fasting glucose < 4.82 ± 
0.03 mmol/L) using a hyperglycemic clamp. A variable infusion maintained 
peripheral glucose concentrations at 150 mg/dl for 240 minutes. At 120 min-
utes an intravenous infusion of GLP-1 was started and maintained till the end 
of the study (0.75pmol/kg/min from 121-180 minutes, 1.5pmol/kg/min from 
181-240 minutes). Insulin secretion was measured using a C-peptide minimal 
model modified to account for the effect of GLP-1 on secretion. This assumes 
that insulin secretion is made up of a dynamic component, proportional to 
rate of glucose change through the dynamic responsivity index, Φd (10-9), and 
a static index, proportional to glucose through the static responsivity index, Φs 
(10-9 min-1). Genotyping of 21 tag single nucleotide polymorphisms (tag SNPs) 
and 4 non-synonymous SNPs (nsSNPs) in the extended GLP1R locus was un-
dertaken and their relationship with insulin secretion indices examined.
Results: The nsSNP, rs6923761, altered insulin secretion indices (ΦTotal, Φd 
and Φs) and early insulin secretion in response to GLP-1 infusion (P < 0.05). 
The tag SNPs rs4714210 and rs13202369 were also weakly associated with a 
blunted response to intravenous GLP-1.
Conclusion: In young, healthy subjects variation in GLP1R alters response 
to intravenous GLP-1. It remains to be determined whether these observa-
tions are replicated in a larger cohort and in diabetic subjects with impaired 
insulin secretion.

ISR = Insulin Secretion Rate (pmol/l per min)
rs6923761 (P < 0.05) rs13202369 rs4714210 (P < 0.05)
1,1 1,2 2,2 1,1 1,2 2,2 1,1 1,2 2,2

ISR at 
180min

364+24 346+29 337+21 351+23 373+27 278+16 306+39 324+23 395+26

ISR at 
240min

519+35 455+40 420+38 483+24 499+35 360+42 418+51 476+35 500+37

Peak ISR 851+76 678+53 647+61 813+74 729+47 541+37 567+63 769+70 780+60
rs6923761 (P < 0.05) rs13202369 (P < 0.05) rs4714210
1,1 1,2 2,2 1,1 1,2 2,2 1,1 1,2 2,2

ΦTotal 
180min

104+10 82+7 77+7 102+12 93+7 67+8 82+12 93+3 100+11

ΦTotal 
240min

152+13 117+10 111+11 149+16 131+10 92+14 121+18 137+13 139+15

Peak ΦTotal 160+13 126+11 118+11 157+17 141+10 97+14 126+19 146+13 148+15

Supported by: DK078646 (AV) and Merck Pharmaceuticals
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Impact of endogenous and exogenous GLP-1 on glucagon secretion in 
type 1 diabetic patients with and without residual beta -cell function
U. Kielgast1, S. Madsbad1, J. Holst2; 
1Department of Encrinology, Hvidovre Hospital, 2University of 
Copenhagen, Institute of Biomedicines, Copenhagen, Denmark.
Background and aims: Effect of secreted and infused GLP-1 on glucagon se-
cretion and glucose excursions during a mixed meal was investigated in type 
1 diabetic patients with and without residual insulin secretion.

Materials and methods: Eight diabetic patients with stimulated C-peptide 
concentration of 0.46 ± 0.1 nM and eight without residual insulin secretion 
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underwent three mixed meal tests with infusion of either the GLP-1 recep-
tor-antagonist, exendin 9-39 (ex 9-39) (300 pmol/kg/min), GLP-1 (1.2 pmol/
kg/min) or saline. Eight healthy matched (age, sex and BMI) subjects with 
normal glucose tolerance were included as controls. Infusions were started 
30 minutes prior to the meal and patients injected half of their usual fast act-
ing insulin-dose shortly before ingesting the meal. To assess gastric emptying 
rate, we added 1 g of acetaminophen to the meal. Postprandial glucose, glu-
cagon, insulin secretion and gastric emptying rate were evaluated from incre-
mental area under the plasma concentration curves from -30 to 180 minutes 
and presented as mean ± SEM.
Results: The injected dose of insulin tended to be lower in the C-peptide posi-
tive compared with the C-peptide negative subjects: 2.6 ± 0.5 vs. 3.9 ± 0.3 IE, 
p=0.06. Ex 9-39 increased glucagon levels in the three groups compared with 
saline: 2,541 ± 249 vs. 566 ± 179 and 3,244 ± 470 vs. 696 ± 213 and 1,824 ± 
122 vs. 644 ± 196 pmol/l x min for the C-peptide negative, positive and the 
control subjects respectively, p<0.01. GLP-1 decreased glucagon concentra-
tions in the three groups compared with saline: -409 ± 119 vs. 566 ± 178, -152 
± 109 vs. 696 ± 213 and -590 ± 114 vs. 644 ± 196, p<0.05. Glucose excursions 
were strongly decreased with GLP-1 compared with saline: -137 ± 141 vs. 930 
± 184, -273 ± 105 vs. 731 ± 137 and -7 ± 27 vs. 84 ± 31 mM x min, p< 0.01. 
In both diabetic groups, postprandial glucose levels with GLP-1 did not differ 
from control subjects receiving saline. Ex 9-39 increased glucose levels in the 
C-peptide positive group: 1,072 ± 103 vs. 731 ± 137, p=0.02, but the incre-
ment did not reach statistical significance in the C-peptide negative or control 
subjects: 1,168 ± 132 vs. 930 ± 184 and 141 ± 25 vs. 84 ± 31, p=NS. However, 
in the diabetic subjects as a whole group, ex 9-39 did significantly increase 
blood glucose levels (p=0.002). Compared with saline, GLP-1 decreased gas-
tric emptying rate in both diabetic groups (p<0.01), whereas ex 9-39 increased 
gastric emptying rate in the diabetic subjects (p<0.05). In the C-peptide posi-
tive subjects, insulin secretion was significantly lower with both GLP-1 and ex 
9-39 compared with saline: 40.6 ± 17.9 and 56.4 ± 22.0 vs. 69.8 ± 25.6, nM x 
min p=0.02 and 0.05 respectively, but with GLP-1, C-peptide was transiently 
increased from the beginning of the infusion until start of the meal.
Conclusion: Infusion of GLP-1 is able to control blood glucose excursions 
during a mixed meal in patients with type 1 diabetes regardless of residual 
beta-cell function. This is probably due to decreased glucagon levels and 
slowed gastric emptying. Blocking the endogenous GLP-1 action strongly in-
creases glucagon levels leading to increased postprandial glucose excursions 
in type 1 diabetic patients.

129
The effect of LY2189265 (GLP-1 analogue) once weekly on HbA1c and 
beta cell function in uncontrolled type 2 diabetes mellitus: the EGO 
study analysis
G. Umpierrez1, T. Blevins2, J. Rosenstock3, C. Cheng4, E. Bastyr4,5,  
J. Anderson4; 
1Emory University School of Medicine, SE Atlanta, 2Texas Diabetes & 
Endocrinology, Austin, 3Dallas Diabetes & Endocrine Center, Dallas, 
4Lilly Research Laboratories, Indianapolis, 5Indiana University School of 
Medicine, Indianapolis, United States.

Background and aims: LY2189265, a novel, long-acting glucagon-like pep-
tide 1 (GLP-1) analog, consists of a dipeptidyl peptidase-IV (DPP-IV)-pro-
tected GLP-1 analog covalently linked to a human IgG4-Fc heavy chain by 
a small peptide linker. This randomized, placebo-controlled, double-blind 
study investigated the effect of dose titration of LY2189265 in overweight/
obese patients with type 2 diabetes mellitus (T2DM) taking 2 classes of oral 
antihyperglycemic agents (OAH). The impact of LY2189265 on metabolic 
outcomes and measures of physiologic function of β-cell function and insulin 
sensitivity was evaluated.
Materials and methods: Following a 2-week placebo run-in, 262 patients 
(49% female) with T2DM (mean duration 8.3±6.4 years) and elevated BMI 
(mean 33.9±4.1 kg/m2) and HbA1c (mean 8.2±0.9%) were randomized to 
once-weekly subcutaneous injections of either placebo (16 weeks), 1 of 2 ti-
trated doses of LY2189265 (0.5 mg for 4 weeks followed by 1.0 mg for 12 
weeks; or 1.0 mg for 4 weeks followed by 2.0 mg for 12 weeks), or LY2189265 
1.0 mg (16 weeks). Patients were stratified with similar numbers randomized 
across the strata to the 4 treatment arms. The primary measure was glycemic 
control, as measured by HbA1c change from baseline at 16 weeks. Secondary 
measures were fasting serum glucose (FSG); solid mixed meal test postpran-
dial glucose (PPG) excursion; body weight; and β-cell function (%B), insulin 
sensitivity (%S) and insulin resistance (IR), as measured by the Homeostasis 
Model Assessment (HOMA2) using c-peptide concentrations.

Results: Statistically significant decreases in glycemic and weight measures 
and increases in β-cell function were observed compared to placebo in re-
sponse to LY2189265 treatment, as shown in the following table: 

Outcome Measures
(units)

Change from Baseline***
Placebo LY2189265

0.5/1.0 mg 1.0/1.0 mg 1.0/2.0 mg
HbA1c (%) -0.27 -1.28** -1.29** -1.52**
FSG (mmol/L) -0.49 -2.09** -2.04** -2.64**
Test Meal PPG AUC 36.36 30.71** 32.21** 28.24**
Test Meal PPG AUC 
Excursion

10.94 8.85* 9.92* 8.16*

Weight (kg) -0.07 -1.58* -1.40* -2.51**
HOMA%B 1.04 39.20* 44.26** 45.61**
HOMA%S 2.46 0.46 -1.65 3.58
HOMA-IR -0.23 -0.20 0.01 -0.23
*p<0.05 vs placebo
**p<.0.001 vs placebo
***HbA1c, FBG, and weight reported as Least-Squares Mean; HOMA%B, 
%S, and IR reported as Mean; Test Meal PPG AUC and Test Meal PPG 
AUC Excursion reported as Mean for test meal at endpoint.

The incidence of hypoglycemic episodes was not statistically significantly dif-
ferent across treatment groups. Nausea (13%), diarrhea (8.8%) and abdomi-
nal distension (8.0%) were the most frequently recorded treatment-emergent 
adverse events.
Conclusion: In conclusion, in patients with T2DM sub-optimally controlled 
by OAHs, adjunctive administration of once-weekly LY2189265 resulted in 
significant reduction of HbA1c, fasting and postprandial glucose and an im-
provement in β-cell function with a favorable effect on body weight.

130
The long-acting GLP-1-receptor agonist albiglutide improves glycaemic 
control in type 2 diabetes: time-course analysis
F. Yang1, J.E.B. Reusch2, J. Rosenstock3, M.A. Bush4, M.W. Stewart1; 
1GlaxoSmithKline, King Of Prussia, 2Denver VAMC, Denver, 3Dallas 
Diabetes and Endocrine Center at Medical City, Dallas, 4GlaxoSmithKline, 
Research Triangle Park, United States.

Background and aims: To assess early responses to pharmacologic therapies, 
fasting plasma glucose (FPG) is a more accurate reflection of immediate glu-
cose control than is HbA1c, and variations in FPG levels may in part be due to 
underlying pharmacokinetics (PK). Albiglutide is a GLP-1-receptor agonist 
with a half-life of ~5 days, having the potential for weekly or less-frequent dos-
ing. Accordingly, in a Phase 2 study designed to determine optimal dosing and 
scheduling of albiglutide, a time-course analysis was conducted to examine 
optimal effects on key measures of glycemic control. Exenatide was included 
as a clinical reference for twice-daily GLP-1-receptor agonist therapy.
Materials and methods: A randomized, multicenter, double-blind, parallel-
group study in 356 subjects (mean age 54 years, BMI 32.1 kg/m2) with type 2 
diabetes (mean duration 5 years) previously treated with diet and exercise or 
metformin (mean baseline HbA1c 8.0%) was conducted. Patients received subcu-
taneous placebo, albiglutide [weekly (4, 15 or 30 mg), every other week (biweekly; 
15, 30 or 50 mg) or monthly (50 or 100 mg)], or non-blinded exenatide twice 
daily (per label, in metformin-treated patients) over 16 weeks. FPG was assessed 
throughout the study so that the time course of these effects could be evaluated.
Results: Improvements in FPG were seen as early as the first assessment (2 
weeks) in all albiglutide groups. Among top doses within each schedule, the 
lowest FPG fluctuations were seen for 30 mg weekly albiglutide, followed by 
50 mg biweekly dosing. The 100 mg monthly albiglutide dose produced the 
greatest FPG fluctuations between dosing, with attenuated FPG reductions 
as albiglutide exposure decreased. PK/PD modelling showed a clear relation-
ship between albiglutide exposure and FPG. Despite greater fluctuations in 
FPG for monthly dosing, similar HbA1c improvements were observed with 
the highest dose of each albiglutide regimen at week 16 (-0.87, -0.79 and -
0.87% by 30 mg weekly, 50 mg biweekly and 100 mg monthly dosing, respec-
tively, vs PBO -0.17%, p < 0.005. Exenatide reduced HbA1c by -0.54%).
Conclusion: Albiglutide at all doses and schedules improved HbA1c in a sta-
ble manner in patients with type 2 diabetes over 16 weeks. The 30 mg weekly 
dose generated the least fluctuation in FPG, followed by 50 mg biweekly al-
biglutide. The stability of the FPG profile over time among patients in the 
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weekly and biweekly albiglutide groups may have important therapeutic 
benefits and is likely related to the reduced PK fluctuations compared with 
monthly administration.

Supported by: GlaxoSmithKline
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Post-meal pharmacodynamic profile of AVE0010, a once-daily GLP-1 
receptor agonist, in patients with type 2 diabetes inadequately controlled 
on metformin
R.E. Ratner1, J. Rosenstock2, G. Boka3, L. Silvestre3; 
1MedStar Research Institute, Hyattsville, United States, 2Dallas Diabetes and 
Endocrine Center, Dallas, United States, 3sanofi-aventis R&D, Antony, France.

Background and aims: AVE0010 is a new GLP-1 receptor agonist under de-
velopment for the treatment of type 2 diabetes mellitus (T2DM). In a 13-week, 
double-blind, placebo-controlled study, AVE0010 given once- (QD) or twice-
daily (BID) provided dose-dependent improvements in HbA1c (-0.5% to -0.8% 
from a baseline of 7.5%), reductions in body weight of approximately 2-4 kg, 
and was well tolerated. Here, we report the results of a post-meal pharmacody-
namic (PD) evaluation carried out in a subset of patients from that study.
Materials and methods: Patients (n=542) inadequately controlled on a stable dose 
of metformin for at least 3 months (1.6-1.9 g/day; HbA1c ≥7%) were randomised 
to subcutaneous AVE0010 at doses of 5, 10, 20, and 30 µg QD or BID, or matching 
placebo. At selected sites, patients (n=201) received a standardised breakfast meal 
challenge 30 min after drug administration to evaluate fasting, 2-h post-meal, and 
AUC[0-4h] values of plasma glucose, serum insulin, proinsulin, proinsulin/insulin 
ratio, C-peptide, and glucagon levels, at baseline and Week 13.
Results: Dose-dependent decreases in mean 2-h post-meal glucose and glu-
cose AUC[0-4h] from baseline were seen for both QD and BID dosing. Insulin 
AUC[0-4h], 2-h C-peptide, 2-h insulin, and 2-h proinsulin were also dose-de-
pendently reduced with QD dosing (Table). Glucagon levels at 2 h and gluca-
gon AUC[0-4h] were significantly decreased at all doses (except the 2-h value at 
5 μg QD), but no dose-response relationship was evident. The 2-h proinsulin/
insulin ratio was unchanged with AVE0010, but the fasting ratio was signifi-
cantly reduced by -0.4 to -1.4 relative to placebo at higher doses (20 and 30 μg 
QD and 10 to 30 μg BID), suggesting improved β-cell function.
Conclusion: AVE0010 given QD or BID was associated with dose-dependent 
improvements in post-meal glucose levels, and this was accompanied by re-
duced glucagon and insulin levels, consistent with a glucose-dependent effect 
on insulin secretion. These results highlight the promising post-meal glucose 
control profile of this new once-daily GLP-1 receptor agonist in T2DM.

Least-squares mean changes±SD in postprandial parameters from baseline to Week 13
Placebo AVE0010 5 

µg QD
AVE0010 10 
µg QD

AVE0010 20 
µg QD

AVE0010 30 
µg QD

AVE0010 5 
µg BID

AVE0010 10 
µg BID

AVE0020 20 
µg BID

AVE0010 30 
µg BID

2-h glucose (mmol/L) -0.4±0.5 -2.1±0.7* -3.6±0.6* -3.7±0.7* -4.3±0.7* -2.0±0.6* -3.5±0.6* -4.1±0.7* -4.6±0.7*
2-h glucagon (ng/L) +9.1±4 -5.3±6 -4.5±5* -13.0±6* -6.8±6* -6.9±5* -9.6±5* -12.6±6* -8.7±6*
2-h insulin (pmol/L) +36±38 -22±57 -80±50 -102±53* -134±56* -82±51 27±51 -83±55 -148±53*
2-h proinsulin (pmol/L) +0.2±5 -6.8±8 -10.8±7 -17.9±8* -27.0±8* -14.5±7 -5.5±7 -19.3±8 -26.4±8*
2-h C-peptide (nmol/L) -0.1±0.1 -0.1±0.2 -0.1±0.2 -0.6±0.2* -0.6±0.2* -0.2±0.2 0±0.2 -0.2±0.2 -0.7±0.2
Glucose AUC[0-4h] (h•mmol/L) -2.4±1.4 -7.6±2.3* -11.0±2.0* -11.5±2.2* -14.1±2.2* -6.6±1.9 -11.7±2.1* -14.1±2.4* -15.8±2.2*
Glucagon AUC[0-4h] (h•ng/L) +34±14 -23±22* -41±19* -49±20* -42±21* -24±19* -26±20* -29±22* -39±21*
Insulin AUC[0-4h] (h•pmol/L) +42±76 -7±115 -100±101 -228±104* -302±112* -168±101 +87±106 -122±118 -383±109*
*p<0.05 vs placebo, step-down linear trend test on change from baseline to Week 13, adjusted for baseline and country

Supported by: sanofi-aventis
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Once-daily saxagliptin added to metformin is well tolerated and provides 
sustained glycaemic control over 102 weeks in patients with type 2 
diabetes
S. Ravichandran1, R. DeFronzo2, A.J. Garber3, J.L. Gross4, M.N. Hissa5,  
R.Y. Duan1, R. Chen1; 
1Bristol-Myers Squibb, Princeton, NJ, United States, 2Dept. of Medicine/
Diabetes, University of Texas Health Science Center, San Antonio, United 
States, 3Baylor College Of Medicine, Houston, United States, 4Hospital de 
Clinicias de Porto Alegre - Centro De Pesquisa Em Diabetes, Porto Alegre, 
Brazil, 5University Federal do Ceará Medical School, Fortaleza, Brazil.

Background and aims: Saxagliptin (SAXA) is a potent selective dipeptidyl 
peptidase-4 (DPP-4) inhibitor specifically designed for extended inhibition 
of the DPP-4 enzyme. The long-term efficacy and safety of SAXA added to 
metformin (MET) were assessed in patients with type 2 diabetes (T2D) and 
inadequate glycemic control (HbA1c ≥7.0%−≤10.0%) on MET alone.
Materials and methods: For the double-blind (DB) short-term (ST) treatment 
(tx) period, 743 patients (baseline HbA1c 8.0%) were randomized and treated 
1:1:1:1 to SAXA 2.5, 5, 10mg or PBO od+stable MET dose (1500−2500mg/
day) for 24wks. Patients who met prespecified glycemic rescue criteria during 
the ST tx period received open-label pioglitazone (pio) 15−45mg+blinded 
study medication and entered the DB 42mo long-term extension (LTE). Pa-
tients completing the ST tx period without rescue were also eligible to enter 
the 42mo LTE; pio rescue therapy was also available during the LTE based 
on prespecified glycemic criteria. Efficacy analyses (ANCOVA, LOCF) reflect 
data before rescue; safety analyses reflect data regardless of rescue.
Results: At 102wks PBO-subtracted HbA1c changes from baseline (n/N) for 
SAXA 2.5, 5, and 10mg were −0.62 (181/192; 95%CI: −0.84, −0.40), −0.72 
(184/191; 95%CI: −0.94, −0.50), and −0.52 (177/181; 95%CI: −0.74, −0.30), 
respectively. The proportion of patients (n/N) discontinued for lack of glyc-
emic control or rescued for meeting prespecified glycemic criteria was lower 
for SAXA 2.5- (58.3% [112/192]), 5- (51.8% [99/191]), and 10mg (56.9% 
[103/181]) vs PBO+MET (71.5% [128/179]). SAXA+MET was generally well 
tolerated; AE frequencies for SAXA 2.5, 5, and 10mg were 89.6%, 78.0%, and 
86.7%, respectively, vs 78.8% for PBO+MET. The proportions of patients with 
hypoglycemia events (all) were 10.4%, 8.9%, and 11.0% for SAXA 2.5, 5, and 
10mg vs 10.1% for PBO+MET. Confirmed hypoglycemia (symptoms with 
glucose ≤50mg/dL) was infrequent (≤1.1%, all tx groups). Small decreases in 
mean body weight at wk102 (before rescue, LOCF) vs baseline were observed 
in all tx groups.
Conclusion: In patients with T2D inadequately controlled on MET alone, 
SAXA added to MET provided sustained, clinically meaningful glycemic im-
provements over 102wks vs control and was generally well tolerated with no 
increase in hypoglycemia or weight.
Supported by: BMS and AZ
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OP 23 Epidemiology of type 2 
diabetes mellitus and cardiovascular 
risk
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Prediction of coronary heart disease in a general, prediabetic and 
diabetic population during 10 years of follow-up: accuracy of the 
Framingham, SCORE and UKPDS functions. The Hoorn Study
A.A.W. van der Heijden1, M.M. Ortegon2, L.W. Niessen3,4, G. Nijpels1,  
J.M. Dekker1; 
1The EMGO Institute for Health and Care Research, VU University Medical 
Center, Amsterdam, Netherlands, 2Rosario University, Bogota, Colombia, 
3Department of Health Policy and Management, Erasmus University, 
Rotterdam, Netherlands, 4Department of International Health, John 
Hopkins Bloomberg School of Public Health, Baltimore, United States.

Background and aims: Risk of coronary heart disease (CHD) can be esti-
mated using prediction formulas that combine values for different risk fac-
tors. We compared the validity of the Framingham, SCORE and UKPDS risk 
function in the prediction of risk of first or fatal CHD in populations with 
normal glucose tolerance (NGT), intermediate hyperglycemia (IH) and dia-
betes mellitus (DM).
Materials and methods: We used prospective data of 1482 Caucasian men 
and women, 50 to 75 years of age, who participated in the Hoorn Study. The 
predictive accuracy of the three risk functions was estimated using calibra-
tion (the ability to predict the number of observed events during follow-up) 
and discrimination appraisals (the ability to distinguish between those who 
experience a CHD event during follow-up from those who do not). Calibra-
tion of the models was visually checked by plotting the predicted probabilities 
against the observed proportion of CHD events. The discriminatory ability of 
the models was assessed by calculating the area under the receiver operating 
characteristic curve (AUROC) using the 10-year risk estimates predicted by 
the three models. The discriminatory power of the models is graded as low 
for an AUROC between 0.5-0.7, moderate between 0.7-0.9 and high if >0.9. 
All analyses were stratified for glucose status.
Results: During 10 years of follow-up, a total of 197 CHD events of which 
43 were fatal, were observed in this population, with the highest percentage 
of CHD events in the diabetes group. The Framingham and UKPDS predic-
tion models overestimated the risk of first CHD in the NGT, IH and DM 
sub-group. Overall, all prediction models had a low to moderate discrimina-
tory capacity, showing better discrimination when fatal CHD was used as the 
predicted outcome. The SCORE risk function was the best predictor of fatal 
CHD events in the NGT group (AUROC=0.79 (95% CI, 0.70-0.87)), whereas 
the UKPDS performed better in the IH group (0.84 (0.74 (95% CI, 0.56-0.93) 
when estimating fatal CHD risk. In the diabetic sub-group all prediction mod-
els had low discriminatory ability when estimating the risk of first CHD.
Conclusion: The use of the Framingham function for prediction of first CHD 
is likely to be inappropriate due to the overestimation of persons’ absolute 
CHD risk. In CHD prevention, the application of the SCORE risk function 
in diabetic patients and application of the SCORE and UKPDS risk functions 
in persons with normal glucose metabolism or intermediate hyperglycemia 
might prove useful to estimate relative changes in the absence of a more valid 
tool.

Discriminatory ability of the Framingham, SCORE and UKPDS risk func-
tions: AUROC (95% CI))

Normal glucose 
tolerance

Intermediate 
hyperglycemia

Type 2 diabetes 
mellitus

First CHD
Framingham 0.68 (0.63-0.74) 0.60 (0.47-0.74) 0.63 (0.50-0.76)
SCORE 0.71 (0.66-0.76) 0.70 (0.60-0.79) 0.66 (0.54-0.79)
UKPDS 0.71 (0.66-0.75) 0.70 (0.60-0.80) 0.66 (0.56-0.78)
Fatal CHD
Framingham 0.71 (0.61-0.82) 0.76 (0.65-0.88) 0.61 (0.37-0.86)
SCORE 0.79 (0.70-0.87) 0.70 (0.50-0.89) 0.74 (0.56-0.93)
UKPDS 0.77 (0.68-0.86) 0.84 (0.74-0.94) 0.72 (0.55-0.89)

Supported by: the Netherlands Organization for Health Research and Develop-
ment (ZonMw)
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Comparison of the impact of glycaemic status, HbA1c, fasting and 2-hour 
glucose on aortic stiffness: a 5-year follow-up from The Whitehall II 
study
D.R. Witte1,2, R. Aakaer Jensen1, C.M. McEniery3, E.J. Brunner2,  
I.B. Wilkinson3, M. Kivimäki2, A.G. Tabák2,4; 
1Steno Diabetes Center, Gentofte, Denmark, 2Department of Epidemiology 
and Public Health, University College London, United Kingdom, 3Clinical 
Pharmacology Unit, University of Cambridge, United Kingdom, 41st 
Department of Medicine, Semmelweis University, Budapest, Hungary.

Background and aims: HbA1c is being considered as a diagnostic tool for 
diabetes. Direct evidence regarding its association with early stages of athero-
sclerosis is essential, however compared to fasting or 2-hour glucose is scarce. 
Our aim was to compare the relation between glycaemic status, HbA1c, fast-
ing and 2-hour glucose with aortic stiffness 5 years later in a middle-aged, 
non diabetic population, accounting for potential confounders.
Materials and methods: We examined 1818 participants (1214 men) of the 
Whitehall II cohort without known diabetes (mean age: 60.8 years, SD:5.8; 
mean BMI: 25.9, SD:3.8), who had a clinical assessment including a 75g oral 
glucose tolerance test and HbA1c measurement at study phase 7 (2003-2004, 
baseline for the current analysis) plus measurement of carotid-femoral pulse 
wave velocity (PWV) as an indicator of aortic stiffness at study phase 9 (2007-
2009). We present results from linear regression models adjusted for age, sex 
and mean arterial pressure (MAP), and the degree of attenuation on further 
adjustment for cardiovascular risk factors.
Results: Mean PWV was 8.3 m/s (SD:2.0). PWV did not differ between those 
with isolated Impaired Fasting Glycaemia (IFG) and the reference group with 
normoglycemia (β:-0.02 m/s; 95%CI:-0.5;0.5). Those with isolated Impaired 
Glucose Tolerance (IGT), combined IFG/IGT and newly detected diabetes 
had higher PWV [β (95%CI): 0.9 (0.3;1.5), 0.5 (0.2;0.7) and 0.7 (0.3;1.2) re-
spectively], indicating stiffer arteries. Figure 1 shows age, sex and MAP ad-
justed differences in PWV by quintile of HbA1c, fasting and 2-hour glucose, 
compared to the lowest quintile. Further adjustment for cardiovascular risk 
factors (smoking, HDL cholesterol, triglycerides, statin therapy, antihyper-
tensive therapy) attenuated the differences by up to 23, 27 and 33% for HbA1c, 
fasting and 2-hour glucose respectively. Differences in the upper two HbA1c 
quintiles and the upper quintile of fasting and 2-hour glucose remained sta-
tistically significant. Across the range of values, PWV increased by 0.19 m/s 
(95%CI: 0.11;0.28), 0.19 m/s (0.11;0.27) and 0.25 m/s (0.17;0.33) per standard 
deviation increase in HbA1c, fasting and 2-hour glucose respectively, adjusted 
for age, sex and MAP.
Conclusion: Our findings show similar impact of HbA1c, fasting, and 2-hour 
glucose levels on aortic stiffness (an early marker of systemic atherosclero-
sis). Although 2-hour glucose has a stronger impact on PWV in the highest 
ranges, its overall effect is explained to a larger degree by other cardiovascular 
risk factors. HbA1c may therefore be expected to perform at least as well as 
direct glucose measures in the prediction of cardiovascular events.

Figure 1.
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Central obesity markers, but not BMI, are associated with cardiovascular 
risk in type 2 diabetic patients: results from the ADVANCE study
S. Czernichow1,2, R. Huxley1, A.-P. Kengne1, B. de Galan1,3, A. Pillai1,  
S. Zoungas1, D. Batty1,4, M. Marre5, B. Neal1, J. Chalmers1, on behalf of the 
ADVANCE Collaborative Group; 
1The George Institute for International Health, Sydney, Australia, 2Avicenne 
Hospital; University of Paris 13, Bobigny, France, 3Radboud University 
Nijmegen Medical Centre, Netherlands, 4MRC Social & Public Health 
Sciences Unit, Glasgow, United Kingdom, 5Bichat Hospital & Paris 7 
University, Paris, France.

Background and aims: The relative importance of anthropometric markers 
[body mass index (BMI), waist circumference (WC) and waist-to-hip ratio 
(WHR)] for cardiovascular risk in people with type 2 diabetes (T2D) has not 
been well established. These analyses examine the strength of the associations 
between baseline anthropometric markers and cardiovascular risk in T2D 
patients participating in the ADVANCE (Action in Diabetes and Vascular 
Disease: PreterAx and DiamicroN MR Controlled Evaluation) Study.
Materials and methods: 11,140 patients followed-up for 5 years were in-
cluded in the present report. Cox proportional hazard models were used to 
determine the hazard ratios (HR) and 95% confidence intervals (95% CI) for 
one standard deviation (SD) change in baseline BMI, WC and WHR after 
adjustment for age, sex, ethnicity, current smoking and treatment allocation. 
Results: Mean age was 66 years (SD = 6), 43% were female and 32% had 
macrovascular disease at baseline. Mean BMI was 28 kg/m² (SD = 5), WC 
was 98 (13) cm and WHR was 0.93 (0.08). During follow-up, 1147 major car-
diovascular, 647 major coronary, 484 major cerebrovascular events and 542 
cardiovascular deaths were recorded. A positive linear trend was observed for 
WC with cardiovascular, coronary events (both p-values ≤ 0.05) and cardio-
vascular death (p = 0.07). A similar pattern was observed for WHR with car-
diovascular, coronary events and cardiovascular death (all p-values ≤ 0.001) 
and cerebrovascular events (p = 0.07). Multivariate HR (95% CI) associated 
with one higher SD for cardiovascular, coronary events and cardiovascular 
death were 1.10 (1.03-1.18), 1.13 (1.03-1.24) and 1.08 (0.98-1.19) for WC, 
respectively and 1.12 (1.05-1.19), 1.17 (1.08-1.28) and 1.19 (1.09-1.31) for 
WHR. BMI was not linearly related to any of the cardiovascular outcomes (all 
p-values > 0.6), but there was some suggestion of an inverse association with 
cerebrovascular events (p = 0.04), such that for every SD increment in BMI 
the risk of stroke was 0.92 (0.83-1.02). Sensitivity analyses excluding patients 
with macrovascular disease at baseline did not materially alter these results.
Conclusion: Data from this large, prospective, well characterised study in-
dicate that markers of central obesity, but not BMI, are positively and con-
tinuously associated with cardiovascular risk in older individuals with T2D 
and to a lesser extent with cerebrovascular outcomes. This lack of association 
with BMI is not unexpected in a population limited to individuals who al-
ready have long-standing diabetes. There was some suggestion of an inverse 
association between BMI and the risk of stroke which warrants further in-
vestigation.
Supported by: NHMRC & Servier Int.
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Differences in height and waist circumference explain gender differences 
in 2-hour plasma glucose levels - the Inter99 study
K. Færch1, K. Borch-Johnsen1,2, A. Vaag1, T. Jørgensen3, D.R. Witte1; 
1Steno Diabetes Center, Gentofte, 2Faculty of Health Sciences, University of 
Aarhus, 3Research Center for Prevention and Health, Glostrup, Denmark.

Background and aims: The prevalence of impaired glucose tolerance (IGT) 
is higher in women than in men. Currently, it is debated whether this higher 
prevalence in women is caused by hormonal factors or whether it is simply 
due to differences in body size between men and women and thereby differ-
ences in the ability to dispose of the fixed amount of 75 g glucose during an 
oral glucose tolerance test (OGTT). Therefore, the aim of this study was to 
test the hypothesis that men and women of same height and waist circumfer-
ence have similar 2-hour post OGTT plasma glucose (2hPG) levels.
Materials and methods: We used baseline data from 3,007 non-diabetic men 
and 3,104 non-diabetic women of the Inter99 study with available informa-
tion on height, waist circumference (WC), and 2hPG levels. Univariate analy-
ses between 2hPG and height and between 2hPG and WC were performed 
stratified by gender. Furthermore, a linear regression model with 2hPG level 

as response variable and height, WC, and gender as explanatory variables was 
tested.
Results: The mean ± SD 2hPG levels were 5.99 ± 1.83 for men and 6.17 ± 
1.69 for women (p<0.001 for diff.). In both men and women we found asso-
ciations between 2hPG and WC (p<0.001) and inverse associations between 
2hPG and height (p<0.001). When height, WC, and gender were included as 
explanatory variables, there was no difference in 2hPG levels between men 
and women (p=0.881), whereas both height and WC were still significantly 
associated with 2hPG levels (p<0.001). The figure illustrates 2hPG levels for 
men and women by height and WC strata.
Conclusion: Gender differences in the prevalence of IGT can be explained by 
differences in body size between men and women. This finding questions the 
validity of using the same standard 75 g-OGTT for classifying IGT in men 
and women of different body size. 

Supported by: FSS; DACEHTA; Novo Nordisk; Danish Heart Foundation; Dan-
ish Pharmaceutical Association; Augustinus, Ib Henriksen, Becket Foundation
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Prevalence and incidence of atrial fibrillation among patients with and 
without type 2 diabetes: a confluence of two epidemics?
G.A. Nichols1, K. Reinier2, P. Barnett2, S.S. Chugh2; 
1Kaiser Permanente Center for Health Research, Portland, 2Cedars-Sinai 
Medical Center, Los Angeles, United States.

Background and aims: Diabetes is a known risk factor for cardiovascular 
disease (CVD), but the relationship between diabetes and atrial fibrillation 
(AF) merits further evaluation. We sought to estimate and compare the prev-
alence and incidence of AF among patients with and without diabetes.
Materials and methods: From the electronic medical records of Kaiser Per-
manente Northwest, a group model HMO, we selected 10,213 patients who 
were members of the diabetes registry as of January 1, 1999, and 7,159 pa-
tients who entered the registry by December 31, 2004 (total=17,372). Index 
date was defined as January 1, 1999 or date of registry entry. We then matched 
these patients to KPNW members without diabetes on year of birth and sex. 
All patients were then followed until they died, left the health plan, or until 
December 31, 2008, whichever came first. We estimated the prevalence of AF 
at baseline, then followed patients without prevalent AF to estimate and com-
pare the incidence of AF among those with and without diabetes, controlling 
for age, sex, race, body mass index, systolic blood pressure, cigarette smoking, 
and comorbidities including ischemic heart disease, stroke, valvular disease, 
hypertension, and heart failure.
Results: Mean age of the study sample was 58.4+11.5 years and 51.2% were 
men. The prevalence of AF was significantly greater among patients with 
diabetes (3.6% vs. 2.5%, p<0.0001). Prevalence increased with age in both 
groups, but did so more dramatically among diabetes patients. Over a mean 
follow-up of 7.2+2.8 years, the 16,741 diabetic patients without prevalent AF 
at baseline developed AF at an age/sex adjusted incidence rate of 9.6/1000 
person-years (95% CI 9.0-10.2), compared to 6.9 (6.5-7.4) among the 16,930 
non-diabetic patients. Thus, the relative risk of AF was 39% (29-50%) greater 
among persons with diabetes. Among men, the age-adjusted incidence of AF 
per 1,000 person-years was 11.3 (10.5-12.2) and 8.6 (7.9-9.3), respectively, 
for patients with and without diabetes, producing a 32% (19-46%) greater 
relative risk among men with diabetes. Among women, age-adjusted AF in-
cidence was 7.9 (7.2-8.7) and 5.4 (4.8-6.0), respectively, with a higher relative 
risk attributable to diabetes of 48% (32-66%). After further controlling for 
other known risk factors, patients with diabetes were at 18% greater risk of 
developing AF (hazard ratio 1.18, 95% CI 1.07-1.30). AF risk associated with 
diabetes remained substantially higher among women (1.23, 1.07-1.43) than 
men (1.14, 1.01-1.29). 
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Conclusion: Atrial fibrillation is significantly more prevalent, and develops at 
a greater rate, among patients with diabetes. Although women are at a lesser 
absolute risk of AF than men, diabetes imparts a greater relative risk of AF 
among women than men. A potential mechanistic link between these two 
important disease conditions, and the differential effects of gender, warrants 
further investigation.
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Hypoglycaemia and risk of myocardial infarction in U.S. veterans with 
diabetes
D.R. Miller1, G. Fincke1, J.-P. Lafrance1, M. Palnati1, Q. Shao1, Q. Zhang2,  
V. Fonseca3, M. Riddle4, S. Vijan5, C.L. Christiansen1; 
1Department of Health Policy and Management, Boston University School 
of Public Health, Bedford, 2Sanofi Aventis, Bridgewater, 3Tulane University, 
New Orleans, 4Oregon Health & Science University, Portland, 5University of 
Michigan Health System, Ann Arbor, United States.

Background and aims: Hypoglycemia is a common and serious complication 
of diabetes treatment. There have been reports that hypoglycemia may in-
crease risk of cardiovascular disease (CVD) and mortality, a concern height-
ened by recent trial reports of adverse outcomes in patients randomized to 
intensive glycemic control. These risks are not well understood, however, and 
further research is needed.
Materials and methods: We conducted case control studies of hypoglycemia 
among diabetes patients in the U.S. Veterans Health Administration (VA) 
to assess CVD risks, using the Diabetes Epidemiology Cohorts, a national 
linked database of all veteran VA diabetes patients in the U.S. Among diabetes 
patients in 2000-2004 with no history of myocardial infarction (MI), unsta-
ble angina, or cardiac surgery, we identified 63,519 cases with first MI and 
1,009,746 controls with no MI. Controls were randomly matched to cases at 
a 12:1 ratio and assigned the index date of the case (hospital admission date 
for MI). Using diagnosis codes from inpatient and outpatient encounters, we 
identified hypoglycemic events prior to the index date (excluding the day of 
admission for MI and the day before to minimize potential ascertainment 
bias). MI risk was estimated using logistic regression with adjustment for 
CVD risk factors, other diabetes complications, other medical conditions, 
medications prescribed, laboratory test results, socio-demographic factors, 
and health care use. Analyses were stratified by insulin use. We also conduct-
ed a case-time-control analysis, comparing hypoglycemic event rates prior 
to the MI with rates occurring one year earlier, using a similar comparison 
in the controls to account for increasing age and severity of disease over the 
year.
Results: Hypoglycemic events in the year before the index date were more 
common in cases (9.6%) than controls (4.2%) with the greatest difference 
in the weeks before the index date. After adjusting for potential confound-
ers, the odds ratios and 95% confidence intervals for MI associated with hy-
poglycemic events in the 2 weeks before the index date were 1.60 (1.41-1.81) 
for those not using insulin, 1.53 (1.33-1.75) for insulin users, and 1.94 (1.28-
2.94) for new insulin users. MI risks were lower for hypoglycemia between 2 
weeks and 6 months before the index date and there was no elevated risk for 
hypoglycemia occurring more than 6 months ago (0.96 (0.90-1.01) for the 
prior year in insulin users). MI risks were particularly high for hypoglycemia 
in a recent hospital stay prior to admission for the MI. We found similar el-

evated risks in the case-time-control analysis suggesting that the results are 
not explained by unmeasured confounding.
Conclusion: Hypoglycemia occurred more often than expected prior to MI 
in diabetes patients. It remains to be determined whether hypoglycemia is 
simply a marker for increased risk of imminent MI or has a direct effect in 
causing the infarction. Clinicians should be cognizant of these potential risks 
in managing diabetes patients.
Supported by: CVD Risks Associated with Hypoglycemia - sanofi-aventis
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OP 24 Effects of maternal diabetes 
and childhood obesity in diabetes
139
Reduced renal reserve in non-diabetic adults exposed in utero to 
maternal type 1 diabetes
C. Abi Khalil1,2, F. Travert1,2, S. Fetita3, F. Rouzet4, R. Roussel1,2, S. Hadjadj5, 
D. LeGuludec4, J.-F. Gautier3, M. Marre1,2; 
1Diabétologie-endocrinologie-nutrition, Hopital Bichat, Paris, 2INSERM 
U695, Paris, 3Diabétologie-endocrinologie-nutrition, Hopital Saint-Louis, 
Paris, 4Service de médecine nucléaire, Hopital Bichat, Paris, 5Diabétologie-
endocrinologie-nutrition, CHU Poitiers, France.

Background and aims: Experimental animal studies support that fetuses 
exposed to hyperglycemia display impaired nephrogenesis and reduced glo-
bal angiogenesis. We tested if such a phenomenon could be observed in hu-
mans.
Materials and methods: We studied renal microcirculation of non-diabetic 
Offspring from Type 1 Diabetic Mothers (OT1DM) compared to similar sub-
jects born from Type 1 Diabetic Fathers (OT1DF). As Renal Functional Re-
serve (RFR) is a surrogate marker of nephron number and renal vasculature, 
we measured simultaneously Glomerular Filtration Rate (GFR, 51Cr-EDTA 
clearance), Effective Renal Plasma Flow (ERPF, 123I-Hippurate clearance), 
Mean Arterial Pressure (MAP, Dynamap®) and calculated Filtration Fraction 
(FF = GFR / ERPF), and Renal Vascular Resistances (RVR = MAP / ERPF), 
both at baseline, and during Amino Acid (AA) infusion
Results: The OT1DM (n = 19) and OT1DF (n =18) were similar for age (me-
dian 27 (range 18 - 41) vs 26 (18 - 37) years), sex ratio ( 14 F / 5 M vs 9 F / 9 
M), BMI ( 23.1 ± 3.7 vs 22.6 ± 2.3 Kg/m2), and birth weight ( 3288 ± 550 vs 
3440 ± 489 g). During AA infusion, GFR rose from 103 (9) to 122 (14) ml/
min in OT1DF, vs from 102 (12) to 110 (12) in OT1DM (inter-group com-
parison p<0.01), ERPF rose from 511 (72) to 591 (90) ml/min in OT1DF vs 
from 507 (57) to 530 (66) in OT1DM (p<0.01), and MAP varied from 85 (7) 
to 84 (5) mmHg in OT1DF versus from 89 (6) to 91(8) in OT1DM (p<0.01). 
RVR decreased less in OT1DM (from 0.18 (0.03) to 0.17 (0.03) mmHg/ml/
min) than in OT1DF (from 0.17 (0.03) to 0.15 (0.02); p<0.001). In addition, 
GFR changes were related to birth weights in OT1DM (r=0.62,p<0.01), not 
in OT1DF(r=-0.08,NS), while the ranges of birth weights were similar in the 
2 groups.
Conclusion: Fetal exposure to maternal diabetes is associated with reduced 
RFR (as assessed by comparative changes in GFR, ERPF and RVR), which 
may reflect a reduced number of nephrons and/or reduced renal microvascu-
larisation. Thus, offspring of T1D mothers may be predisposed to glomerular 
and cardiovascular diseases later in life.
Supported by: Programme hospitalier de recherche clinique, Paris-France 2004
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Perinatal outcome is worse in male newborns of women with 
pregestational diabetes mellitus
A. García-Patterson1, J. Adelantado2, G. Ginovart3, A. de Leiva1, R. Corcoy1; 
1Servei d’Endocrinologia, 2Servei d’Obstetrícia, 3Servei de Pediatria, Hospital 
de Sant Pau, Barcelona, Spain.

Background: Male sex is a well-known risk factor for unfavorable perinatal 
outcome that has only occasionally been assessed in diabetic pregnancy .
Aim: To assess perinatal outcome in infants of mothers with pregestational 
diabetes mellitus in relation to fetal sex.
Methods: Retrospective review using a prospectively collected database 
including all diabetic pregnancies attended in the Diabetes and Pregnancy 
Clinic of the Center from 1st January 1981 to 31st December 2006. The analy-
sis was limited to single pregnancies of women with pregestational diabetes 
mellitus (381 with Type 1 DM and 69 with Type 2 DM). Evaluated maternal 
characteristics were: anthropometrics, diabetes duration and mean HbA1c in 
the three trimesters. Outcomes measured: stillbirth, neonatal mortality, peri-
natal mortality, major malformations, newborns small/large for gestational 
age, preterm birth, and a composite outcome including all of the former. Sta-
tistics: Chi-square test, Student T-test or Mann-Whitney U-test correspond-
ing to qualitative variables, normally distributed quantitative variables and 
non-normally distributed quantitative variables. Significance was set at a 
bilateral p <0.05.

Results: Baseline and metabolic characteristics did not differ in mothers of 
male and female newborns. A consistent trend for worse outcome in male 
newborns was observed for most variables in both Type 1 and Type 2 DM 
without reaching statistical significance. Nevertheless the composite outcome 
was more frequent in male fetuses (56.2 vs 46.1%, p <0.05).
Conclusion: In women with pregestational diabetes mellitus, perinatal out-
come is worse in male newborns despite similar maternal characteristics.
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Anthropometric characteristics at 11 years in children exposed 
to maternal gestational diabetes mellitus or mild gestational 
hyperglycaemia in France: DIAGEST 2 study
A. Vambergue1, S. Schaller1, X. Lenne2, O. Verier3, M. Lepeut4, S. Biausque5, 
C. Dognin6, P. Fontaine1, Gestational Diabetes Study Group, Diagest Group; 
1Diabetology, CHRU Lille, 2CRESGE LEM, CNRS 8179, Lille, 3Diabetology, 
CH, Valencienne, 4Diabetology, CH, Roubaix, 5Gynecology, CH, Seclin, 
6Gynecology, CH, Douai, France.

Background and aims: Intrauterine exposure to gestational diabetes (GDM) 
may promote offspring overweight or obesity and cardiometabolic risk. It has 
been shown that there was a relationship between maternal glucose tolerance 
during pregnancy and offspring obesity or systolic blood pressure at 3 years. 
The objective of this study was to determine the anthropometric measure-
ments at 11 years in children exposed to gestational diabetes, mild gestational 
hyperglycaemia (MGH) compared to children whose mothers had a normal 
glucose tolerance (C) during pregnancy in a French population (466 GDM, 
322 MHG and 221 C).
Materials and methods: Each child whom mother had participated in a pre-
vious study on the screening and diagnosis of GDM (DIAGEST study) un-
derwent follow-up evaluations at a median age of 11 years. Measures included 
BMI, BMI z-score, waist circumference, skinfold thicknesses, documentation 
of medical history, dietary and physical activity habits. Childhood overweight 
and obesity were established using age-specific reference ranges.
Results: Five hundred fifteen children were assessed at 11 years of age, so 
the adherence to follow-up was 49.4%. We examined 257 offspring of GDM 
mothers, 150 offspring of MGH and 108 offspring of control mothers (49.9%, 
29.1% and 21 % of the whole population respectively). According to the IOTF 
criteria, the rate of overweight and obesity were respectively 22.8% and 8.2% 
in the whole population. The percentages of fat mass were significantly higher 
among children born from GDM mothers or MGH mothers compared to 
children born from control mothers (25.7% vs 26.1% vs 23.7%; p< 0.05 re-
spectively). In univariate analysis, there were a significant increase of the BMI 
z-score (1.80 vs 1.05, p<0.05), the waist circumference (71.64 cm vs 68.38 
cm, p<0.05), the percentages of fat mass (27.15% vs 24.95%, p<0.05) among 
children born with a macrosomia compared to those without. In multivari-
ate analysis, the only factor related to an increasing BMI z-score (p=0.0012), 
waist circumference (p=0.011) and percentage of fat mass (p=0.009), is mac-
rosomia at birth in children born from mother with an abnormal glucose 
tolerance.
Conclusion: This study confirms that there is an association of maternal glu-
cose tolerance during pregnancy with offspring adiposity at age 11 years. This 
association is dependent of the presence of macrosomia at birth. Exposure to 
a diabetic environment in utero predisposes to metabolic disturbances later 
in life. Maternal diabetes is associated with programming of overweight and 
obesity in offspring.
Supported by: DIAGEST Group’s members: NovoNordisk, LifeScan
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Prevalence and predictors of overweight in offspring of mothers with 
gestational diabetes
S. Hummel1, H. Boerschmann2, M. Pflüger2, M. Hummel2, A.G. Ziegler2,1; 
1Forschergruppe Diabetes der TU München, 2Diabetes Research Institute, 
Munich, Germany.

Background and aims: Recently we have shown, that maternal type 1 dia-
betes (T1D) is not an independant risk factor for overweight in offspring of 
type 1 diabetic mothers, but that factors associated with maternal T1D, such 
as short breastfeeding duration and high birth size, predispose children to 
overweight during childhood. We now studied the prevalence and predictors 
of overweight in offspring of mothers with gestational diabetes (GDM) and 
evaluated the influence of Body mass index (BMI) on the development of 
insulin resistance.
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Materials and methods: Data on child’s weight and height were collected at 
age 2 and 8 years from 331 children born between 1989 and 2000 participating 
in the prospective German GDM offspring study. All children had a mother 
with GDM. Overweight was defined as BMI percentile ≥90, adjusted for sex 
and age. Prevalence of overweight was compared to a prospective cohort of 
offspring of mothers with T1D (n=912) born between 1989 and 2000 partici-
pating at a similar follow-up study (BABYDIAB). Data on birth weight/height, 
maternal BMI before pregnancy, insulin requirement and smoking during 
pregnancy were collected at birth, breastfeeding data at age 3 months, 9 months 
and 2 years. To identify predictors of overweight, a multiple logistic regression 
analysis was performed. As an indicator for insulin resistance, HOMA-IR was 
determined on fasting venous blood samples at age 8 years (n=18).
Results: Prevalence of overweight in offspring of mothers with GDM was 
17.2% at age 2 years and 20.2% at age 8 years and was increased compared to 
offspring of mothers with T1D (14.6% at age 2 years and 11.5% at age 8 years; 
p=0.3 and p=0.04 respectively). Multivariate analysis including birth size, 
maternal BMI and maternal insulin requirement during pregnancy as covari-
ates indicated that risk for overweight was increased throughout childhood in 
offspring of mothers with GDM who were born large for gestational age (HR 
6.3, 95%CI:0.9-41.9, p=0.06 at 2 years of age and HR 5.2, 95%CI:1.2-23.0, 
p=0.03 at 8 years of age) and in offspring of mothers with a maternal BMI>30 
kg/m² before pregnancy (HR 16.8, 95%CI:1.2-234.8, p=0.04 at age 2 years and 
HR 14.1 95%CI:1.4-147.3, p=0.03 at age 8 years). Smoking during pregnancy, 
duration of full breastfeeding and insulin requirement during pregnancy had 
no effect on weight development in offspring of mothers with GDM. At age 
8 years, HOMA-IR was significantly increased in overweight offspring of 
mothers with GDM compared to normal weight offspring (p=0.003).
Conclusion: Prevalence of overweight during childhood, which is associ-
ated with higher risk of insulin resistance, is increased in offspring of moth-
ers with GDM compared to offspring of mothers with T1D indicating that 
maternal diabetes type affects overweight risk. The finding that overweight 
risk is predicted by maternal obesity and high birth size suggests that both, 
genetic predisposition as well as exposure to maternal diabetic environment 
contribute to childhood growth in offspring of mothers with GDM.
Supported by: JDRF
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Could insulin sensitivity predict growth restricted infants?
M. Dalfrà1, E. Parretti2, G. Pacini3, G. Mello4, A. Lapolla1; 
1Medical and Surgical Sciences, University of Padova, 2Centro Donna, 
Azienda ULS 3, Pistoia, 3Metabolic Modeling Unit, National Research 
Council, Padova, 4Gynecology, Perinatology and Human Reproduction, 
University of Firenze, Italy.

Background and aims: The “Barker Hypothesis” suggests that low birth 
weight predicts future risk of developing obesity, cardiovascular disease and 
type 2 diabetes. Identification of the causes of fetal growth restriction (FGR) 
is critical for preventive and management strategies. It has been observed that 
post-glucose-load plasma insulin and glucose levels are lower in women with 
FGR fetuses than in women with a fetus with a normal growth. This seems 
to indicate that maternal carbohydrate metabolism might be involved in the 
pathogenesis of FGR. The aim of our study was to evaluate, in a large number 
of normotensive pregnant women with normal glucose tolerance, the effect 
of insulin sensitivity (evaluated with fating index QUICKI and dynamic in-
dex OGIS)and maternal anthropometric and demographic characteristics on 
fetal growth.
Materials and methods: 1814 Caucasian pregnant women with a pre-preg-
nancy BMI between 19 and 25, and singleton pregnancy were tested with a 
75g 2-hour glucose load in the period between 24 and 28 weeks of gestation. 
FGR was defined by a birth weight below the 5th percentile for gestational age 
and developed in 99 (5.5%) pregnant women..
Results: Women with FGR showed lower weight gain (7.1±vs12.8±3.2 
p<0.001), lower FPI (4.2±3.9vs 6.7±6.6;p0.007), AUC Glu (p<0.000) and AUC 
ins(p<0.000) higher QUICKI(0.46±0.14vs 0.39±0.06;p<0.000)and OGIS 
(469±71 vs444±65;p<0.0002) with respect to women with normal weight ba-
bies. Birth weight percentiles showed a positive correlation with weight gain 
( r=0.56, p<.01) and a negative correlation with ISQUICKI (r=-65, p<.006). In 
multiple logistic regression analysis, ISQUICKI and weight gain were shown to 
be statistically significant independent predictors of FGR. The adjusted odds 
ratios for FGR were 2.1 (95% CI 1.2-2.5) for each 0.05 ISQUICKI increment in 
ISQUICKI, and 1.2 (95% CI 1.1-1.9) for each 500 g decrement in weight gain.
Conclusion: In this study we demonstrated that women with FGR pregnan-
cies have higher insulin sensitivity than women with normal fetal growth. 

So we could suggest that increased insulin sensitivity leads to a reduction in 
metabolic substrates for fetal growth.
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Factors determining childhood adiposity and cardiometabolic risk over a 
5 year period - the Da Qing children study
Y.Y. Chen1, Y.S. Lee2, J.P. Wang3, Y.Y. Jiang3, H. Li1, W.Y. Yang1, Y.H. Hu3, 
K.O. Lee4, G.W. Li1; 
1Endocrinology, China-Japan Friendship Hospital, Beijing, China, 
2Pediatrics, National University of Singapore,  3Cardiology, Da Qing First 
Hospital, China, 4Medicine, National University of Singapore, Singapore.

Background and aims: Childhood adiposity is increasingly recognized as a 
significant predictor of cardiometabolic risks in later life. There are very few 
longitudinal studies of childhood adiposity, especially in Asian populations. 
We investigated various factors, including TV viewing time, birth weight, 
fasting insulin, glucose and triglycerides, and blood pressure, and their as-
sociation with change in childhood adiposity over a 5 year period.
Materials and methods: 424 five-year-old Chinese children enrolling into 
four public elementary schools in Da Qing city, China, were recruited for 
this cohort study in 1998. Birth weight, TV viewing time, blood pressure, 
anthropometric measurements, fasting insulin, glucose and triglycerides lev-
els were measured. Percentage ideal weight for height (WFH) was used as a 
measure of adiposity. All children were reassessed 5 years later. The children 
were ranked and classified into tertiles based on WFH at 5 years, or change 
in WFH from 5 to 10 years old. General linear model for analysis of variance 
was used to compare variables of interest in each tertile group. Multiple step-
wise regression analysis was used to assess the association of TV time, birth 
weight, WFH at 5 years and WFH at 10 years. The study was approved by 
the Ethics Committee of the China-Japan Friendship Hospital and the Public 
Health Ministry of China.
Results: Significant associations were found in TV viewing time, birth 
weight and fasting insulin. (1) At 5 years of age, total TV viewing time was 
significantly longer in boys with higher WFH at 5 years (WFH5)(p<0.05), but 
not in girls(p=0.09). Change in WFH was significantly correlated with TV 
viewing time in both boys (top tertile 5.31±0.28 vs. lowest tertile 4.18±0.28 
hrs/week, p<0.01) and girls (top tertile 5.31±0.29 vs. lowest tertile 4.41±0.29 
hrs/week, p<0.05). An increase of 5 hours/week of TV viewing time led to 
1.1 kg/m2 increase in BMI over the 5 years follow-up. (2) Birth weight was 
significant greater in the top tertile of WFH5 in both boys (p<0.01) and girls 
(p<0.05), but not with change in WFH 5 years later. (3) Fasting insulin (FI) 
and HOMA-IR were significantly higher in the top tertile of WFH5 in boys 
(p<0.01) and girls (p<0.05). In addition, FI, HOMA-IR, systolic and diastolic 
blood pressures, and triglycerides remained significantly higher in the top 
tertile of change in WFH 5 years later.
Conclusion: Although both TV viewing time and birth weight affected adi-
posity during early childhood, TV viewing time may be the stronger deter-
minant during later childhood and with change in WFH over 5 years. Greater 
change in WFH (from 5-10 years) may confer risk of development of cardi-
ometabolic disease. Thus, reducing TV viewing time in young children may 
help to prevent the development of obesity and decrease risk of cardiometa-
bolic disease.
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OP 25 Cognitive function and type 2 
diabetes mellitus
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A longitudinal study on cognition in type 2 diabetes: no accelerated 
cognitive decline
E. van den Berg1, Y.D. Reijmer1, J.H.J. de Bresser1,2, R.P.C. Kessels3,4,  
L.J. Kappelle1, G.J. Biessels1, Utrecht Diabetic Encephalopathy Study Group; 
1Department of Neurology, Rudolf Magnus Institute of Neuroscience, 
University Medical Center Utrecht, 2Image Sciences Institute, University 
Medical Center Utrecht, 3Donders Institute for Brain, Cognition, and 
Behaviour, Radboud University Nijmegen, 4Departments of Medical 
Psychology and Geriatrics, Radboud University Nijmegen Medical Centre, 
Netherlands.

Background and aims: Type 2 diabetes mellitus (T2DM) is associated with 
an increased risk of cognitive dysfunction. In a previous cross-sectional study 
we showed that patients with T2DM (mean duration: 8 years) performed 
worse than controls on the domains memory, information processing speed 
and attention and executive functioning. Patients and controls were reexam-
ined after a 4-year interval.
Materials and methods: Of the 178 participants at baseline (122 T2DM, 56 
controls) 106 (60%; 68 T2DM, 38 controls) participated in the follow-up ex-
amination. Cognitive status of individuals that did not attend follow-up as 
ascertained with the Telephone Interview for Cognitive Status was slightly 
lower than in those that did attend (p=0.07). Performance on 11 neuropsy-
chological tasks, covering 5 cognitive domains, was expressed in standard-
ized z-scores. ANOVA for repeated measures was used to examine the effect 
of Group, Time and the Group×Time interaction.
Results: The T2DM and control groups were similar in age, estimated IQ 
and sex distribution. There was a significant effect of Time on the domains 
abstract reasoning (mean difference in z-scores between T1 and T2 -0.16, 
p=0.03) and attention and executive functions (-0.29, p<0.001). Significant 
between-group effects were found on information-processing speed (mean 
difference in z-scores for T2DM compared to controls: -0.37, p<0.05) and 
attention and executive functions (-0.25, p=0.04), and a trend in the same 
direction on memory (-0.16, p=0.07). There were no significant Group×Time 
interactions.
Conclusion: In this sample of non-demented patients with T2DM we found 
modest decrements in cognitive functioning compared to controls. Between-
group differences at follow-up were similar to those found in the baseline 
examination. There was no accelerated decline in the T2DM group. Appar-
ently, cognitive decrements in T2DM develop slowly, over a much longer 
time frame than the 4 years sampled in the current study.
Supported by: the Dutch Diabetes Research Foundation
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Risks of cardiovascular disease and severe hypoglycaemia according to 
cognitive function in people with type 2 diabetes in ADVANCE
B.E. de Galan1,2, S. Zoungas2, A. Pillai2, C. Anderson2, C. Dufouil3,4,  
F. Travert4, A. Patel2, S. Heller5, M. Hackett2, D. Grobbee6, B. Neal2,  
M. Woodward2,7, S. MacMahon2, J. Chalmers2, ADVANCE Collaborative 
Group; 
1General Internal Medicine 463, Radboud University Nijmegen Medical 
Centre, Netherlands, 2The George Institute for International Health, Sydney, 
Australia, 3INSERM, Paris, France, 4UPMC University, Paris, France, 
5University of Sheffield, United Kingdom, 6Julius Centre for Health Sciences 
and Primary Care, Utrecht, Netherlands, 7Mount Sinai School of Medicine, 
New York, United States.

Background and aims: The relationship between cognitive dysfunction, car-
diovascular (CV) disease and premature death is not well established in peo-
ple with type 2 diabetes. We assessed the effects of cognitive dysfunction in 
11,140 patients with type 2 diabetes who participated in the Action in Diabe-
tes and Vascular disease: Preterax and Diamicron Modified Release Control-
led Evaluation (ADVANCE) trial. We also tested whether cognitive function 
at baseline influenced the beneficial effects of blood pressure lowering and 
glycaemic control in the trial.
Materials and methods: Cognitive function was assessed using the Mini 
Mental State Examination at baseline, and defined by scores 28-30 (‘normal’, 
n=8689), 24-27 (‘mild dysfunction’, n=2231), and <24 (‘severe dysfunction’, 

n=212). Risks of CV events (non-fatal myocardial infarction, non-fatal stroke 
and CV death), all cause mortality, CV death, severe hypoglycaemia and 
interactions with treatment, were assessed using Cox proportional hazards 
analysis.
Results: Compared with normal cognitive function, both mild and severe 
cognitive dysfunction at baseline significantly increased the multiple-adjusted 
risks of major CV events (HR 1.27 [95% confidence interval, 1.11-1.46] and 
1.42 [1.02-2.00]; both p<0.05), CV death (1.41 [1.16-1.71] and 1.57 [1.00-
2.48]; both p≤0.05) and all-cause mortality (1.34 [1.16-1.55] and 1.52 [1.07-
2.15]; both p<0.02). Severe, but not mild, cognitive dysfunction increased the 
risk of severe hypoglycaemia (HR 2.20 [1.19-4.06]; p=0.012). There was no 
evidence of heterogeneity of randomised treatment effects on these outcomes 
in subgroups defined according to baseline cognitive function.
Conclusion: Cognitive dysfunction is an independent predictor of clinical 
outcomes in people with type 2 diabetes but does not alter the effects of more 
intensive blood pressure or glucose lowering treatment on the risks of major 
CV events or death.
Supported by: grants from the NHMRC of Australia and Servier
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Correlates of cognitive function measured in frail elderly patients with 
diabetes mellitus
P. Mrak1, I. Rakovac2, A. Morak1, K. Kienreich1, C. Fritz2, T.R. Pieber2,3,  
B. Bauer1; 
1Province Hospital Hoergas, Gratwein, 2Institute of medical technologies 
and health management, Joanneum Research, Graz, 3Department of 
Endocrinology and Nuclear Medicine, Medical University of Graz, Austria.

Objective: Among elderly populations, impaired cognition imposes a heavy 
burden in terms of dementia-related quality of life, morbidity and mortal-
ity. Preventing or delaying cognitive decline would have considerable clinical 
and socioeconomic benefits. In this study, we investigated the relationship 
between cognitive function, glycaemic control and insulin treatment among 
frail elderly patients with diabetes mellitus.
Methods: Acute Geriatric Management and Remobilisation Units (AG/R) 
are specialized inpatient hospital wards introduced in Austria in recent years. 
AG/R provide interdisciplinary rehabilitation and mobilisation services for 
frail elderly patients. In AG/R Units Geriatric Comprehensive Assessment 
(GCA) is routinely used to assess the functional status of frail elderly patients 
and to guide the geriatric therapeutic process. In our analysis, we performed 
a record linkage between GCA data and a diabetes quality improvement data-
set (FQSD). Multiple linear regression models were fitted in order to investi-
gate correlations between cognitive function, measured by Mini Mental State 
Exam (MMS), and several potential correlates of cognitive function including 
age, sex, BMI and glycaemic control.
Results: Between November 2002 and November 2006, 316 consecutive pa-
tients with diabetes mellitus were admitted to AG/R unit at the Hoergas hos-
pital. Mean age was 77 ± 9 years, with mean diabetes duration of 9 ± 10 years. 
69% of patients were female, mean BMI was 26 ± 5 kg/m2, mean HbA1c was 
6.7 ± 1.2 %, and mean fasting plasma glucose (FPG) was 147 ± 54 mg/dl. 
Insulin was used by 26%. Median MMS score was 26 (IQR 23 - 28) points. 
In linear models, a relationship between MMS and age, BMI (non-linear) 
and stroke was established. Gender and insulin treatment did not show a sig-
nificant correlation with MMS scores and were eliminated from the model. 
Impact of glyceamic control was explored by adding gylceamic control to 
the previous model: FPG and HbA1c were added in a stepwise fashion as 
predictors. An increase in 1 mg/dl of FPG resulted in a predicted decrease 
of 0.01 MMS score points (p=0.008). An increase of 1% HbA1c resulted in 
predicted MMS score decrease of 0.33 points (p=0.08). Further results are 
given in figure 1.
Discussion: In our sample, cognitive function was negatively associated with 
older age and stroke, and positively with moderate obesity. Inferior glyceamic 
control was associated with impaired cognitive function with FPG being a 
better predictor than HbA1c. Prospective controlled studies are needed in 
order to determine if the decline in cognitive function can be reversed, ar-
rested or delayed with tight glyceamic control.
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Figure 1: Impact of change of independent predictors from lower to upper 
quartile on predicted MMS scores. Black, grey and white bars represent 95%, 
99% and 99.9% confidence intervals, respectively.
Supported by: Novo Nordisk Pharma Austria
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Rosiglitazone and cognitive stability in older persons with type 2 
diabetes and mild cognitive impairment 
A.M. Abbatecola, G. Paolisso; 
Geriatric Medicine & Metabolic Disease, Second University of Naples, Italy
.
Background and aims: Type 2 diabetes mellitus (T2DM) has been consist-
ently associated with a higher risk of cognitive decline, especially Mild Cog-
nitive Impairment (MCI). Such findings suggest that T2DM can predict cog-
nitive impairment through mechanisms affecting the amyloid accumulation 
or indirect mechanisms, namely cerebrovascular disease. Considering that 
insulin resistance (IR) is a critical component in the causal pathway to cogni-
tive impairment, the objective of our study was to test whether an improve-
ment in IR could explain cognitive performance variations in older person 
with MCI and T2DM that had recently began anti-diabetic oral or diet treat-
ment over a 9 month observation period.
Materials and methods: Ninety-seven older persons (mean age: 76 + 6 yrs) 
from a group of approximately two hundred individuals with MCI and T2DM 
in poor metabolic control that recently (less than 2 months) began anti-dia-
betic oral treatment with: metformin (1000mg/day) (n=30), or metformin 
(500mg/day) + rosiglitazone (4mg/day) (n=32) or in diet therapy (n=35) 
agreed to participate in study protocol. Exclusion criteria included: demen-
tia, cardiovascular disease, severe hypertension, stroke, heart failure, MCI>6 
months, or severe depression. All participants underwent a neuropsychologi-
cal battery that consisted of the Mini Mental State Examination (MMSE), Rey 
Verbal Auditory Learning total recall (RAVLT), Trail Making Tests (TMTA, 
TMTB, DIFFBA) which was performed at baseline and every 12 weeks for 9 
months along with biochemical and clinical testing (including electrocardio-
grams). Echocardiography and myocardial perfusion scintigraphy tests were 
performed in all participants at baseline and at the last follow-up.
Results: Baseline data: There were not any significant differences found be-
tween groups at baseline in any clinical or neuropsychological parameters. 
The mean values of the following parameters were found in the entire popu-
lation at baseline: HbA1c= 7.5 + 0.5 %, FPG = 8.6 + 1.3 mmol/l, FPI=148 
+ 74 pmol/l, MMSE=24.9 + 2.4, TMTA=61.6 + 42.0, TMTB=162.8 + 78.7, 
DIFFBA=101.2 + 58.1, RAVLT=24.3 + 2.1. Follow-up data. No participant 
had experienced any cardiovascular event during the study period. ANOVA 
models were created to test metabolic control parameters (fasting plasma 
insulin (FPI), fasting plasma glucose (FPG), HbA1c) within and between 
groups over time. Metabolic control parameters (HbA1c, FPG, FPI) signifi-
cantly improved in the metformin and the metformin+rosiglitazone groups 
only (p for trend<0.05 in both groups). ANCOVA repeated models were per-
formed to test cognitive performance variability independently of common 
confounders over time and showed that the metformin+rosiglitazone group 
maintained cognitive stability on all cognitive tests, the diet controlled group 
maintained stability on the MMSE test only and showed a decline in TMT-B 
(p for trend=0.024), executive efficiency (DIFFBA) (p for trend= 0.026) and 
RAVLT memory test (p for trend=0.011), while the metformin group main-
tained stability on MMSE, TMTs, but showed a decline in the RAVLT (p for 
trend=0.011). Using linear mixed effects models, the decline in FPI levels was 
independently associated with cognitive stability on the RAVLT memory test 
for the metformin + rosiglitazone group only (β=-3.333; p<0.001).
Conclusion: These findings suggest that rosiglitazone, may protect against 
cognitive decline in older persons with T2DM and MCI.
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MRI correlates of cognitive decline in patients with type 2 diabetes
Y.D. Reijmer1, J. de Bresser2, E. van den Berg1, C. Jongen2,  
M.A. Viergever2, R.P.C. Kessels3, L.J. Kappelle1, G.J. Biessels1,  
Utrecht Diabetic Encephalopathy Study group; 
1Neurology, University Medical Center Utrecht, 2Image Sciences Institute, 
University Medical Center Utrecht, 3Donders Institute for Brain, Cognition 
and Behaviour, Radboud University Nijmegen, Netherlands.

Background and aims: Type 2 diabetes (DM2) is associated with an in-
creased risk of cognitive dysfunction and dementia. In a previous cross-sec-
tional study we demonstrated cognitive decrements and brain abnormalities 
in DM2 patients compared to controls. Patients and controls were re-exam-
ined after 4 years to study changes over time. The present study focuses on 
brain MRI abnormalities underlying cognitive decline in patients with DM2.
Materials and methods: Cognitive functioning was assessed twice in 54 
DM2 patients without dementia, with a 4-year interval. 1.5T MRI scans 
were obtained at both time-points. Automated volumetric measurements of 
sub-cortical structures, cortical gray-matter, lateral ventricles, white-matter 
lesions and cerebrospinal fluid volume were performed and expressed as a 
percentage of intracranial volume. Cognitive assessment consisted of 11 
neuropsychological tasks, covering 5 cognitive domains. Only the 3 cogni-
tive domains which showed a group difference at baseline were used for the 
present analyses (i.e. memory, information processing speed, attention and 
executive functioning). A regression based index, using the control group as 
a reference, was calculated to assess changes in cognitive test performance 
over time, adjusted for age, estimated IQ and sex. Changes in brain volume 
in DM2 patients with the 15% greatest decline in cognitive performance on 
any of the three domains (n=22) were compared to the other DM2 patients 
(n=32).
Results: There were no significant differences in any of the baseline param-
eters between patients that attended (n=54) and patients that did not attend 
follow up (n=44). DM2 patients within the 15% of greatest decline on any 
of the three domains showed a significant increase in white matter lesion 
volume (mean difference±S.E.: 0.12%±0.05; p<0.05) and ventricular volume 
(0.21%±0.06; p=0.001) over the 4-year period compared to DM2 patients 
without this reduction in cognitive performance. The groups did not differ 
on changes in sub-cortical structures (0.01%±0.20) or cortical gray-matter 
volumes (-0.34%±0.29).
Conclusion: These results indicate that white matter lesions and subcortical 
atrophy in DM2 may underlie the cognitive decline observed in a subgroup 
of DM2 patients.
Supported by: the Dutch Diabetes Research Foundation
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The lifestyle intervention reversed cognitive function in aged people with 
diabetes mellitus, two year follow-up
N. Yamamoto1, K. Otsuka1, E. Takasugi1, N. Hotta1, T. Yamanaka1,  
M. Ishikawa1, G. Yamanaka1, S. Murakami2, K. Matsubayashi3, T. Hanafusa4; 
1Internal Medicine, Tokyo Women’s Medical University, Medical Center 
East, Arakawa, 2Cardiology, Osaka Medical College, Takatsuki city, 
3Gentrogy, Center for Southeast Asian Studies, Kyoto University, 4The First 
Department of Internal medicine, Osaka Medical College, Takatsuki city, 
Japan.

Background and aims: Type 2 diabetes is associated with poor performance 
on various cognitive tests, especially with aging. Cognitive impairment, with 
or without features of overt dementia, is a major cause of the disease burden 
in an aging population. However, regarding decreased cognitive function in 
elderly people with DM; it remains unclear whether the cognitive decline in 
elderly DM people is reversible. To clarify the reversibility of cognitive de-
cline in elderly people with type 2 diabetes.
Materials and methods: In August 2006, we recruited 129 people aged older 
than 75 years who participated in free health screening offered by the Health 
Care Center of Tosa town in Japan. Written informed consent was obtained 
from participants. Before and after two years of lifestyle intervention, 55 peo-
ple older than 75 years with DM or IGT defined as 75g OGTT and 74 control 
people were evaluated for cognitive function including MMSE, HDS-R and 
Koh’s block design test.
Results: The DM group had significantly lower MMSE and HDSR scores 
in baseline than that of the NGT group (NGT vs. IGT vs. DM = 27.1±0.7 
vs. 26.1±1.0 vs. 24.5±1.4 points, p<0.01, 26.7±0.8 vs. 26.4±1.1 vs. 23.8±1.6 
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points, p<0.01). The quantity of the MMSE and HDS-R score change between 
baseline and follow up was significantly larger in the DM group than in the 
control group (NGT vs. IGT vs. DM = -0.0±0.6 vs. -0.0±0.9 vs. 1.9±1.2 points, 
p<0.01, 0.0±0.9 vs. -0.1±0.9 vs. 1.7±1.6 points, p<0.01). The delayed recall 
function was lower in the IGT and DM group than in the NGT group at 
baseline, but no difference was found among the three groups after interven-
tion (Baseline: NGT vs. IGT vs. DM = 2.6±0.3 vs. 2.1±0.3 vs. 1.6±0.3 points, 
p<0.05; After: NGT vs. IGT vs. DM = 2.6 ±0.2 vs. 2.3±0.2 vs. 2.2±0.5 points). 
Koh’s block design test did not change before and after intervention. Stepwise 
regression analyses showed that the quantity of cognitive function changes 
independently in relation to DM group membership and HbA1c in baseline 
(standard β = 0.3, p<0.05, standard β = 0.2, p<0.01, respectively).
Conclusion: The lifestyle intervention involving glycemic control has a ben-
eficial effect on selective aspects of cognitive decline in elderly people with 
type 2 diabetes mellitus.

OP 26 Mechanisms and markers of 
cardiovascular disease
151
High liver fat content is associated with impaired myocardial perfusion 
and metabolism in patients with uncomplicated type 2 diabetes
M. Diamant1, L.J. Rijzewijk1, J.T. Jonker2, R.W. van der Meer3, M. 
Lubberink4, H.W.A. de Jong4,5, J.A. Romijn2, J.J. Bax6, A. de Roos3,  
R.J. Heine1,7, A.A. Lammertsma4, J.W.A. Smit2, H.J. Lamb3; 
1Diabetescenter, VU Medical Center, Amsterdam, 2Endocrinology, Leiden 
University Medical Center, 3Radiology, Leiden University Medical Center, 
4Nuclear Medicine and PET research, VU Medical Center, Amsterdam, 
5Radiology, University Medical Center Utrecht, 6Cardiology, Leiden 
University Medical Center, Netherlands, 7Eli Lilly & Company, Indianapolis, 
United States.

Background and aims: Cardiovascular disease (CVD) is the leading cause 
of mortality in type 2 diabetes (T2DM). Central obesity and hepatic steato-
sis, both hallmark abnormalities in T2DM, have been related to increased 
CVD. The aim of the present study was to investigate whether T2DM patients 
without clinical ischemic heart disease, as assessed by dobutamine-stress 
echocardiography, with high versus low liver fat content differ with respect to 
myocardial function and metabolism.
Materials and methods: In sixty-one T2DM patients (mean age±SE 56.8±0.7 
yr, BMI 28.7±0.5 kg/m-2, HbA1c 7.1±0.1%) myocardial perfusion and sub-
strate metabolism were assessed by positron-emission tomography using 
[15O]water, [11C]palmitate under fasting conditions and [18F]-2-fluoro-2-de-
oxy-D-glucose under euglycaemic hyperinsulinaemic conditions. Addition-
ally whole-body insulin sensitivity (M/I) was determined. Moreover, myocar-
dial left ventricular (LV) systolic and diastolic function and dimensions were 
measured by magnetic resonance (MR) imaging and in a subgroup (n=25) 
the PCr/ATP ratio was assessed by [31P]-MR spectroscopy. Patients were di-
vided according to the liver median in a T2DM-low (n=30, liver fat ≤ 8.6%) 
versus T2DM-high (n=31, liver fat > 8.6%) liver fat group.
Results: Median (IQR) liver fat in T2DM-low was 3.1 (1.5-5.4) % and 
20.3 (12.9-29.2) % in T2DM-high patients. Patients in both groups were 
well matched for age, HbA1c and hemodynamics, but T2DM-high versus 
T2DM-low had a higher BMI (30.2±0.6 versus 27.1±0.6 kg/m2, P<0.001). 
T2DM-high relative to T2DM-low showed decreased myocardial perfusion 
(P<0.016) and glucose uptake (P=0.002), PCr/ATP ratio (P=0.011) and M/I 
(P<0.001), whereas myocardial fatty-acid metabolism and LV diastolic and 
systolic function and dimensions were similar. Significant associations were 
found between hepatic fat and myocardial glucose uptake (Spearmans’ rho 
r=-0.396, p=0.015), PCr/ATP ratio (r=-0.467, p=0.019) and M/I (r=-0.634, 
p<0.001). Myocardial glucose uptake was correlated with M/I (r=0.517, 
p<0.001) and PCr/ATP (Pearsons r=0.481, p=0.015). No correlations were 
found between myocardial metabolism and LV function.
Conclusion: High liver fat content in T2DM patients is associated with im-
paired whole-body insulin sensitivity which is paralleled by altered myocar-
dial perfusion, substrate and high-energy phosphate metabolism.
Supported by: Eli Lilly, the Netherlands
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Which cardiac fat depot is the best cardiometabolic risk marker? 
A. Sironi, R. Petz, D. De Marchi, V. Positano, M. Lombardi, A. Gastaldelli; 
Clinical Physiology Institute, Pisa, Italy.

Background and aims: Fat around the heart (mediastinal fat) accumulates in 
both the epicardial (EPI) and extrapericardial (Ex-PER) or intrathoracic area. 
Most of published work focused on EPI, now recognized as a cardiometabolic 
risk factor, and only few studies measured Ex-PER, despite most of the fat is 
accumulated in this region. Thus, we investigated the associations between 
EPI, Ex-PER and mediastinal fat with metabolic dysfunction and coronary 
heart disease (CHD) risk in healthy subjects.
Materials and methods: We studied 113 subjects (94M/19F; age: 18-74 years, 
BMI: 15-40 kg/m2) and measured total cardiac, Ex-PER, EPI, visceral (VF), 
subcutaneous (SC) fat depots, as well as cardiac function, by MRI. We also 
measured blood pressure, insulin sensitivity evaluated by QUICKI and OGIS, 
triglycerides (TG), cholesterol (total and HLD), glucose (FPG), insulin con-
centrations and 10-year CHD risk by Framingham score.
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Results: Most of cardiac fat was constituted of Ex-PER (~77%). However, 
in this group we observed a wide range of variability for both cardiac fat de-
pots (EPI ranged 172-2008 mm2 and Ex-PER ranged 100-5056 mm2). Both 
EPI and Ex-PER correlated significantly with BMI (r=0.34 and r=0.42), waist 
circumference (r=0.41 and r=0.53), visceral fat (r=0.40 and r=0.50), subcu-
taneous fat (r=0.40 and r=0.27). Only Ex-PER correlated significantly with 
mean blood pressure (r=0.29), insulin sensitivity (r=-0.22) and concentra-
tion of triglycerides (r=0.27). Only mediastinal fat and Ex-PER, but not EPI, 
could discriminate between subjects with more than 3 metabolic syndrome 
factors (ie, increased waist circumference, TG, FPG, blood pressure and/or 
low HDL) or medium to high CHD risk score (figure). However, no correla-
tion was found with cardiac function parameters (ejection fraction or left 
ventricular volume and mass). After correcting for BMI and waist, CHD risk 
remained associated with Ex-PER (partial r=0.24, p=0.003) or mediastinal fat 
(partial r=0.24, p=0.004) but not EPI (partial r=0.08, p=ns).
Conclusion: Increased Ex-PER or mediastinal fat, but not EPI, at least when 
measured by MRI, are better markers of altered metabolic profile and CHD risk.
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Effects of acute manipulation of serum NEFA concentrations on left 
ventricular (LV) energy metabolism in patients with heart failure
G. Perseghin1, G. Fragasso2, G. Lattuada3, A. Salerno2, A. Esposito4,  
F. De Cobelli4, T. Canu4, A. Margonato2, A. Del Maschio4, L. Luzi1; 
1Internal Medicine, Instituto Scientifico H San Raffaele & Università degli 
Studi di Milano, 2Clinical Cardiology – Heart Failure Clinic, Instituto 
Scientifico H San Raffaele, 3Internal Medicine, Instituto Scientifico H San 
Raffaele, 4Diagnostic Radiology, Instituto Scientifico H San Raffaele, Milano, 
Italy.

Background and aims: This study was designed to test the hypothesis wheth-
er acute changes in circulating energy substrates may be detrimental for the 
LV energy homeostasis in humans with heart failure.
Materials and methods: Cardiac function and the relative content of LV 
phosphocreatine (PCr) and ATP were assessed non-invasively using in vivo 
MR-imaging (MRI) and 31P MR-spectroscopy (MRS) in 10 individuals 
with chronic heart failure (age: 74±9 ys, BMI: 25.6±1.9 kg/m2, NYHA class: 
2 (1-3), ejection fraction (EF): 35±7%, fasting glucose: 96±11 mg/dl; fast-
ing insulin: 6.3±3.0 µU/ml) in two experimental conditions 7 days apart. In 
Study 1 MRI and 31P-MRS data were acquired before and 3 to 4 hours after 
the administration of a i.v. bolus + continuous heparin infusion designed to 
achieve a serum NEFA concentration of 1.2-1.5 mM. In Study 2 the same pro-
cedure was performed before and 3 to 4 hours after the oral administration of 
Acipimox designed to achieve a serum NEFA concentration of 0.1-0.2 mM. 
Acquisitions were acquired in the fasting and resting state.

Results: During the studies serum glucose and insulin concentration did not 
significantly change; serum NEFA increased from 0.65±0.24 to 1.21±0.47 
mM during Study 1 and dropped from 0.68±0.25 to 0.15±0.06 mM during 
Study 2. The PCr/ATP ratio did not change during Study 1 (from 1.70±0.22 to 
1.75±0.34; P=0.49) meanwhile during Study 2 it dropped from 1.81±0.23 to 
1.53±0.32 (P=0.016) and the percent change was also different (102±12% vs. 
85±15%; P=0.009). In parallel the LVEF did not change during Study 1 (from 
35±13% to 34±13%; P=0.21) meanwhile it dropped from 36±12% to 33±11% 
(P=0.03) during Study 2
Conclusion: In individuals with chronic heart failure acute reduction of se-
rum NEFA concentration impaired LV energy metabolism meanwhile a two-
fold increment did not induce any detectable change. These data demonstrate 
that deprivation of energy substrates in the acute setting may be detrimental 
for cardiac metabolism
Supported by: an EFSD Clinical Research Grant
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Role of HDL glycation in counteracting the inhibitory effect of oxidized 
LDL on endothelium-dependent vasorelaxation
M.-C. Brindisi1,2, L. Perségol1, L. Duvillard1, B. Vergès1,2; 
1INSERM Research Center 866, 2Teaching Hospital, Dijon, France.

Aims/hypothesis: In healthy normolipidaemic and normoglycaemic control 
subjects, HDL are able to reverse the oxidized LDL-induced inhibition of va-
sodilation. We have previously shown that in type 1 diabetic patients, HDL 
do not protect against inhibition of endothelium dependant vasorelaxation 
induced by oxidized LDL. This defect was not explained by abnormalities in 
HDL composition, size or paraoxonase activity. The aim of this study was to 
analyse the role of glycation of HDL on this vasodilation effect.
Methods: Blood samples were collected from healthy patients. Extracted 
HDL particles, separated by ultracentrifugation, were glycated in vitro using 
a procedure with a highly concentrated glucose solution, mimicking the “in 
vivo” conditions of glycation in type 1 diabetes. Vasoreactivity was evaluated 
by the relaxation response to acetylcholine of rabbits aorta rings pre-con-
tracted with noradrenaline, before and after two hours incubation with or 
without different lipoprotein fractions (Krebs’buffer; ox-LDL; normal HDL; 
normal HDL + ox-LDL; glycated HDL; glycated HDL + ox-LDL).
Results: Lipid composition of normal and glycated HDL was similar. The dif-
ference between the two kinds of HDL was glycation. Indeed the mean of the 
ratio Fructosamine/ApoA1 was 17.58 µmole /g of protein for normal HDL 
and 48.67 µmole /g of protein for glycated HDL. Oxidized LDL inhibited en-
dothelium vasodilation (maximal relaxation (Emax) = 53.34 ± 27.06 vs 98.67 
± 10.16 % for incubation in Krebs’buffer, p<0.005). Normal HDL were able 
to counteract the oxidized LDL-induced inhibition of vasorelaxation (Emax 
= 78.75 ± 19.72 vs 53.34 ± 27.06 %, p=0.003), whereas glycated HDL had no 
effect (Emax = 46.64 ± 21.72 vs 53.34 ± 27.06 %, p=0.35).
Conclusion: Our data indicate that glycation of HDL is responsible for the 
inability of HDL particles to counteract the oxidized LDL-induced inhibition 
of endothelium-dependant vasorelaxation. Glycation of HDL is likely to be 
one important factor explaining the absence of vasodilation effect of HDL 
particles in patients with diabetes.
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Higher plasma sRAGE levels are associated with incident cardiovascular 
morbidity and mortality as well as all-cause mortality in type 1 diabetes: 
a 12-yr follow-up study
J.W.M. Nin1, A. Jorsal2, I. Ferreira1, C.G. Schalkwijk1, M.H. Prins3,  
H.-H. Parving4, L. Tarnow2, P. Rossing2, C.D.A. Stehouwer1; 
1Internal Medicine, Maastricht University Medical Centre, Netherlands, 2Steno 
Diabetes Center, Gentofte, Denmark, 3Clinical Epidemiology and Medical 
Technology Assessment, Maastricht University Medical Centre, Netherlands, 
4Medical Endocrinology, University Hospital of Copenhagen, Denmark.

Background and aims: Plasma soluble receptor for advanced glycation end-
products (sRAGE) is a putative indicator of RAGE expression, which is asso-
ciated with vascular complications. Studies so far have shown contradictory 
results and whether sRAGE is associated with incident cardiovascular disease 
(CVD) and mortality is unknown. We have therefore addressed this question 
in a prospective cohort study of individuals with type 1 diabetes (T1D) and 
the extent to which any such association could be explained by renal dysfunc-
tion (estimated GFR, eGFR).
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Materials and methods: We studied 358 individuals (187 with diabetic ne-
phropathy and 171 with persistent normoalbuminuria, 216 men, mean age at 
baseline of 41±10 yrs) who were followed for a median period of 12.3 (7.1-
12.5) years. Plasma sRAGE was measured at baseline by means of ELISA; 
eGFR was estimated by the MDRD equation; data on non-fatal CVD events 
were obtained from patient and hospital files, and data on mortality were 
retrieved from the Danish National Register. We used multiple Cox regres-
sion analyses, first adjusted for age, sex, duration of diabetes and HbA1c, 
and further for other CVD risk factors (i.e. total cholesterol, systolic BP and 
smoking, and also eGFR) to investigate the association between sRAGE and 
the incidence of fatal and non-fatal CVD and all-cause mortality. Results are 
expressed by HR and respective 95% CI.
Results: During the follow-up 100 (27.9%) patients suffered a fatal or non-fa-
tal CVD event and, considering all causes, 91 (25.4%) died. The incidence of 
fatal and non-fatal CVD and of all-cause mortality increased with increasing 
levels of sRAGE (Figs. 1A and 1B): HR=1.50 (95%CI: 1.27 to 1.77, p<0.001) 
and HR=1.46 (1.25 to 1.70, p<0.001) per 1 SD increase in plasma sRAGE, re-
spectively. These associations were attenuated after adjustments for CVD risk 
factors [HR=1.30 (1.09 to 1.54), p=0.003 for fatal and non-fatal CVD events, 
and HR=1.30 (1.10 to 1.52), p=0.002 for all-cause mortality], but were fur-
ther attenuated after adjustment for eGFR [HR=1.16 (0.96 to 1.40), p=0.125 
for fatal and non-fatal CVD events and HR=1.18 (0.99 to 1.41), p=0.073 for 
all-cause mortality].
Conclusion: Higher levels of sRAGE are associated with incident fatal and 
non-fatal CVD and all-cause mortality in T1D. Although we cannot exclude 
the possibility that eGFR is a confounder in the examined association, our 
findings suggest that renal dysfunction could mediate, at least in part, the as-
sociation between plasma sRAGE and the high risk of CVD in T1D.

Figure 1: Cummulative hazard for non-fatal and fatal cardiovascular events 
(A) and all-causemortality (B) across tertiles of sRAGE. Data are adjusted 
for age, sex, duration of diabetes and HbA1c.

Dr Ferreira is supported by a post-doc research grant (#2006T050) from the 
Netherlands Heart Foundation
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Type 2 diabetes significantly modulates the impact of TCF7L2 rs7903146 
variant on the risk of coronary atherosclerosis
A. Muendlein1, C.H. Saely1,2, S. Rhomberg1,3, G. Sonderegger1, P. Rein1,2,  
T. Winder1, S. Beer1, A. Vonbank1,2, H. Drexel1,2; 
1VIVIT Institute, Feldkirch, Austria, 2Department of Internal Medicine, 
Academic Teaching Hospital Feldkirch, Austria, 3Private University in the 
Principality of Liechtenstein, Triesen, Liechtenstein.

Background and aims: Variations in the transcription factor 7-like 2 
(TCF7L2) gene, particularly rs7903146, increase the risk of type 2 diabetes 
(T2DM). Coronary artery disease (CAD) is the most frequent cause of death 
in T2DM patients, and CAD shares common risk factors with T2DM. Poten-
tial associations between TCF7L2 variant rs7903146 and coronary athero-
sclerosis are unknown.
Material and methods: We addressed the association between rs7903146 
and CAD in a large cohort of 1595 consecutive Caucasian patients under-
going coronary angiography for the evaluation of stable CAD. An additive 
model of inheritance was used; significant CAD was diagnosed in the pres-
ence of coronary stenoses ≥50%.
Results: The prevalence of T2DM significantly increased from homozygous 
carriers of the frequent allele over heterozygous subjects to those who were 
homozygous for the rare allele (20.3%, 24.9%, and 31.3%; ptrend=0.001). In 
the total study cohort, variant rs7903146 was significantly associated with 
the presence of significant CAD (adjusted odds ratio (OR) 1.27 [1.06-
1.51]; p=0.008). Importantly, subgroup analyses with respect to the pres-
ence of T2DM showed a strong and significant association between vari-
ant rs7903146 and significant CAD in T2DM patients (n=373; OR=1.84 
[1.27-2.68]; p=0.001), whereas in non-diabetic subjects (n = 1222), variant 
rs7903146 was not associated with significant CAD (OR=1.08 [0.88-1.32]; 
p=0.446). An interaction term T2DM x rs7903146 was significant (p=0.004), 
indicating that this variant had a significantly stronger impact on CAD in 
patients with T2DM than in non-diabetic individuals.
Conclusion: We conclude that T2DM significantly modulates the impact 
of TCF7L2 rs7903146 variant on angiographically characterized coronary 
atherosclerosis. 
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Defective insulin crystallisation in beta cells in the absence of ZnT8
K. Lemaire1, M.A. Ravier2, A. Schraenen1, J.W.M. Creemers3, R. Van de 
Plas4, M. Granvik1, D. Daro2, E. Waelkens1, F. Chimienti5, G. Rutter6,  
P. Gilon2, P. in ‘t Veld7, F. Schuit1; 
1Molecular Cell Biology, KULeuven, Leuven, Belgium, 2Unit of 
Endocrinology and Metabolism, University of Louvain, Brussels, Belgium, 
3Department of Human Genetics, KULeuven, Belgium, 4Department 
of Electrical Engineering (ESAT), KULeuven, Belgium, 5Sas, inac/scib, 
Mellitech, Grenoble, France, 6Section of Cell Biology, Imperial College, 
London, United Kingdom, 7Department of Pathology, Vrije Universiteit 
Brussel, Belgium.

Background and aims: In beta cells, zinc co-crystallises with insulin in 
dense-core secretory granules, but the exact role of zinc in insulin biosynthe-
sis, storage and secretion is unknown. Polymorphism in the ZnT8 gene con-
fers susceptibility to T2D, and autoantibodies to ZnT8 protein are observed 
in T1D. The aim of this study was to assess the role of ZnT8 in beta cells using 
mice that are deficient in ZnT8 expression (ZnT8-/- mice).
Materials and methods: ZnT8-/- mice have a deletion of the promotor region 
and first exon. ZnT8 expression was assessed by RT-PCR, Western blots, and 
immunohistochemistry. Beta cell ultra-structure was investigated by trans-
mission electron microscopy. Glucose tolerance was measured at age 6, 12, 
25 and 52 weeks and after 10 weeks on high fat diet. Insulin processing was 
analysed via 35S pulse chase experiments and in situ mass spectral tissue pro-
filing of pancreatic islets. Insulin release from isolated islets was measured in 
perifusion experiments, and zinc exocytosis from islet cell clusters was moni-
tored by total internal fluorescence microscopy.
Results: ZnT8-/- mice were completely negative for the expression of islet 
ZnT8 mRNA and protein. Absence of ZnT8 expression caused loss of zinc 
release upon stimulation of exocytosis, indicating that ZnT8 is the only zinc 
transporter responsible for efflux of zinc to the secretory granules. Also dense-
core insulin granules were absent in ZnT8-/- beta cells (92.2 ± 6.6 vs 7.0 ± 2.7 
%, p<0.0001); instead, immature, pale insulin “progranules” were detected, 
which were larger (433±83 vs 375±84 nm, p<0.001) than insulin granules in 
control cells. This phenotypic change was associated with loss of in situ and 
in vitro staining of islets with dithizone and disappearance of the bright light 
reflection of isolated islets. In contrast, rates of insulin biosynthesis, insulin 
content and insulin release after glucose stimulation were well preserved in 
ZnT8-/- mice. Moreover, when ZnT8-/- mice were fed a normal diet, glucose 
tolerance was preserved. However, when fed a high fat diet, the ZnT8-/- mice 
had the tendency to gain more weight and became glucose intolerant. 
Conclusion: This study shows the importance of beta cell secretory granule 
ZnT8 transporter in the formation of insulin crystals which -in turn- explains 
islet dithizone staining and the bright light reflection of isolated islets. Our in 
vivo data also suggest that zinc-insulin crystals allow a better insulin packag-
ing efficiency in beta cell granule stores, which is relevant for resisting abnor-
mal glucose homeostasis under the metabolic stress of a high fat diet.
Supported by: FWO Vlaanderen, FNRS Brussels, IUAP, GOA, EURODIA
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Metabolic amplification of insulin secretion in mouse islets: role of beta 
cell microtubules and microfilaments
N.I. Mourad, M. Nenquin, J.-C. Henquin; 
Unit of Endocrinology and Metabolism, University of Louvain, Brussels, 
Belgium.

Background and aims: Two pathways control glucose-induced insulin se-
cretion. The triggering pathway involves closure of KATP channels in the 
beta cell membrane, depolarization, influx of Ca2+ and a rise in the cytosolic 
concentration of ionized Ca2+ ([Ca2+]c), which then triggers exocytosis of in-
sulin granules. The amplifying pathway augments insulin secretion without 
further increasing [Ca2+]c. It is not known how this metabolic amplification 
augments the efficacy of Ca2+ on exocytosis. In the present study, we tested 
a previously proposed hypothesis suggesting that amplification results from 
the acceleration of insulin granule translocation from a reserve pool to the 
exocytotic sites at the plasma membrane. Such translocation is thought to 
involve granule movement along microtubules, followed by their transfer 
across a sub-membrane web of microfilaments.

Materials and methods: After 18h culture, normal mouse islets were treat-
ed for 90 min with agents known to interfere with microfilament function 
(cytochalasin B, latrunculin B or jasplakinolide), with microtubule function 
(taxol or vinblastine) or both (taxol and cytochalasin B). The amplifying 
effect of glucose was tested by comparing insulin secretion and [Ca2+]c in 
low (1-3mmol/l) or high (15mmol/l) glucose after [Ca2+]c was raised by a 
high concentration (500µmol/l) of tolbutamide (KATP channels closed) or 
by 30mmol/l KCl in the presence of 100µmol/l diazoxide (KATP channels 
open).
Results: In control islets, glucose amplified insulin secretion in the presence 
of tolbutamide (~ 4x) and of KCl (~ 2x). Depolymerization of microfilaments 
by cytochalasin B or latrunculin B augmented (2-3x) tolbutamide- or KCl-in-
duced insulin secretion in low glucose without affecting [Ca2+]c, and did not 
impair the amplifying action of high glucose. Amplification in the presence 
of KCl was even larger (~ 4x). Surprisingly, stabilization of microfilaments by 
jasplakinolide also augmented tolbutamide- and KCl-induced insulin secre-
tion in low glucose (~1.5x) independently of [Ca2+]c changes, and did not 
affect the amplification of secretion by high glucose. Both stabilization (taxol) 
and depolymerization (vinblastine) of microtubules inhibited (~1.4x) insulin 
secretion in low glucose + KCl or tolbutamide, and unexpectedly attenuated 
the [Ca2+]c rise induced by both stimuli. Nevertheless, this did not impair the 
amplifying effect of high glucose. Amplification of insulin secretion was also 
unaltered in islets treated by a combination of cytochalasin B and taxol.
Conclusion: Pharmacological disruption of beta cell microfilaments mark-
edly augments insulin secretion independently of [Ca2+]c changes, which 
supports the concept of the inhibitory role of microfilaments in exocytosis. 
In contrast, the inhibition of insulin secretion by agents affecting microtu-
bules may partly be attributed to a previously unreported lowering of [Ca2+]c. 
Finally, metabolic amplification does not appear to require functional mi-
crofilaments or microtubules. The results, therefore, do not support the hy-
pothesis suggesting that the process corresponds to mobilization of insulin 
granules from a reserve pool, but point to a more distal step of stimulus-se-
cretion coupling.
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Glucose- and hormone-induced cAMP oscillations in intact prancreatic 
islets
G. Tian, E. Gylfe, A. Tengholm; 
Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Cyclic AMP is an important messenger in insulin and 
glucagon secretion from pancreatic β- and α-cells. However, little is known 
about the kinetics of cAMP signals in islet cells. In the present study we in-
vestigated the effects of adenylyl cyclase-activating hormones and glucose on 
the cAMP concentration beneath the plasma membrane ([cAMP]pm) of cells 
within intact isolated mouse islets.
Materials and methods: Islets were isolated from the pancreata of C57/Bl 
mice and infected with adenovirus expressing a fluorescent translocation 
biosensor for [cAMP]pm. After attachment of the islets to coverslips, biosen-
sor fluorescence changes were recorded from the superficial islet cells adher-
ing to the glass using ratiometric evanescent wave microscopy. β-cells were 
identified based on their large size and [cAMP]pm-lowering in response to 
adrenaline, while α-cells were smaller and reacted to adrenaline with an in-
crease of [cAMP]pm.
Results: In islets exposed to 3 mM glucose, [cAMP]pm was low and stable. Ad-
dition of 1-100 nM GLP-1 or glucagon induced prompt elevation of [cAMP]pm 
with oscillations synchronized among β-cells identified by [cAMP]pm lowering 
after exposure to 5 µM adrenaline. The GLP-1 and glucagon response patterns 
were dose-dependent with increasing duration of each [cAMP]pm oscillation 
with concentration of the stimulus. The hormone-induced [cAMP]pm eleva-
tions were markedly enhanced by a rise of the glucose concentration to 11 
mM. Elevation of the glucose concentration to 11 or 20 mM in the absence 
of hormone stimuli induced a marked increase of [cAMP ]pm and slow oscil-
lations (frequencies range 0.13-0.59/min) both in α-cells reacting to subse-
quent addition of adrenaline with elevation of [cAMP]pm and in cells where 
adrenaline suppressed [cAMP]pm. The glucose-induced [cAMP]pm oscillations 
persisted but with diminished amplitudes after removal of extracellular Ca2+.
Conclusion: Glucagon, GLP-1 and glucose stimulation is associated with 
pronounced changes of cAMP concentration beneath the plasma membrane 
of individual cells within intact pancreatic islets. Such oscillations should 
contribute to the pulsatile release of islet hormones. The glucose-induced el-
evation of [cAMP]pm in α-cells may underlie a recently identified Ca2+-inde-
pendent stimulatory action of the sugar on glucagon secretion.
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Subplasmalemmal Ca2+measurements in pancreatic beta cells support 
the existence of an amplifying effect of glucose on insulin secretion
M.A. Ravier1, R. Cheng-Xue1, A.E. Palmer2, J.-C. Henquin1, P. Gilon1; 
1Endocrinology and Metabolism, University of Louvain, Brussels, Belgium, 
2Chemistry and Biochemistry, University of Colorado, Boulder, United 
States.

Background and aims: Triggering and amplifying pathways are thought to 
underlie glucose (G) stimulation of insulin secretion by β-cells. In the trigger-
ing pathway, G metabolism leads to a KATP channel-dependent depolarization 
that promotes Ca2+ influx via L-type Ca2+ channels, with subsequent increase 
in the cytosolic Ca2+ concentration ([Ca2+]c) and triggering of exocytosis. The 
cellular mechanisms of the KATP channel-independent amplifying pathway 
are still elusive. One proposal is that G metabolism augments the efficacy of 
cytosolic Ca2+ on exocytosis without a further increase in [Ca2+]c. However, 
G has been reported to modulate the properties of Ca2+ channels. It is thus 
possible that [Ca2+] changes confined to the exocytotic domain beneath the 
plasma membrane escaped detection during measurements of global [Ca2+]c. 
Therefore, we investigated whether an increase in subplasmalemmal [Ca2+] 
([Ca2+]SM) might explain the apparent amplifying effect of G.
Materials and methods: We generated an adenovirus encoding the Ca2+ indi-
cator D3-cpv (not targeted) and expressed it in clusters of β-cells from NMRI 
mice. LynD3-cpv (targeted to plasma membrane) was selectively expressed in 
β-cells within intact islets by the combination of LoxStopLox-LynD3-cpv and 
RIP-Cre adenoviruses. [Ca2+]SM changes were monitored using total internal 
reflection fluorescence microscopy. In some experiments insulin secretion 
was measured in parallel.
Results: When β-cell clusters expressing D3-cpv were stimulated by increas-
ing [G] from 3 to 15mmol/l, [Ca2+]SM was found to change similarly to global 
[Ca2+]c measured by conventional techniques: an initial transient drop was 
followed by a large biphasic increase, with well synchronized oscillations dur-
ing the second phase. Simultaneously, insulin secretion was stimulated. This 
shows that β-cell function was not altered by expression of the fluorescent 
Ca2+-probe. The amplifying pathway was studied in the presence of diazox-
ide, to hold KATP channels open, and of 30mmol/l KCl to depolarize β-cells, 
induce Ca2+ influx and stimulate insulin secretion. Under these conditions, 
increasing [G] from 3 to 15mmol/l caused a transient decrease in [Ca2+]SM 
in most cells (22/24), followed by a return to pre-stimulatory values. Impor-
tantly, no cell showed an increase in [Ca2+]SM while insulin secretion aug-
mented about 2-fold. Pretreatment of the clusters with thapsigargin, a blocker 
of Ca2+ uptake by the endoplasmic reticulum, attenuated the initial decrease 
in [Ca2+]SM produced by high glucose, but did not unmask any [Ca2+]SM in-
crease (n=25 cells), while insulin secretion remained stimulated. In control 
experiments, small [Ca2+]SM fluctuations could be detected during repetitive 
variations of KCl between 30 and 32mmol/l (9/10 cells), which attests that 
our system has the required sensitivity to observe potential G effects. Finally, 
selective expression of LynD3-cpv in β-cells within intact islets did not reveal 
any [Ca2+]SM increase upon glucose stimulation in the presence of 30mmol/l 
KCl and diazoxide, whereas the small changes imposed by variations of [KCl] 
between 30 and 32 mmol/l could be detected.
Conclusion: Amplification of insulin secretion by glucose does not involve 
an increase in β-cell subplasmalemmal [Ca2+] and can thus be ascribed to an 
increase in the efficacy of the triggering Ca2+ signal.
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Hormonal inhibition of endocytosis: novel roles for norepinephrine, 
prostaglandin E1 and Gz
S.G. Straub1, Y. Zhao1, Q. Fang2, M. Lindau2, G.W.G. Sharp1; 
1Molecular Medicine, 2Applied Engineering and Physics, Cornell University, 
Ithaca, United States.

Background and aims: Increased [Ca2+]i stimulates both exocytosis and en-
docytosis. As norepinephrine and other physiological inhibitors of insulin 
release block exocytosis even in the face of increased [Ca2+]i, an increase in 
endocytosis under such circumstances would be undesirable. Therefore, we 
tested the hypothesis that inhibitors of exocytosis would inhibit endocytosis 
when [Ca2+]i is increased.
Materials and methods: Whole cell and cell attached patch clamp capaci-
tance measurements were applied using INS 832/13 cells to investigate the 
action of inhibitors of insulin exocytosis on endocytosis. Blocking peptides 
and pharmacological agents were employed in the study.

Results: When the cells were stimulated by depolarizing pulses of -70 mV to 
+10 mV under conditions of very high Ca2+ influx, e.g. 100 msec with 10 mM 
[Ca2+]o or 500 msec with 2.6 mM [Ca2+]o, exocytosis was strongly increased 
and was followed immediately by endocytosis. Importantly, with these high 
levels of Ca2+ influx the effects of norepinephrine and prostaglandin E1 (PGE1) 
to block the stimulated exocytosis were abolished. This allowed us to study the 
effects of the inhibitors on endocytosis. Norepinephrine and PGE1 inhibited 
endocytosis to the same extent as deltamethrin and cyclosporine, two well-
known inhibitors of calcineurin and endocytosis. Inhibition of endocytosis 
by norepinephrine was blocked by yohimbine indicating that the effect was 
due to the α2-adrenergic receptor but, surprisingly, it was not blocked by pre-
treating the cells for 48 hours with pertussis toxin indicating the involvement 
of a pertussis toxin-insensitive G protein. Synthetic peptides mimicking the 
C-termini of G protein α subunits block the interaction of the G proteins with 
their receptors and can be used to determine which G proteins are involved in 
a specific effect. Dialyzing a synthetic peptide mimicking the C-terminus of 
the α-subunit of Gz into the cells blocked the inhibition of endocytosis by NE 
whereas a peptide consisting of the same amino acids but in random order 
was without effect. Inhibition of endocytosis by PGE1 was also blocked by the 
Gz peptide. Cell attached capacitance measurements of single vesicles indi-
cated that inhibition by norepinephrine was due to a decrease in the number 
of endocytotic events without a change in vesicle size. Analysis of fission pore 
kinetics revealed two distinct fission modes with norepinephrine selectively 
inhibiting the rapid fission events. As expected, deltamethrin, which is a 
calcineurin inhibitor and acts to inhibit the earliest stage in the sequence of 
events leading to endocytosis, i.e. to prevent the activation of calcineurin by 
increased [Ca2+]i, decreased the number of endocytic events without affect-
ing the fission pore kinetics.
Conclusion: These findings determine a novel action of norepinephrine and 
PGE1 on endocytosis in insulin secreting cells and a novel action for Gz in the 
control of endocytosis. Similar mechanisms are likely operating in other cell 
types also, e.g. where inhibition of synaptic transmission occurs in the CNS.
Supported by: the NIH (ML, GWGS) and a CDA from the JDF (SGS)
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A novel “distal” inhibitory effect of norepinephrine on the beta cell - 
retardation of the refilling of the readily releasable granule pool
G.W.G. Sharp1, Y. Zhao1, Q. Fang2, S.G. Straub1, M. Lindau2; 
1Molecular Medicine, 2School of Applied Engineering Physics, Cornell 
University, Ithaca, United States.

Background and aims: The aim of this study was to understand the mecha-
nisms responsible for the “distal” effect by which physiological inhibitors of 
insulin secretion block exocytosis downstream of increased[Ca2+]i
Materials and methods: Whole cell and cell-attached patch clamp capaci-
tance measurements were applied using INS 832/13 cells to investigate the 
mechanisms governing the distal effects of norepinephrine, and to identify 
the heterotrimeric G proteins involved. Antibodies against the α and β subu-
nits of the heterotrimeric G proteins, blocking peptides and pharmacological 
agents were used in the study.
Results: The exocytosis elicited by a depolarizing pulse of 100ms from -70mV 
to +10mV with 2.6mM [Ca2+]o was inhibited by norepinephrine. This inhibi-
tion was blocked by the addition of antibodies against G protein β subunits 
while antibodies against Gαcommon alone were without effect. In accord 
with these data, the action of norpinephrine was mimicked by the βγ-activat-
ing peptide mSIRK. Moreover, inhibition of exocytosis by norepinephrine 
was significantly attenuated by botulinum toxin A (BoNT/A), which cleaves 
off the C-terminal 9 amino acids of SNAP-25, and also by a synthesized 14 
amino acid peptide containing the BoNT/A cleavage site on SNAP-25. Thus 
the interaction between βγ and the C-terminus of SNAP-25 is responsible for 
the action of norepinephrine to inhibit exocytosis. However, with a train of 
15 stimulating pulses each of 100 ms duration, the antibody against Gβ only 
blocked the inhibitory effect of norepinephrine on the exocytosis triggered by 
the 1st pulse and an “apparent” inhibitory effect of norepinephrine persisted 
for the remaining duration of the pulse chain. This persistent effect was abol-
ished by the simultaneous addition of antibodies against Gβ and Gαcommon. 
These data combined suggested that the antibody against Gβ was blocking 
all of the inhibitory effect of norepinephrine on exocytosis but that an effect 
of norepinephrine via Gα to retard the filling of the RRP reduced the avail-
ability of granules for release - hence the apparent inhibition of exocytosis by 
norepinephrine in the presence of antibody against Gβ. A double pulse study 
to directly determine the time-course of refilling of the RRP was carried out 
under conditions of high Ca2+ influx (500ms stimulations from -70mV to 
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+10mV with 2.6mM [Ca2+]o. This high level of Ca2+ influx blocks the effect 
of norepinephrine on exocytosis and empties the RRP. The rate of refilling 
was determined by applying 2nd pulses at intervals of from 1 to 40 seconds. 
Norepinephrine markedly retarded the refilling rate. To determine which G 
protein(s) were responsible, peptides mimicking the C-terminal amino acids 
of G protein α subunits, that block G protein interaction with their receptors, 
were added intracellularly. The Gαi-1/2 peptide blocked the effect of nore-
pinephrine on refilling. A peptide with the amino acids in random order, and 
peptides for, Gαi-3, Gαo-1, Gαo-2, and Gαz were without effect.
Conclusion: The distal inhibition of insulin secretion by norepinephrine 
is due to two effects, 1. Inhibition of exocytosis by a Gβγ interaction with 
SNAP-25 on the SNARE complex and 2. Retardation of the refilling of the 
readily releasable pool by Giα-1/2.
Supported by: the NIH (ML, GWGS and SGS) and a CDA from the JDF (SGS)
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Complement factor H is expressed in adipose tissue in association with 
insulin resistance 
J. Moreno-Navarrete1, R. Martínez-Barricarte2, V. Catalán3, M. Sabater1, J. 
Gómez-Ambrosi3, F. Ortega1, M.R. Chacón4, W. Ricart1, J. Vendrell4,  
G. Frühbeck3, S. Rodríguez de Cordoba2, J. Fernández-Real1; 
1Hospital of Girona, 2Centro de Investigaciones Biológicas, Madrid, 3Clínica 
Universitaria de Navarra, Pamplona, 4University Hospital of Tarragona, 
Spain.

Background and aims: Activation of the alternative pathway of the comple-
ment system, in which factor H (fH; CFH) is a key regulatory component, has 
been suggested as a link between obesity and metabolic disorders. We aimed 
to study the associations between circulating and adipose tissue gene expres-
sions of CFH and complement factor B (fB; CFB) with obesity and insulin 
resistance.
Materials and methods: Circulating fH and fB were determined by ELISA in 
398 subjects (140 with normal glucose tolerance and 258 with altered glucose 
tolerance). Insulin sensitivity was measured using the frequently sampled 
intravenous glucose tolerance test (FSIVGTT). CFH and CFB gene expres-
sions were evaluated in 76 adipose tissue samples, in isolated adipocytes and 
stromo-vascular cells (SVC) (n=13) by real time PCR using TaqMan® tech-
nology. The effects of weight loss were investigated in an independent cohort 
of 42 subjects.
Results: Circulating fH and fB were significantly increased in subjects with 
AGT (195.4 ± 63.5 vs. 175.2 ± 53.4 μg/ml, p=0.01 and 285.9 ± 90.5 vs. 231.95 
± 58.8 μg/ml, p<0.0001, respectively). Both circulating fH and fB were posi-
tively associated with BMI, waist-to-hip ratio, systolic and diastolic blood 
pressure, fasting glucose, glycated hemoglobin, log fasting triglycerides, LBP 
and sTNFR2; and negatively with insulin sensitivity and HDL-cholesterol. 
Age (p=0.03) and insulin sensitivity (p=0.01) contributed independently to 
circulating fB variance after controlling for the effects of waist-to-hip ratio, 
log fasting triglycerides and LBP in multiple lineal regression models. Only 
insulin sensitivity (p=0.02) contributed independently to circulating fH vari-
ance in the same model.
For the first time, CFH gene expression was detected in the adipose tissue 
(significantly increased in subcutaneous compared with visceral fat). CFH 
gene expression in visceral fat was significantly associated with insulin resist-
ance. In contrast, CFB gene expression was significantly increased in omental 
fat but also in association with fasting glucose and triglycerides. The SVC 
fraction was the responsible of these differences, although isolated adipocytes 
also expressed fB and fH at low levels. Weight loss led to significantly de-
creased circulating fB (p=0.025) and fH (p=0.009) levels.
Conclusion: Increased circulating fH and fB concentrations in subjects with 
altered glucose tolerance could reflect increased SVC-induced activation of 
the alternative pathway of complement in omental adipose tissue linked to 
insulin resistance and metabolic disturbances.
Supported by: the Ministerio de Educación y Ciencia and CIBEROBN 

164
TIMP-3 expression is regulated by SirT1
M. Cardellini, R. Menghini, V. Casagrande, A. Marino, M. Fabrizi, R. Lauro, 
M. Federici; 
Department of Internal Medicine, University of Rome, Italy.

Background and aims: We recently identified Tissue Inhibitor of Metallo-
proteinase 3 (TIMP3), the endogenous inhibitor of A Disintegrin and Met-
alloprotease Domain 17 (ADAM17) and other Metalloproteinases (MMPs), 
as a gene modifier for insulin resistance and vascular inflammation in mice. 
We also described that in human carotid atherosclerotic plaques TIMP3 was 
significantly reduced in subjects with Type 2 diabetes leading to ADAM17 
and MMP9 overactivity.
The aim of this study was to identify metabolic factors reducing TIMP3 ex-
pression and activity in Coronary Artery Smooth Muscle Cells (CASMC). 
Materials and methods: CASMC (Lonza) were cultured and treated for 24 
hours respectively with glucose (20 mM, HG), mannitol (20 mM, Man), in-
sulin (10-7M, INS), 100μg/ml native LDL, 100μg/ml oxidized LDL (oxLDL), 
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100μg/ml Glycated-LDL (glyLDL). Since previous data suggested that LXR 
regulates TIMP3 expression, we used LXR agonists such as T0901317, 22-s 
and 22-r hydroxycholesterol and GW3965. Since LXR is regulated by SirT1 
deacetylase, we also used SirT1 inhibitor Sirtinol. CASMC were therefore 
treated with 10μM 22-R-hydroxycholesterol (RH, Sigma-Aldrich), 10μM 
22-Shydroxycholesterol (SH, Sigma-Aldrich), 5μM T0901317 (T09, Sigma-
Aldrich), 3μM GW3965 (GW, Sigma-Aldrich), and 50μM Sirtinol (Cal-
biochem). Proteins and total RNA were extracted and TIMP3 levels and 
ADAM17 activity were assayed respectively by RT-PCR and fluorimetric as-
say. Knockdown of SirT1 in CASMC was performed trasfecting 1 μg of SIRT1 
siRNA (sc-40986, Santa Cruz Biotechnology) and 0.8 μg of control siRNA-A 
(sc-40986, Santa Cruz Biotechnology) by Dharmafect1 (Dharmacon). For 
Timp3 promoter regulation assay we transfected cells with 2 μg of Human 
SirT1 cDNA clone (RG218134, Origene), 10 ng of renilla and Timp3 Gene 
Promoter Reporter Vector (LR1034,Panomics) or 2 μg of TransLucent Con-
trol Vector using Nucleofector II (program A-033,AMAXA). The Luciferase 
assay was performed with Dual-Luciferase Reporter Assay System (Promega) 
according to manufacturer’s instructions.
Results: We found that among the various treatments only high glucose and 
Sirtinol significantly reduced TIMP3 expression in CASMC (p<0.01). Treat-
ment of CASMC with Sirtinol determined an increased metalloprotease ac-
tivity as measured by ADAM17 activity (p<0.01). To confirm a direct role of 
SirT1 in regulation of TIMP3 expression, we used a small interference RNA 
(siRNA) approach. Knockdown of SirT1 in CASMC resulted in marked re-
duction of TIMP3 expression but not Timp1/2/4 and ADAM10/17/MMP9. 
To substantiate SirT1 effects on TIMP3, CASMC were cotransfected with 
human SirT1 cDNA and Timp3 promoter luciferase reporter vector, con-
firming that SirT1 positively modulates TIMP3 expression. Human Endothe-
lial Vein Umbilical Cells and Monocyte-like THP-1 cells were treated with 
Sirtinol resulting in a significant decrease in TIMP3 expression in both cell 
types (p<0.01). Finally, we analyzed TIMP3 and SirT1 expression in human 
atherosclerotic plaques (n=60) from diabetic and non diabetic subjects with 
symptomatic cerebrovascular disease. We observed that TIMP3 expression is 
positively correlated to SirT1 expression in human disease (R=0.4, p<0,03).
Conclusion: Our data suggest that TIMP3 expression is regulated by SirT1 
deacetylase activity in human vascular cells and in human atherosclerotic 
plaques. A defective control of SirT1 on TIMP3 expression may lead to in-
creased metalloprotease activation and favour the progression of atheroscle-
rosis.
Supported by: Telethon GGP08065 and JDRF (to M.F.)
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Experimental weight gain in humans induces insulin resistance in 
absence of systemic or adipose tissue inflammation
A. Viardot1, D. Samocha-Bonet1, J.R. Greenfield1,2, L.V. Campbell1,2,  
L.K. Heilbronn1; 
1Diabetes & Obesity Research Program, Garvan Institute of Medical 
Research, 2Department of Endocrinology, St Vincent’s Hospital, Sydney-
Darlinghurst, NSW, Australia.

Background and aims: Low grade inflammation is often reported in obes-
ity and is postulated to be causal in the development of insulin resistance 
and progression to type 2 diabetes. However, supportive evidence in humans 
is less conclusive, and there is increasing data suggesting that insulin resist-
ance may precede accumulation of macrophages in adipose tissue and the 
local and systemic inflammation process. Our objective was to assess whether 
high-fat overfeeding in humans induces insulin resistance, and whether this 
is associated with an increase in markers of inflammation.
Materials and methods: We performed a prospective experimental 28 day 
high-fat overfeeding study in 28 healthy individuals. This was achieved by 
increasing food intake by +1000kcal/day from baseline, and increasing their 
fat intake from 34.3% to 45.8%. Changes in body weight, body composition 
(dual X-ray absorptiometry), insulin sensitivity (hyperinsulinaemic-eugly-
caemic clamp), serum inflammation markers, immune cell activation and 
macrophage numbers in abdominal subcutaneous adipose tissue (flow cy-
tometry of stroma-vascular fraction) were recorded.
Results: Subjects with a starting BMI of 25.4±0.7 kg/m2 gained in average 
2.8±0.2 kg (p<0.001) in bodyweight and increased fat mass by 1.8±0.2kg 
(p<0.0001). Insulin sensitivity (glucose infusion rate/fat free mass) decreased 
by 9.5% from 51.6±3.2 to 46.6±2.9 µmol/kg/min (p=0.01). There was a sig-
nificant increase in circulating C-reactive protein (1.1±0.2 to 1.5±0.3 ng/ml, 
p<0.01) and monocyte chemoattractant protein-1 (MCP-1)(166±14 to 208±22 
pg/ml, p<0.01), but no change in IL-6 (1.4±0.1 to 1.3±0.1 pg/ml, p=0.44) and 

soluble intercellular adhesion molecule-1 (207±10 to 203±9 ng/ml, p=0.49). 
We observed no change in macrophage numbers in adipose tissue, circulat-
ing immune cell numbers or expression of their surface activation markers. 
Importantly, there was no association between changes in insulin sensitivity 
and changes in inflammation markers.
Conclusion: Weight gain induced insulin resistance was observed in the 
absence of development of a significant inflammatory state, suggesting that 
inflammation is unlikely to be a substantial contributing factor to insulin 
resistance at this early stage of fat accumulation. The early increase in cir-
culating MCP-1 may play a role in future recruitment of macrophages into 
adipose tissue.
Supported by: National Healthy & Medical Research Council, Diabetes Aus-
tralia Research Trust
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The role of IL-1R1 mediated macrophage accumulation in adipose tissue 
- insights into the development of obesity-induced insulin resistance
K.A. Harford1, M. Claessens1, E. Oliver1, C. Reynolds1, O. Finucane1,  
K.H.G. Mills2, H.M. Roche1; 
1Nutrigenomics Research Group, UCD, 2School of Biochemistry and 
Immunology, Trinity College, Dublin, Ireland.

Background and aims: Macrophages are a heterogeneous population of cells 
that play a role in the innate immune response to infection. Recent studies 
have shown that macrophages are key cells in the development of obesity, 
wherein there is progressive infiltration of macrophages into the adipose tis-
sue. These adipose tissue macrophages are referred to as classically-activated, 
or M1, macrophages. They release pro-inflammatory cytokines such as IL-1, 
IL-6 and TNFα, creating an inflammatory response that can contribute to 
insulin resistance and type 2 diabetes mellitus (T2DM). In lean individuals 
macrophages are in an M2-polarization or alternatively-activated state and 
are thought to protect against inflammation. The IL-1 receptor type 1 (IL-
1R1) is responsible for transmitting the pro-inflammatory effects of IL-1. The 
aim of the present study was to determine the number of adipose tissue mac-
rophages and their activation state using flow cytometry in wildtype (WT) 
mice and in IL-1R1-/- mice at certain time points over a period of 16 weeks.
Materials and methods: C57BL/6 WT and IL-1R1-/- mice with a C57BL/6 
background were fed a high-fat diet (45 % energy from fat) for 16 weeks. At 
weeks 0, 6 and 16 epididymal adipose tissue (EAT) and visceral adipose tissue 
(VAT) samples were taken from the C57BL/6 wildtype (WT) and IL-1R1-/- 

mice. Adipocytes and stromal vascular cells (SVC) were isolated from the 
adipose tissue by collagenase treatment. SVC were labelled with antibodies 
for macrophage markers F4/80, CD11B and CD11C and analysed by flow 
cytometry to determine the number of macrophages and activation status 
of the macrophages present. Triple-positive cells (F4/80+CD11B+CD11C+) 
are associated with the M1-polarization state, while double-positive cells 
(F4/80+CD11B+CD11C-) indicate M2 macrophages.
Results: At week 0 there is a significantly larger population of F4/
80+CD11B+CD11C- (M2) cells in the EAT and VAT of the IL-1R1-/- group 
compared to the WT group (p<0.05) but no difference between groups in the 
number of F4/80+CD11B+CD11C+ (M1) cells. However after 6 weeks on a high-
fat diet there is a larger population of the more active F4/80+CD11B+CD11C+ 
(M1) cells in the EAT of the WT group compared with the IL-1R1-/- group 
(p<0.05) while there is a reduced number of F4/80+CD11B+CD11C- (M2) 
cells in the IL-1R1-/- group compared to week 0 . After 16 weeks on a high-fat 
diet there is no significant difference in the number of F4/80+CD11B+CD11C+ 

(M1) cells between the two groups of mice. Interestingly by week 16 there is a 
higher population of F4/80+CD11B+CD11C- (M2) cells in the EAT and VAT 
of the WT group compared to the IL-1R1-/- group (p<0.05).
Conclusion: These results imply that impairing IL-1 signalling decreases the 
macrophages ability to switch from an M2-polarization state to the pro-in-
flammatory M1-polarization state. This outcome delays the infiltration of M1 
macrophages into the adipose tissue, thereby lowering the pro-inflammatory 
response and attenuating the progression of insulin resistance. Further stud-
ies are continuing in order to determine the molecular mechanisms by which 
this process occurs.
Supported by: SFI Principal Investigator Programme
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Exercise and weight loss both improve factors in the metabolic syndrome 
but only weight loss improves adiponectin and inflammatory markers
B. Richelsen, T. Christiansen, S.K. Paulsen, J.M. Bruun, S.B. Pedersen; 
Medical Department C, Aarhus University Hospital, Denmark.

Background: Both exercise and weight loss are associated with improvements 
in the metabolic syndrome but the mechanisms involved may be different for 
the two interventions. It is suggested that changes in the fat mass may affect 
other tissues through release of so-called adipokines, and in analogy to that 
muscle activity may induce more systemic effects through release of myok-
ines. Here we investigated the individual and the combined effect of exercise 
and diet-induced weight loss on visceral fat (VAT) accumulation, adiponec-
tin (total and HMW), inflammatory markers, and insulin sensitivity.
Material and methods: 80 obese women and men were divided in three 
group and treated for 12 weeks with 1) exercise only (EXO), 2) Diet-induced 
weight loss (DIO) - 8 weeks treatment with VLED followed by 4 weeks weight 
loss maintenance diet, and 3) the combined group with both exercise and 
diet-induced weight loss (DEX). VAT and fat mass were determined by MRI. 
Fat and muscle biopsies were taken (PCR determinations). Circulating levels 
of insulin, glucose (HOMA), lipids, adiponectin and inflammatory markers 
(Luminex) were determined before and at the end of the intervention.
Results: Weight loss was after the 12 weeks 3.5 kg (EXO) and 12 kg in both 
DIO and DEX. Vo2 max was increased with 18-22% (P<0.01) in the two ex-
ercise groups with no change in DIO. The reduction in VAT was related to 
the total weight loss and not to the intervention (exercise vs. diet). HOMA 
decreased in all three groups(p<0.05 in the DIO and DEX groups), however, 
only to a non-significant level in the EXO group (P=0.09). Circulating total 
adiponectin and HMW-adiponectin were significantly increased and MIP1α, 
MCP1, IL-6, IL-15, and IL-18 were significantly reduced (P < 0.05) in the 
diet-induced weight loss groups (DIO and DEX) without any changes in the 
EXO group. No changes in muscle mRNA (TNFα, IL-6, IL-15) were observed 
in any of the groups (neither in the EXO group). Adiponectin mRNA was 
upregulated in AT in all three groups. There was no gender differences in the 
response to exercise and diet-induced weight loss.
Conclusion: Both regular exercise and diet-induced weight loss were able 
to improve some aspects of the metabolic syndrome such as improving in-
sulin sensitivity. In this group of obese subjects we found that larger weight 
losses improve levels of adiponectin and low grade inflammation whereas 
exercise had no independent effects on these risk factors. We suggest that the 
metabolic effects of exercise is mediated primarily in the muscle tissue and 
the metabolic changes seen in other tissues are mediated by the well-known 
changes in insulin, adrenalin, GH, FFA etc. associated with muscle work and 
not by specific myokines. In contrast larger reduction in the fat mass may 
have systemic effects through changes in the release of adipokines from AT in 
combination with changes in insulin and FFA.
Supported by: the Danish Research Council
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The effect of weight loss on intra-abdominal fatty acid metabolism in 
metabolic syndrome
A.C. Karmi1, A. Viljanen1, R. Borra1, B. Fielding2, T. Viljanen1, K. Frayn2,  
P. Iozzo1, P. Nuutila1; 
1Turku PET Centre, Finland, 2Oxford Centre for Diabetes, Endocrinology, 
and Metabolism University of Oxford, Churchill Hospital, United Kingdom.

Background and aims: Abdominal visceral adipose tissue (VAT) is consid-
ered to be more metabolically active than abdominal subcutaneous adipose 
tissue (SAT) and is thought to be more detrimental than SAT. The aim of the 
study was to compare fatty acid uptake (FU) in VAT and SAT and the effect of 
weight loss on regional FA metabolism in patients with metabolic syndrome.
Materials and methods: Regional FU was studied in 18 obese non-diabetic 
subjects (age 43±6 year, BMI 34.0± 3.9 kg/m2) were studied in fast using PET 
and a trapping palmitate analogue with [18F]-fluoro-6-thia-heptadecanoic 
acid (FTHA). Indirect calorimetry and stable FA isotope [U-13C]-palmi-
tate were used to determine FA oxidation. Subjects were studied before and 
6 weeks after very-low-calorie-diet (VLCD) for 6 weeks and one recovery 
week. MRI and MRS were used for anatomical reference and fat content 
measurements.
Results: The subjects lost 11.2±2.5 kg and body fat 18.5±5.2% (p<0.007). The 
mass of VAT decreased by -22.7±16.4% and of SAT by 19.5±10.1% (p< 0.001 
for both). FU in VAT was 4-fold higher per volume than in abdominal SAT 

both before and after VLCD (p<0.001). FU into VAT depots (14.2× vs. 12.5×) 
and SAT depots (7.0× vs.6.5×umol/min) remained unchanged. In contrast FU 
decreased in femoral SAT (p<0.006), liver and muscle (p<0.01). A decrease in 
liver adiposity (p<0.001) and muscle fat content was found. EE decreased by 
11.5±4.7% (p<0.0001). In whole-body level total fat oxidation was increased 
(from 4.07±1.29 to 5.82±1.11 umol/(FFMkg×min), (p=0.002) while total 
CHO oxidation was decreased 14.4±3.4 to 5.3±3.6 umol /(FFMkg×min), 
(p<0.0001). The non-plasma oxidation (plasma TGs and intraorgan TGs in 
muscle and adipose tissue) increased from -1.03±1.78 to 1.73±1.69 umol/
(FFM×min) (p=0.0002) and the whole-body re-esterification decreased from 
15.05±5.18 to 11.56±3.72 umol/(FFM×min) (p=0.04). Neither plasma FFA, 
palmitate, glycerol nor 3-OHB were changed after VLCD, but cholesterol, 
LDL-cholesterol and TGs decreased (p<0.002).
Conclusion: We conclude that fatty acids are taken up several folds more in 
VAT than in SAT in obese subjects. Rapid weight loss does not change the FA 
retention into VAT, although it reduces FA uptake into liver and muscles and 
shifts and enhances fat oxidation from non-plasma storages enhanced. The 
missing adaptation of VAT fatty acid metabolism during dieting might partly 
explain the problems to maintain the lower body weight.
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Dapagliflozin as an add-on to metformin lowers hyperglycaemia in type 
2 diabetes patients inadequately controlled with metformin alone 
C.J. Bailey1, J.L. Gross2, L. Bastone3, A. Bastien4, J.F. List4; 
1Diabetes Research, Aston University, Birmingham, United Kingdom, 
2Endocrine Division, Universidade Federal do Rio Grande do Sul, Porto 
Alegre, Brazil, 3Global Biometric Sciences, Bristol-Myers Squibb, Hopewell, 
United States, 4Global Clinical Research, Bristol-Myers Squibb, Princeton, 
United States.

Background and aims: Dapagliflozin (DAPA), a novel oral antidiabetic agent 
with an insulin-independent mechanism, is currently being developed for 
treating type 2 diabetes mellitus (T2DM). DAPA decreases hyperglycaemia 
by selectively inhibiting glucose reabsorption by renal sodium-glucose co-
transporter 2. This trial (Study 014ST) was conducted to evaluate the efficacy 
and safety of DAPA as an add-on to metformin (Met) over 24 weeks in T2DM 
patients inadequately controlled with Met alone.
Materials and methods: This randomized, double-blind, placebo-control-
led, multicenter trial in North and South America enrolled patients with 
T2DM, ages 18-77 years old. Eligible patients had inadequate glycaemic con-
trol (HbA1c 7.0-10.0%) on stable dosing with Met ≥1500 mg/d. After a 2-wk 
lead-in phase, 546 patients were equally randomized to once daily DAPA 2.5 
mg, 5 mg, 10 mg, or placebo (PBO), plus open-label Met. The primary end-
point was change in HbA1c at wk 24. Other endpoints included changes in 
fasting plasma glucose (FPG) and % change in total body weight at wk 24.
Results: Compared to add-on PBO at wk 24, all add-on DAPA groups showed 
significant mean reductions from baseline in HbA1c (Table). Endpoint reduc-
tions in FPG were also significant for all DAPA groups vs PBO. Greater pro-
portions of patients in all DAPA groups achieved HbA1c <7.0% at wk 24 than 
patients on PBO. Weight loss with DAPA was continuous and progressive. 
More patients treated with DAPA achieved weight decreases ≥5% compared 
to PBO. Generally, adverse events were balanced across all groups. Compared 
with PBO, rates of urinary tract infections were similar or lower for DAPA 

(PBO, 8.0%; DAPA 2.5 mg, 4.4%; DAPA 5 mg, 7.3%; DAPA 10 mg, 8.1%), 
while rates of genital infections were higher (PBO, 5.1%; DAPA 2.5 mg, 8.0%; 
DAPA 5 mg, 13.1%; DAPA 10 mg, 8.9%). Laboratory monitoring revealed no 
clinically meaningful changes in markers for renal impairment or increases in 
mean serum creatinine. Changes in supine BP at wk 24 ranged from -3.1 to 
-5.9 systolic/-2.1 to -2.7 diastolic mmHg with DAPA, compared to -0.3 systo-
lic/-0.4 diastolic mmHg with PBO. A similar proportion of patients across all 4 
treatment groups, including PBO, had BP measurements suggestive of ortho-
static hypotension but without reported symptoms. Reports of hypoglycaemia 
were similar (PBO, 2.9%; DAPA 2.5 mg, 2.2%; DAPA 5 mg, 3.6%; DAPA 10 
mg, 3.7%), and none led to discontinuation of study medication.
Conclusion: In T2DM patients who were inadequately controlled with Met 
alone, the addition of once daily DAPA appeared safe and was associated with 
significantly improved glycaemic control and clinically meaningful weight 
loss over 24 weeks compared to PBO.
Supported by: Bristol-Myers Squibb and AstraZeneca
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Dapagliflozin improves glycaemic control in insulin-resistant patients 
with type 2 diabetes
J.P.H. Wilding1, P. Norwood2, C. T’joen3, A. Bastien4, J.F. List4,  
F.T. Fiedorek4; 
1Diabetes and Endocrinology Clinical Research Unit, University Hospital 
Aintree, Liverpool, United Kingdom, 2Valley Research, Fresno, United States, 
3Global Biometric Sciences, Bristol-Myers Squibb, Braine-l’Alleud, Belgium, 
4Global Clinical Research, Bristol-Myers Squibb, Princeton, United States.

Background and aims: For many T2DM patients who require insulin plus 
oral antidiabetics (OADs), the effectiveness of treatment is often limited by 
weight gain and insulin-resistance. Dapagliflozin (DAPA) is an insulin-in-
dependent oral agent that blocks renal glucose reabsorption by selectively 
inhibiting sodium-glucose co-transporter 2. This 12-week pilot study (Study 
009) was designed to determine the efficacy and safety of DAPA in T2DM 
patients who were poorly controlled with insulin (at least 50 units/day) plus 
OADs (metformin and/or thiazolidinediones).
Materials and methods: The trial involved 26 study centers in the United 
States and Canada. In order to initially monitor glycaemic parameters with 
reduced insulin dosing, a small preliminary cohort (n = 4) received 20 mg 
single-blind DAPA, baseline OADs and 50% of baseline insulin dose. After-
ward, the larger primary cohort (n = 71) was randomized to double-blind 
placebo (PBO), 10 mg DAPA or 20 mg DAPA once daily, plus baseline OADs 
and 50% of baseline insulin.
Results: At week 12, DAPA lowered HbA1c, postprandial glucose (PPG), 
and weight more than PBO (Table). In both DAPA groups, 65.2% of patients 
showed decreases in HbA1c ≥0.5% versus 15.8% of patients in the PBO group. 
Dapagliflozin produced dose-dependent responses in both fasting plasma glu-
cose (FPG) and PPG. There were mean decreases in standing systolic/diastolic 
blood pressure in both DAPA groups (-7.2/-1.2 mmHg change from baseline 
of 130.7/78.9 mmHg [10 mg DAPA], -6.1/-3.9 mmHg change from baseline of 
126.9/76.5 mmHg [20 mg DAPA]), compared to an increase in the PBO group 
(+2.8/+0.3 mmHg change from baseline of 128.9/76.9 mmHg). Adverse events 
(AEs) were balanced across all groups. Most frequently reported AEs (>5% in 
any group) included pollakiuria (urinary frequency), back pain, nasopharyn-
gitis, nausea, headache, and upper respiratory tract infection. Three patients 
in the PBO group, 7 patients in the 10 mg DAPA group, and 6 patients in the 
20 mg DAPA group reported episodes of hypoglycaemia. Of these, 1 patient in 
the PBO group reported major hypoglycaemia.
Conclusion: In insulin-resistant patients who had insulin reduced by 50%, 
DAPA was well tolerated, and improved glycaemic control and lowered 
weight more than PBO.

Mean Change from Baseline (95%CI) at Week 12 (LOCF)
PBO
[n=23]

10 mg DAPA
[n=24]

20 mg DAPA 
[n=24]

HbA1c, % 0.09 (-0.2, 0.4) -0.61 (-0.9, -0.4) -0.69 (-0.9, -0.4)
FPG, mg/dL 17.8 (1.4, 34.2) 2.4 (-13.6, 18.3) -9.6 (-25.6, 6.3)
PPG at 120 min, 
mg/dL

18.7 (-13.5, 50.9) -34.3 (-67.5, -1.1) -41.9 (-74.8, -8.9)

Weight, kg -1.9 (-2.9, -0.9) -4.5 (-5.5, -3.5) -4.3 (-5.3, -3.3)
LOCF, last observation carried forward

Supported by: Bristol-Myers Squibb and AstraZeneca

Efficacy Assessments
PBO + Met 
[n=137]

DAPA 2.5 mg 
+ Met [n=137]

DAPA 5 mg + 
Met [n=137]

DAPA 10 mg 
+ Met [n=135]

HbA1c, baseline (%), 
mean (SD)

8.11 (0.96) 7.99 (0.90) 8.17 (0.96) 7.92 (0.82)

Wk 24 (LOCF) 
change from baseline 
in HbA1c (%), ad-
justed mean (SE)

-0.30 ( 0.072) -0.67 ( 0.072)b -0.70 ( 0.072)b -0.84 ( 0.072)b

Wk 24 (LOCF) ad-
justed proportion of 
patients with HbA1c 
<7.0%, % (95% CI)

25.9% (19.1, 
32.6)

33.0%a

(25.4, 40.6)
37.5%b

(30.0, 45.1)
40.6%b

(32.9, 48.3)

FPG, baseline (mg/
dL), mean (SD)

165.6 ( 46.4) 161.5 (43.1) 169.2 (49.0) 156.0 (38.7)

Wk 24 (LOCF) 
change from baseline 
in FPG (mg/dL), 
adjusted mean (SE)

-6.0 (2.7) -17.8 (2.7)b -21.5 (2.7)b -23.5 (2.7)b

Weight, baseline 
(kg), mean (SD)

87.7 (19.2) 84.9 (17.8) 84.7 ( 16.3) 86.3 (17.5)

Wk 24 (LOCF) 
percent change from 
baseline in weight, 
adjusted mean (SE)

-1.02 (0.29) -2.66 (0.28) -3.66 (0.28) -3.43 (0.28)

Wk 24 (LOCF) 
adjusted proportion 
of patients with ≥ 
5% decrease from 
baseline in weight, 
% (95% CI)

5.9% (1.9, 
9.8)

24.0% (16.8, 
31.2)

25.4% (18.1, 
32.7)

28.0% (20.4, 
35.5)

LOCF, last observation carried forward.aNot statistically significant com-
pared to PBO; bStatistically significant compared to PBO
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Colesevelam HCl improves glucose metabolism and increases plasma 
glucagon-like peptide 1 and glucose-dependent insulinotropic 
polypeptide concentrations in subjects with type 2 diabetes
C. Beysen1, K.C. Deines1, E.L. Tsang1, E.J. Murphy2, M. Chan1,  
J.M. Edmonds1, R.A. Neese3, M.K. Hellerstein3; 
1KineMed, Inc, Emeryville, 2University of California at San Francisco, San 
Francisco, 3Department of Nutritional Sciences, University of California at 
Berkeley, United States.

Background and aims: Colesevelam HCl is a bile-acid sequestrant indicated 
to improve glycemic control in subjects with type 2 diabetes (T2DM). The 
aim of this multi-center, randomized, double-blind study was to investigate 
potential glucose-lowering mechanism(s) of colesevelam.
Materials and methods: Subjects with T2DM (HbA1C, 6.7-10.0%) were ran-
domized to either 3.75g/d colesevelam HCl (n=27) or placebo (n=28) for 
12 weeks. Fasting endogenous glucose production (EGP), gluconeogenesis, 
glycogenolysis and plasma glucose clearance were measured in each subject 
at baseline and post-treatment using stable isotope infusion studies of [U-
13C6]glucose and [2-13C1]glycerol. Plasma glucose, insulin, total glucagon-like 
peptide 1 (GLP-1), total glucose-dependent insulinotropic polypeptide (GIP) 
and glucagon concentrations were also measured during fasting state and fol-
lowing a meal tolerance test.
Results: Significant treatment differences in least square (LS) mean (±SE) 
HbA1C (-0.62 ± 0.23 %, P<0.01) and fasting plasma glucose (-23 ± 11 mg/
dl, P<0.05) were observed at 12 weeks with colesevelam vs. placebo. Cole-
sevelam increased fasting total GLP-1 (+10 ± 4 pmol/l, P=0.01), postprandial 
total GLP-1 AUC (+2,267 ± 750 pmol/l/300 min, P<0.01) and postprandial 
GIP AUC (+3.859 ± 857 pmol/l/300 min, P<0.0001) compared to placebo. 
Plasma glucose clearance increased significantly with colesevelam but was 
unchanged with placebo (+0.26 ± 0.42 and -0.06 ± 0.39 ml/kg FFM/min, re-
spectively, P<0.01 between groups). EGP and glycogenolysis were unchanged 
with colesevelam and increased significantly with placebo (P<0.05), although 
the changes from baseline were not different between groups. Fasting and 
postprandial insulin and glucagon, fasting GIP and absolute gluconeogenesis 
were not different between the colesevelam and the placebo groups.
Conclusion: Colesevelam reduced HbA1C, fasting plasma glucose and in-
creased glucose clearance in the fasting state, compared to placebo, without 
the increase in EGP that occurred in placebo. The improvement in glucose 
homeostasis in the colesevelam group corresponded with an increase in fast-
ing GLP-1 and postprandial GLP-1 and GIP concentrations.
Supported by: Daiichi Sankyo, Inc.

172
Efficacy and safety of the 11-beta-HSD1 inhibitor, INCB13739, added to 
metformin therapy in patients with type 2 diabetes
R. Huber1, S. Banarer2, V. Fonseca3, S. Inzucchi4, G.F. Hollis1, R. Flores1, 
R. Levy1, B. Williams1, J. Rosenstock2; 
1Incyte Corporation, Wilmington, 2Dallas Diabetes and Endocrine Center, 
Dallas, 3Tulane University Health Sciences Center, New Orleans, 4Yale 
University School of Medicine, New Haven, United States.

Background and aims: INCB13739 (13739) is a selective inhibitor of 11-
beta-hydroxysteroid dehydrogenase type 1 (11-β-HSD1) being developed for 
the treatment of type 2 diabetes (T2DM).
Materials and methods: This randomized, double-blind, placebo (PBO)-
controlled trial assessed the efficacy and safety of 13739 in combination 
with metformin (MET) in patients with T2DM inadequately controlled by 
MET monotherapy. The primary endpoint was the change from baseline in 
HbA1c at week 12. After a 2 week PBO run-in period, patients (n=159; mean 
BMI=32.7. kg/m2; mean HbA1c=8.3%; mean duration of T2DM=6.8 yr) were 
assigned to receive 13739 at doses of 5 mg (n=27), 15 mg (26), 50 mg (24), 
100 mg (27), 200 mg (27) or PBO (28) once-daily in addition to a stable MET 
regimen for 12 weeks.
Results: Mean changes from baseline in HbA1c were significantly (p<0.01) 
greater for 13739 100 mg (-0.6%) and 200 mg (-0.5%) vs. PBO (0.0%) at week 
12. Although plasma lipids were well controlled at baseline, both the 100 mg 
and 200 mg doses trended downward with a significant (p=0.03) treatment 
effect observed for the 100 mg dose in LDL-cholesterol (LDL-C) (-16 and 
+3 mg/dL for 100 mg vs. PBO, respectively). The frequency and severity of 
adverse events following 13739 treatment were similar to those observed in 
subjects randomized to PBO. 13739 did not affect sex hormone levels or the 

aldosterone-renin axis. A dose dependent increase in morning plasma ACTH 
was reached by week 4 and then plateaued (mean = 48 pg/mL in the 200 mg 
group at week 12; normal range <63.3 pg/mL). Plasma DHEA-s increased in 
a dose-dependent manner in concert with ACTH, reaching a maximum at 
week 4 in the 200 mg group (mean = 198 ug/dL) which was within age and 
gender-based normal ranges. Plasma morning cortisol, late-night salivary 
cortisol, and response to Cortrosyn challenge were unchanged from baseline, 
indicating that the changes in ACTH likely reflect compensatory HPA axis 
activity to maintain normal circulating cortisol homeostasis.
Conclusion: 13739 was very well tolerated and is the first 11-β-HSD1 in-
hibitor to demonstrate improvements in HbA1c and LDL-C in patients with 
T2DM.

173
Treatment with VI-0521 (phentermine and topiramate) leads to one year 
durable glycaemic benefit and weight loss in subjects with type 2 diabetes
W.T. Garvey1, B. Troupin2, C. Peterson2, T. Najarian2, P. Tam2, W. Day2; 
1Dept of Nutrition Sciences, University of Alabama - Birmingham, 2VIVUS, 
Inc, Mountain View, United States.

Background and aims: VI-0521, a low-dose, once daily combination of 
phentermine (PHEN) and topiramate (TPM) has been shown to produce sig-
nificant weight loss, improvements in blood pressure and lipids, and in dia-
betic subjects, statistically and clinically significant reductions in HbA1c and 
blood glucose. This study demonstrates that in subjects with type 2 diabetes, 
previously reported metabolic and cardiovascular benefits persist through 
one year of treatment, with a favorable tolerability and safety profile.
Materials and methods: This was a 56-week double blind, placebo-control-
led, multi-center study. Subjects were type 2 diabetics who had completed a 
previous (28-week) study evaluating VI-0521, and elected to continue with 
their randomized treatment [PHEN/TPM 15/92 (n=75) or Placebo (n=55)] 
for an additional 28 weeks. The primary endpoint for the study was the 
change in HbA1c from baseline (week 0) to Week 56. Subjects underwent di-
etary and lifestyle counseling throughout the 1-year period. All subjects were 
actively managed, in that investigators were required to adjust concomitant 
anti-diabetic and anti-hypertensive medications in response to blood glucose 
or blood pressure values that were outside of protocol-specified thresholds.
Results: The 1-year treatment cohort consisted of 130 type 2 diabetic subjects 
(69% female, mean age 49 years, 86% Caucasian, 59% Hispanic/Latino, 11% 
Black; mean baseline weight 96kg, BMI 35 kg/m2, HbA1c 8.7%, mean fast-
ing glucose 9.6 mmol/L). At baseline, 11 % of subjects were drug naïve, 28% 
were on monotherapy, and the remainder (>60%) were treated with 2 or more 
oral medications for their diabetes. At week 56, the VI-0521 group showed a 
reduction from baseline in HbA1c of 1.6% compared to 1.1% in the placebo 
group (p=0.038). 53% of VI-0521 treated subjects achieved the HbA1c bench-
mark of less than 7%, with 32% achieving a HbA1c of <6.5%, compared to 
40% and 16%, respectively, in subjects managed without VI-0521. In the VI-
0521 group, fasting glucose dropped 2.42 mmol/L at 56 weeks, compared to 
1.42 mmol/L in placebo (p=0.02), and statistically significant improvements 
were also seen in postprandial glucose control as measured by 1,5-anhydro-
glucitol (GlycoMark, p=0.01). These glycemic targets were met in VI-0521 
treated subjects despite a net reduction in their anti-diabetic medication, in 
contrast to the placebo treated subjects who required increased anti-diabetic 
medications. VI-0521 treated subjects lost 9.4% of their baseline body weight 
by 56 weeks, compared to 2.7% in the placebo group (p<0.001). VI-0521 was 
well tolerated, with no treatment related SAEs, and one discontinuation due 
to an AE in VI-0521, versus none in placebo. Adverse events were generally 
mild to moderate, and occurred at lower rates in the second six months of 
the study. Severe events occurred in 6 subjects on VI-0521, and 4 in placebo 
treated subjects. Greater than 90% of participants in both groups completed 
56 weeks of treatment.
Conclusion: At one year, treatment of type 2 diabetic patients with VI-0521 
produced sustained and clinically meaningful reductions in HbA1c, fast-
ing and postprandial glucose, and body weight compared to placebo, in a 
well-tolerated once daily formulation. This was achieved on a background of 
mandated treatment to standard of care glycemic targets in both placebo and 
VI-0521 treatment groups.
Supported by: VIVUS, Inc.
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Farnesoid-X receptor agonists - a new therapeutic class for diabetes and 
NAFLD - first clinical data
S. Mudaliar1, L. Morrow2, R. Henry1, M. Kipnes3, A. Sanyal4, C. Sciacca5,  
M. Hompesch2, P. Clopton1, A. Mavian1, D. Shapiro5; 
1VA San Diego Healthcare System and, San Diego, 2Profil Institute for 
Clinical Research, Inc., Chula Vista, 3DGD Clinic, San Antonio, 4Virginia 
Commonwealth University, Richmond, 5Intercept Pharmaceuticals, Inc., San 
Diego, United States.

Background and aims: 6-ethyl chenodeoxycholic acid (CDCA), INT-747, is 
a novel derivative of the primary human bile acid CDCA, (the natural ligand 
for the farnesoid-X receptor (FXR), a nuclear hormone receptor). INT-747 is 
~100x more potent an FXR agonist than CDCA and in vitro increases insulin 
secretion by human pancreatic islets, enhances adipocyte lipid storage and 
secretion of adiponectin and leptin.
Materials and methods: This double blind, placebo (Pbo) controlled, study 
evaluated the effects of INT-747 on insulin sensitivity by means of a two stage 
euglycemic insulin clamp. Patients with Type 2 diabetes and non-alcoholic 
fatty liver disease (NAFLD), diagnosed by elevated aminotransferases (20%), 
imaging (84%) and/or histology (3%), were randomized to receive placebo, 
INT-747 25mg or 50mg once daily for 6 weeks. 64 patients enrolled (Pbo: 
n=23; INT-747 25mg: n=20, INT-747 50mg: n=21). Glucose disposal rate 
(GDR) (mg . kg-1 . min-1) was determined (pre and post treatment) after 
steady state was achieved with low and high dose insulin (Ins) infusions (60 
and 120mU x m2 body surface area/min).
Results: Fasting plasma insulin concentrations tended to be higher after 
treatment with 25mg vs. Pbo. The greatest responses appeared to occur in 
patients with BMI <40kg/m2 and HbA1c >7%. Adverse experiences (AEs) 
were generally mild/moderate and not clearly different across groups (pla-
cebo 61%, 25mg 45%, 50mg 76%). Constipation (19% in 50mg group) was 
the most common. Minor increases in LDL (25 and 50mg) and decreases in 
HDL and triglyercides (50mg) were seen. ALT (25mg) and GGT (both doses) 
decreased by ~25% and 50% (p<0.001), respectively.
Conclusion: In this study INT-747 was well tolerated and improved GDR 
and weight loss in Type 2 diabetics with NAFLD.
*: p<0.05; †: 0.05 < p < 0.10 compared to placebo

Supported by: Intercept Pharmaceuticals, Inc.

OP 30 Neuropathy
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The association between cardiac autonomic neuropathy with metabolic 
and other factors in subjects with type 1 and type 2 diabetes mellitus
C. Voulgari, M. Psallas, N. Katsilambros, N. Tentolouris; 
1st Department of Propaedeutic Medicine, Athens University Medical 
School, Laiko General Hospital, Greece.

Background and aims: Cardiac autonomic neuropathy (CAN) is a common 
complication of diabetes and is associated with poor prognosis. However, lit-
tle is known about the risk factors for the development of CAN, especially in 
subjects with type 2 diabetes (T2DM). The aim of this cross-sectional study 
was to examine the relationship between CAN and clinical and metabolic 
parameters as well as microvascular and other complications in patients with 
either type 1 (T1DM) or T2DM.
Materials and methods: A total of 600 patients (T1DM: n=200; T2DM: 
n=400) were recruited. Participants with overt nephropathy or macrovascu-
lar complications were excluded. CAN was diagnosed when two out of the 
four classical autonomic function tests were abnormal.
Results: In T1DM, multivariate logistic regression analysis, after adjustment 
for gender, age, central fat distribution, duration of diabetes and lipids demon-
strated that the odds (OR, 95% confidence intervals) of CAN increased with 
factors such as onset of diabetes in the puberty [2.64 (1.02-6.30), P=0.02], 
microalbuminuria [2.48 (1.32-4.64), P=0.005], retinopathy [1.13 (1.04-1.41), 
P<0.001], smoking [1.14 (1.05-1.40), P=0.002] and measures such as higher 
HbA1c values [1.54 (1.05-2.25), P=0.02], LDL-cholesterol [1.01 (1.00-1.24), 
P=0.02], triglycerides [1.01 (1.00-1.02), P=0.003] and systolic blood pressure 
[1.03 (1.00-1.05), P=0.01]. The same analysis in patients with T2DM, after 
adjustment for gender, age, blood pressure, lipids, and antidiabetic treatment 
demonstrated that central fat distribution [1.03 (1.00-1.03), P=0.05], longer 
duration of diabetes [1.04 (1.01-1.08), P=0.006], higher HbA1c values [1.19 
(1.02-1.38), P=0.02], LDL-cholesterol [1.01 (1.00-1.01), P=0.004], triglyc-
erides [1.00 (1.00-1.00), P=0.05], retinopathy [1.34 (1.17-1.66), P=0.001], 
microalbuminuria [1.21 (1.12-1.35), P<0.001], smoking [1.25 (1.11-1.59), 
P=0.002] and severity of smoking (>20 cigarettes/day) [1.34, (1.15-1.71), 
P=0.004] were independently associated with higher odds of CAN.
Conclusion: In patients with T1DM, the risk of CAN is associated with onset 
of diabetes in the puberty, glycemic control, blood pressure, dyslipidemia, 
microalbuminuria, retinopathy and smoking, while in patients with T2DM 
with duration of diabetes, glycemic control, dyslipidemia, microvascular 
complications, central fat distribution and smoking.

176
Indices of cardiac autonomic function correlate with arterial stiffness 
in young normotensive and normoalbuminuric patients with type 1 
diabetes
E. Diakoumopoulou1, S. Liatis1, A. Tsiakou1, K. Alexiadou1, N. Tentolouris1, 
N. Katsilambros2; 
11st Internal Medicine Department, Athens University Medical School Laiko 
Hospital, Athens, Greece, 2Athens University Medical School, Greece.

Background and aims: Arterial stiffness is increased in type 1 diabetes (T1D), 
even before any clinical complications from the disease are evident. The di-
minished vascular compliance found in diabetes is believed to be multifacto-
rial, with hyperglycemia playing a mandatory pathogenetic role. Conflicting 
data exist, however, regarding the relationship between cardiac autonomic 
function and arterial stiffness in T1D. The aim of this study was to investigate 
the association between cardiac autonomic function and large artery elastic-
ity in young normotensive and normoalbuminuric T1D patients.
Materials and methods: Normotensive T1D patients, aged <40 years, with-
out clinical evidence of nephropathy were consecutively selected from the 
outpatient diabetes clinic of our institution. Large artery stiffness was as-
sessed by measurement of carotid-femoral pulse wave velocity (PWV). Car-
diac autonomic function was assessed by the battery of the cardiovascular 
tests proposed by Ewing and Clarke. The heart rate response to slow, deep 
breathing, to Valsalva manoeuvre and to standing up were assessed from 
ECG recordings of RR intervals.
Results: Data from 66 individuals were analyzed (age 27.1±6.0 years, 31 
[47%] men, diabetes duration 12.3±7.7 years, HbA1C 7.4±1.5%). Mean PWV 
value was 5.6±0.9 m/sec, whereas mean expiration/inspiration (E/I) index 
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(an index of heart rate variability during deep breathing) was 1.33±0.16, 
mean 30:15 ratio (an index of heart rate change after taking the upright po-
sition) was 1.33±0.18 and mean Valsalva ratio (the ratio of the longest RR 
interval after the manoeuvre to the shortest interval during it) was 1.94±0.40. 
There was a strong negative correlation of PWV with E/I index, (r=-0.533 
p<0.001) and a weaker one with 30:15 ratio (r=-0.275, p=0.025). In multivari-
ate linear regression analysis, after taking account for confounding factors 
(i.e. age, sex, diabetes duration, arterial blood pressure, smoking, body mass 
index and waist to hip ratio), E/I index was the strongest predictor of PWV 
(standardized β-regression coefficient=-0.348, p=0.002). Ε/Ι index, age and 
waist circumference accounted for the 43.7% of PWV variability.
Conclusion: Cardiac autonomic function expressed as E/I index is a strong 
predictor of large arterial stiffness, in young normotensive and normoalbu-
minuric T1D patients.

177
Association between the abnormal test of sudomotor function 
(Neuropad®) and markers of increased cardiovascular risk and the 
chronic complications of diabetes
D.S. Tesic1, P. Pantelinac1, V. Popovic2, M. Mitrovic1, J. Novakovic-Paro1,  
B. Vukovic1; 
1Clinic of Endocrinology, Diabetes and Metabolic Diseases, 2Clinic of 
Vascular Surgery, Clinical Centre of Vojvodina, Novi Sad, Serbia.

Background and aims: We have explored the possible role of using a com-
mercially available test of distal autonomic function (Neuropad®) in routine 
clinical practice by examining clinical and metabolic factors associated with 
an abnormal response to a test in a population of 499 patients with diabetes.
Materials and methods: 499 patients were recruited from those attending a 
routine specialist diabetes clinic. All were assessed for the quality of glycae-
mic control, cardiovascular risk factors and the presence of complications. 
Somatic sensory neuropathy was documented using the Neuropathy Dis-
ability Score, and autonomic neuropathy (sudomotor neuropathy) was deter-
mined on the sole of the foot using the Neuropad® response including time to 
colour change. Patients were divided into two groups: those with normal (pad 
pink at ten minutes) and abnormal (pad wholly or patchily blue).
Results: There were 151 patients with type 1 (72 male, mean age 41.2±13.7y; 
mean disease duration 15.4±10.3y) and 348 with type 2 (159 male, mean 
age 62.0±8.8y; mean disease duration 14.8±8.6y). NDS was >5 (abnormal) 
in 130 (26.1%) and no change in Neuropad colour by 10 minutes was ob-
served in 121 (24.2%). An abnormal Neuropad test was observed in 70 
(19.0% of 369) patients with a normal NDS. Mean time to complete Neu-
ropad colour change was 10.8±7.3 mins in patients with an abnormal NDS, 
and 7.0±5.5 mins in those without neuropathy (p<0.001). Significant direct 
correlations were observed between an abnormal Neuropad test and age 
(rs=0.31, p<0.001), waist circumference (rs=0.17, p=0.003), BMI (rs=0.25, 
p<0.001); significant negative correlations were observed with height (rs=-
0.17, p<0.001) and serum HDL cholesterol (rs=-0.13, p=0.003). Patients with 
abnormal sudomotor function were older (60.8±10.5y) than those who were 
normal (54.0±14.9y, p<0.001), as well as having a longer disease duration 
(16.8±9.4 vs. 14.8±9.7, p=0.045), high BMI (29.4±5.8 vs. 27.4±2.5) and a 
higher prevalence of hypertension (54.6% vs. 42.1%, p=0.018). Patients with 
an abnormal sudomotor response also had a higher prevalence of maculopa-
thy (29.8% vs 16.7%, p=0.008), symptomatic neuropathy (62.8% vs 48.5%, 
p=0.04), history of myocardial infarction and/or stent and/or bypass sur-
gery (20.7% vs. 13.2%, p=0.05), peripheral arterial disease (9.1% vs 4.5%, 
p=0.04), history of foot ulcers (5.8% vs 0.8%, p=0.003) and major amputa-
tions (2.5% vs 0.0%, p<0.001).
Conclusion: These findings illustrate the close association between the find-
ing of an abnormal test of sudomotor function, markers of increased cardio-
vascular risk and the presence of chronic complications of diabetes. There 
may be a place for inclusion of routine testing of sudomotor function in the 
routine assessment of people with diabetes. These preliminary data suggest 
that it may be more sensitive than the NDS in detecting distal neuropathy.

178
Role of oxidative stress in predicting the progression of somatosensory 
and cardiac autonomic nerve dysfunction in diabetic patients. A 6-year 
prospective study
D. Ziegler1,2, S. Kuehne1, C. Sohr1, M. Roden1,2, J. Nourooz-Zadeh3; 
1Institute for Clinical Diabetology, German Diabetes Center at the Heinrich 
Heine University, Düsseldorf, Germany, 2Department of Internal Medicine / 
Metabolic Diseases, University Hospital, Düsseldorf, Germany, 3Department 
of Medicine, Royal Free and University College London School of Medicine, 
United Kingdom.

Background and aims: Oxidative stress is implicated in the pathogenesis of 
experimental diabetic neuropathy, but prospective studies in diabetic patients 
are lacking. We aimed to evaluate whether the plasma levels of various bi-
omarkers of oxidative stress predict the progression of diabetic neuropathy 
and mortality over 6 years.
Materials and methods: We followed 89 diabetic patients (mean±SD; age: 
54±14 years, diabetes duration: 12±10 years, HbA1c: 9.4±1.7%, 54% male, 
69% type 2, 59% with polyneuropathy), 72 of whom underwent nerve func-
tion reassessment after 6.2±0.8 years, whereas 17 died after 4.2±1.0 years. 
Markers of oxidative stress in plasma at baseline included superoxide, hy-
pochlorous acid, peroxynitrite (all ABEL assay), 8-iso-prostaglandin F2α, 
vitamin E/lipid ratio, and vitamin C. Neuropathy was assessed by symptoms 
and deficits, motor and sensory nerve conduction velocity (MNCV, SNCV), 
vibration perception thresholds (VPT), thermal detection thresholds (TDT), 
and heart rate variability (HRV).
Results: Despite a reduction in HbA1c by -1.4±1.6% (p<0.001), median 
SNCV, sural SNCV, peroneal MNCV, malleolar VPT, and warm TDT de-
teriorated from baseline to follow-up (all p<0.05). Multivariate regression 
analyses demonstrated that increased superoxide generation was associated 
with a decline in median SNCV (β=-0.997; p=0.036) and deterioration in 
HRV at rest (OR: 1.63 [95% CI: 1.09-2.44]; p=0.017) from baseline to fol-
low-up. Low vitamin E/lipid ratio predicted a decrease in peroneal MNCV 
(β=0.760; p=0.036) and tended to relate to the change in malleolar VPT (β=-
0.725; p=0.077), while vitamin C was associated with the change in cold TDT 
(β=-0.094; p=0.032), but after full adjustment, these effects did not persist. 
Superoxide (highest quartile) was associated with an increased risk of mortal-
ity (HR: 5.75 [95% CI: 1.59-20.88]; p=0.047).
Conclusion: Increased plasma superoxide generation predicted the decline 
in sensory and cardiac autonomic nerve function and mortality over 6 years 
in diabetic patients, whereas the predictive value of other oxidative stress 
markers was either less consistent or lacking.

179
The effect of glucose variability on the risk of peripheral and autonomic 
neuropathy in type 1 diabetes
T.M. Vriesendorp1, S.E. Siegelaar1, E.S. Kilpatrick2, A.S. Rigby3, S.L. Atkin4, 
J.B.L. Hoekstra1, J.H. DeVries1; 
1Internal Medicine, Academic Medical Center, Amsterdam, Netherlands, 
2Clinical Biochemistry, Hull Royal Infirmary, United Kingdom, 3Cardiology, 
University of Hull, United Kingdom, 4Diabetes, Hull York Medical School, 
United Kingdom.

Background and aims: While the presence of an effect of glycemic variability 
on microvascular complications as retinopathy and nephropathy has been ne-
gated, it is unknown whether glycemic variability may influence neuropathy. 
In literature, it is suggested that the nervous system may be particularly sus-
ceptible to glucose variability. We analyzed data from the Diabetes Control and 
Complications Trial (DCCT) to assess whether glycemic variability is a risk 
factor for the development of peripheral or autonomic diabetic neuropathy.
Materials and methods: Seven-point glucose profiles were collected quar-
terly during the DCCT in 1441 individuals with type 1 diabetes. Peripheral 
neuropathy was assessed at baseline and at 5 years follow-up, autonomic neu-
ropathy at baseline and 4 years follow-up. The effect of the glycemic vari-
ability, expressed as standard deviation (SD) and mean amplitude of glycemic 
excursions (MAGE) on the development of peripheral and autonomic neu-
ropathy was assessed using a logistic regression model, with adjustment for 
age, sex, disease duration, treatment group and prevention cohort. Finally, 
the additional effect of glucose variability over the effect of HbA1c and mean 
glucose on neuropathy was computed using the same technique.
Results: Glucose variability, quantified by mean SD and mean MAGE, had 
no effect on the incidence of clinical neuropathy confirmed by autonomic 
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or electromyography (EMG) abnormalities (SD Odds Ratio [OR] 1.07, 95% 
Confidence Interval [CI] I 0.83-1.35, p=0.67; MAGE OR 1.06, CI 0.96-1.20, 
p=0.23) or clinical neuropathy alone (SD OR 0.95, CI 0.77-1.18, p=0.66; 
MAGE OR 1.01, CI 0.91-1.11, p=0.90). Glucose variability appeared to have 
a possible effect on overall autonomic dysfunction but not when adjusting 
for HbA1c or mean glucose (SD OR 1.08 and 1.09, CI 0.82-1.44 and 0.80-
1.48, p=0.58 and 0.57 respectively; MAGE OR 1.09 and 1.10, CI 0.96-1.23 
and 0.97-1.25, p=0.18 and 0.13 respectively). Only for one specific autonomic 
function parameter, beat-to-beat heart rate variation < 20 plus a Valsalva ra-
tio > 1.5, the effect remained significant when adjusting for mean glucose (SD 
OR 2.64, CI 1.17-5.94, p=0.02; MAGE OR 1.42, CI 1.07-1.90, p=0.02), but not 
when adjusting for HbA1c (SD OR 1.84, CI 0.90-3.76, p=0.09; MAGE OR 
1.30, CI 0.98-1.72, p=0.072).
Conclusion: Glucose variability does not appear to be an additional risk fac-
tor in the development of diabetic peripheral or autonomic neuropathy over 
and above HbA1c or mean glucose.
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IGT-associated neuropathy and its possible involvement with metabolic 
syndrome
Y. Sako1, N. Sekiguchi1, J. Iwasaki2, K. Okadome3; 
1Department of Metabolism Endocrinology and Diabetology, 2Department 
of Health Check, 3Department of Surgery, Saiseikai Fukuoka General 
Hospital, Fukuoka, Japan.

Background and aims: Increasing epidemiological evidence implicates the 
prediabetic state of impaired glucose tolerance (IGT) as a risk factor for mac-
rovascular complications. Recent studies also suggest a causal relationship 
between IGT and peripheral neuropathy. The clinical characteristics of IGT-
associated neuropathy are not well understood. The aim of this study is to 
determine the prevalence of IGT-associated neuropathy, and to assess asso-
ciations between peripheral sensory neuropathy (PSN) and each component 
of metabolic syndrome.
Materials and methods: We examined 150 patients with IGT (age: 54.7±10.0 
years, BMI: 23.7±2.8, FBS: 102.4±10.3 mg/dl, HbA1c:5.3±0.3%, CVr-r at rest: 
3.61±1.66%; M±SD) and 176 NGT (normal glucose tolerance) control sub-
jects (age: 50.4±11.7, BMI: 22.5±2.8, FBS: 92.5±7.4, HbA1c: 5.1±0.3, CVr-r: 
3.88±1.89). We determined the prevalence of PSN in each group. PSN was 
defined as the existence of neuropathic symptoms and tendon reflex abnor-
mality and impaired vibratory sensation. Two abnormalities out of three were 
considered pathological. We also investigated associations between PSN and 
each component of metabolic syndrome (hyperglycemia: IGT & IFG, hyper-
tension, dyslipidemia, waist circumference) in total subjects (N=326) using 
multivariate statistical analysis for significance testing.
Results: Significant differences were not found between IGT and NGT con-
trol subjects regarding the following parameters: age, BMI, FBS, HbA1c, CVr-
r. Prevalence of PSN in IGT subjects assessed by our criteria was 18.0%, while 
that of PSN in NGT control subjects was 3.9%. The prevalence of PSN in 
IGT was significantly higher than that in control NGT subjects (p<0.001). 
In univariate analysis, PSN was significantly associated with age (p=0.0008), 
IGT (p=0.0002) and IFG (p=0.001) and tended to be significantly associated 
with hypertension (p=0.052) but not with sex, waist circumference and dy-
slipidemia. In multivariate analysis, PSN was independently associated with 
IGT (odds ratio 4.34) and IFG (4.47) and tended to be independently associ-
ated with hypertension (2.01), age (2.29), waist circumference (1.74) and sex 
(1.75).
Conclusion: The result that neuropathy is more common in patients with 
IGT than in normoglycemic controls strongly supports an association be-
tween prediabetes and neuropathy. Our data indicates that metabolic syn-
drome may be involved in the pathogenesis of IGT-associated neuropathy. 
Longitudinal studies are needed to establish the temporal relationship be-
tween IGT-associated neuropathy and diabetic neuropathy.
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Independent effects of weight gain and fetal programming on metabolic 
complications in SGA adults
T. Meas, E. Carreira, S. Deghmoun, C. Lévy-Marchal; 
Internal Medicine, Université Paris 7, France.

Introduction: The relationship between a low birth weight and the develop-
ment of insulin resistance (IR) and the Metabolic Syndrome (MS) has been 
well documented at different periods of life. But little is known about the 
progression of MS in young adults born small for gestational age (SGA), in 
particular on the respective roles of SGA and weight gain.
Aim: We have previously reported an increased gain of fat mass with ageing 
in young adults born SGA beyond the simple effect of time. We hypothesized 
that being born SGA would promote a marked progression of IR and MS not 
only reflecting this gain of fat mass but reflecting also fetal programming.
Subjects and methods: Subjects were selected from a community-based co-
hort where subjects were all born full-term either SGA (Birth Weight< 10th 
percentile) or appropriate for gestational age (AGA) (25th <BW<75th per-
centile). 1273 subjects were prospectively followed over 7.5 yr, representing 
78 % of the initial cohort. Metabolic syndrome was assessed using the WHO 
definition.
Results: 

AGA ( n=697) SGA (n=576) P value
Baseline observation
Age (years) 22.1 ± 3.8 22.0 ± 3.8 0.78
Sex ratio % (M/F) 47/53 45/55 0.68
BMI (kg/m2) 22.6 ± 3.7 22.4 ± 4.2 0.39
MS n (%) 1 (0.14) 15 (2.60) 0.008
HOMA-IR 1.02 ± 0.5 1.18 ± 0.9 0.001
Observation at follow-up
Follow-up duration 7.5 ± 2.6 7.4 ± 2.5 0.49
BMI (kg/m2) 24.1 ± 4.3 24.2 ± 5.3 0.65
Delta BMI (kg/m2) + 1.5 ± 2.4 + 1.8 ± 2.7 0.02
Fat mass (%) 22.1 ± 8.2 23.1 ± 8.9 0.04
HOMA-IR 1.27 ± 0.6 1.41 ± 0.8 0.004
Delta HOMA-IR 0.25 ± 0.6 0.24 ± 0.9 0.61/0.28*
MS n (%) 34 (4.9) 51 (8.9) 0.05/0.08*

All comparisons are adjusted on gender, age, BMI, socio-economical status 
and family history of metabolic disorders. * Same model with delta BMI in-
stead of BMI
Conclusion: At both visits, subjects born SGA are more insulin resistant and 
have a significantly higher prevalence of MS in comparison to those born 
AGA, despite a very steep progression of MS in the AGA group. SGA subjects 
remain more affected at 30 years of age following a higher gain in body size, 
which tends to overcast the effect of being born SGA. Our data suggest that 
being born SGA induces early metabolic disorders, further amplified by the 
weight gain with time when adults, both probably resulting from fetal pro-
gramming. Moreover, the modest increase in IR contrasts with the constant 
and much higher prevalence of MS, suggesting that the metabolic complica-
tions are not related only to the degree of fat mass but that fetal programming 
strongly affects the physiology of the adipose tissue.
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Fatty Liver Index (FLI) as a new cardiometabolic risk marker: validation 
in the RISC study
A. Gastaldelli1, M. Kozakova2, A. Sironi1, R. Petz1, A. Mari3, E. Ferrannini2, 
RISC Investigators; 
1Metabolism Unit, Fondazione Toscana G. Monasterio and CNR Institute 
of Clinical Physiology, Pisa, 2Department of Internal Medicine, University 
of Pisa, 3Institute of Biomedical Engineering, National Research Council, 
Padova, Italy.

Background and aims: FLI is a new index recently proposed as a predictor of 
the presence of fatty liver (FL) which includes in its formula waist, BMI, triglyc-
eride and γGT levels (FLI>60 =likelihood >78% presence FL; FLI<20=likelihood 
>91% absence of FL). However, these parameters are also implicated in the de-
velopment of diabetes, CHD and atherosclerosis. Aim of this study was to vali-
date FLI vs MR spectroscopy and to evaluate in the RISC population if a high 
FLI score could predict metabolic alterations and presence of atherosclerosis.
Materials and methods: The RISC study recruited 1308 European sub-
jects (age 30-60 years, BMI 20-45 kg/m2) free of diabetes, hypertension 
and clinically manifest cardiovascular diseases (CVD). We evaluated FLI, 
metabolic profile, glucose tolerance (OGTT), peripheral insulin sensitivity 
(M/I, by euglycaemic-hyperinsulinaemic clamp), hepatic insulin resistance 
(HIR=Insulin*EGP measured with glucose tracer, n=400), beta cell func-
tion (by mathematical modelling of the C-peptide response to oral glucose), 
physical activity (PA, by accelerometry), coronary heart disease risk (CHD, 
by Framingham score), early carotid atherosclerosis (as intima-media thick-
ness, IMT, by ultrasound). In a separate group of subjects (n=37), hepatic fat 
content (HF) was evaluated by MR spectroscopy and compared with FLI.
Results: Subjects with FLI<20 had no HF (range 0.4-4.2%, n=6), while those 
with FLI>60 had steatosis (ie, HF>5%, range 8.6-24.0%, n=10). FLI was well 
correlated with HF (r=0.61, p=0.0001). RISC subjects with FLI>60 - vs those 
with FLI<20 - were more insulin resistant at the whole-body level (M/I=88±3 
vs 167±3 µmol·min-1·kgffm

-1·pM-1) and in the liver (HIR=737±51 vs 361±16 
µmol·min-1·kgffm

-1·pM) and beta cell glucose sensitivity was impaired (114±5 
vs 142±4 pmol.min-1m-2.mM-1 , all p<0.0001). The RISC population was at 
low risk for CHD (only 9% of the subjects had medium-to-high risk, while 
83% were below average). By multivariate analysis, 10-year CHD score was 
positively associated with BMI and waist, and negatively with PA and M/I 
(AdjR2=0.24, all p<0.01). FLI was strongly related to CHD in univariate anal-
ysis (R2=0.23) and remained so independently of PA (AdjR2=0.26, p<0.0001). 
IMT was low on average (0.602±0.002 mm, range 0.38-1.02) and positively 
associated with age and established atherosclerotic risk factors (BMI, waist, 
systolic blood pressure (SBP), LDL, fasting plasma glucose) and negatively 
with HDL, physical activity, FLI and M/I (all p<0.0001). In a multivariate 
model, independent determinants of IMT were M/I (p=0.01), age, SBP, LDL 
and gender (all p<0.0001, AdjR2=0.27). When FLI was added, it replaced M/I 
as an independent predictor of IMT (AdjR2=0.27, p=0.0001).
Conclusion: In middle-aged non-diabetic subjects, high values of FLI were 
associated with increased insulin resistance, IMT and CHD risk; calculation 
of FLI from simple metabolic and anthropometric data can be a useful cardi-
ometabolic risk marker.
Supported by: EU contract QLG1-CT-2001-01252, Astra Zeneca Sweden
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Relationships between hepatic stearoyl-CoA desaturase 1 activity and 
mRNA expression with liver fat content in humans
A. Peter1, A. Cegan2, S. Wagner3, A. Königsrainer3, I. Königsrainer3,  
H.-U. Häring1, E. Schleicher1, N. Stefan1; 
1Department of Internal Medicine, Devision of Endocrinology, Diabetes, 
Vascular Medicine, Nephrology, University of Tübingen, Germany, 2Faculty 
of Chemical Technology, Department of Biological and Biochemical 
Sciences, University of Pardubice, Czech Republic, 3Department of General, 
Visceral and Transplant Surgery, University of Tübingen, Germany.

Background and aims: The enzyme stearoyl-CoA desaturase (SCD) 1 has 
gained much interest as a future drug target to treat fatty liver and its meta-
bolic consequences. However, there is little and inconsistent human data 
about expression and activity of this important enzyme. We, therefore, in-
vestigated the hepatic activity and expression of SCD1 and their relationships 
with liver fat content in human liver samples.
Methods: Fifteen subjects undergoing liver surgery were studied. SCD1 ac-
tivity was estimated from the ratio of oleate (C18:1) to stearate (C18:0) and 

palmitoleate (C16:1) to palmitate (C16:0) within five lipid subfractions that 
were separated by thin layer chromatography. Furthermore, SCD1 mRNA 
expression and liver fat content were measured.
Results: Similar to previous studies, we observed a strong positive correlation 
between liver fat content and the C18:1/C18:0-ratio in the combined fatty 
acid (FA) fractions (r=0.98, p<0.0001), which could be interpreted as higher 
SCD1 activity with increasing liver fat content. However, the hepatic SCD1 
mRNA expression did not correlate with liver fat content (r=0.4, p=0.13). To 
solve this conflicting data, we further analyzed the FA composition of five 
hepatic lipid subfractions and their contribution to total hepatic FA. With 
increasing liver fat content the amount of FA from the TG fraction increased 
(r=0.96, p<0.0001), whereas the FA from the phospholipid (PL) fraction 
remained unchanged (r=-0.13, p=0.28). These two lipid fractions contain 
87±6% of the total hepatic FA and show a distinct FA composition. This re-
sults in a 18-fold higher C18:1/C18:0-ratio in TG than in the PL fraction. 
Supporting the SCD1 mRNA expression data, when the C18:1/C18:0-ratio 
of the TG fraction was analyzed, the strong correlation with liver fat con-
tent, observed in total hepatic FA, was absent (r=0.43, p=0.06; r=0.17, p=0.5 
for C16:1/C16:0). This paradox may be due to the fact that with increasing 
liver fat content the proportion of FA from the TG fraction that has a high 
C18:1/C18:0-ratio increased. The analysis of total hepatic FA could therefore 
mislead to the interpretation that SCD1 activity is strongly associated with 
liver fat content.
Conclusion: We provide important novel information that SCD1 activity 
and mRNA expression are not elevated in subjects with high liver fat content 
and that the FA composition of lipid subclasses, rather than of mixed lipids 
should be interpreted to estimate SCD1 activity.
Supported by: DFG and Czech Republic Ministry of Education
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Hepatic steatosis does not result in insulin resistance in subjects with 
familial hypobetalipoproteinaemia
N.M. Lammers1, M.E. Visser2, A.J. Nederveen3, M. van der Graaf4,  
A. Heerschap4, M.T. Ackermans5, H.P. Sauerwein1, E.S.G. Stroes2,  
M.J.M. Serlie1; 
1Endocrinology & Metabolism, AMC, Amsterdam, 2Vascular Medicine, 
AMC, Amsterdam, 3Radiology, AMC, Amsterdam, 4Radiology, UMC St 
Radboud, Nijmegen, 5Clinical Chemistry, Laboratory of Endocrinology, 
AMC, Amsterdam, Netherlands.

Background and aims: Hepatic steatosis is strongly associated with hepatic 
and whole body insulin resistance. Yet the causal relationship between hepat-
ic steatosis and insulin resistance remains uncertain. Subjects with familial 
hypobetalipoproteinemia (FHBL) are characterized by low levels of apolipo-
protein B and an increased risk of hepatic steatosis. However FHBL-patients 
are not characterized by disturbances in glucose metabolism. To investigate 
the role of liver fat in the development of insulin resistance we studied glu-
cose metabolism in subjects with FHBL and matched controls.
Materials and methods: We measured endogenous glucose production 
(EGP) and hepatic and peripheral insulin sensitivity (Rd) in the basal state 
and during a two-step hyperinsulinemic euglycemic clamp using stable iso-
topes. We included 8 male subjects with established FHBL and 8 healthy 
controls, matched for sex, age, BMI, waist to hip ratio and physical activ-
ity. Hepatic triglyceride content (IHTG) was measured using magnetic reso-
nance spectroscopy (STEAM, TE/TR=20/3000 ms, 6 acquisitions, voxel size 
27 cm3). Intramyocellular lipid content (IMCL) was measured by magnetic 
resonance spectroscopic imaging (TE/TR=30/1100 ms, matrix size 32x32). 
Voxels inside the soleus muscle were selected for analysis.
Data are presented as median [minimum-maximum].
Results: IHTG was significantly higher in patients compared to controls (27 
% [16-38] vs. 5 % [0-31] respectively, p= 0.045), while IMCL was similar in 
subjects with FHBL and controls (9.6 % [5.7-12.8] vs. 8.8 % [6.7-22.8] re-
spectively).
Basal EGP and basal insulin levels did not differ. Insulin-mediated suppres-
sion of EGP as well as Rd were not different between patients and controls 
(61.2% [17.7-86.9] vs. 75.6% [43.6-82.8] respectively (p=0.48) and 40.6 µmol/
kg.min [35.0-42.6] vs. 48.7 µmol/kg.min [24.9-71.8] respectively (p= 0.18)). 
Glucoregulatory hormones during the clamp were similar.
Conclusion: Subjects with FHBL and severe hepatic steatosis show no hepat-
ic or peripheral insulin resistance. Our results indicate that hepatic steatosis 
per se is not sufficient to cause insulin resistance.
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Rates of lipid fluxes in the adipose tissue in vivo after a mixed meal in 
morbid obesity
P. Mitrou1, G. Dimitriadis2, E. Boutati2, V. Lambadiari2, E. Maratou1,  
V. Komesidou3, A. Papakonstantinou4, N. Katsilambros5,  
T. Economopoulos2, S.A. Raptis1,2; 
1Hellenic National Center for Research, Prevention and Treatment of 
Diabetes Mellitus and its Complications (H.N.D.C), 22nd Department of 
Internal Medicine and Research Institute, Athens University Medical School, 
“Attikon” University Hospital, 3Department of Nutrition “Evangelismos” 
Hospital, 41st Department of Surgery, “Evangelismos” Hospital, 
5”Evgenidion” Hospital, Athens University Medical School, Athens, Greece.

Background and aims: Although insulin resistance in obesity is established, 
information on insulin action on lipid fluxes, in morbid obesity, is limited. 
This study was undertaken in morbidly obese subjects to investigate insulin 
action on triacylglycerol fluxes and lipolysis across adipose tissue (AD).
Materials and methods: A meal was given to 30 obese [age 34+1yrs, BMI 
47+1kg/m2] and 10 non-obese subjects (age 39+4yrs, BMI 23+1kg/m2). Plas-
ma samples for glucose, insulin, triglycerides and non-esterified-fatty-acids 
(NEFA) were taken for 360min from a vein draining the abdominal subcu-
taneous AD and from the radial artery. AD blood flow (BF) was measured 
with 133Xe.
Results: In obese vs non-obese: (1) Arterial glucose was similar (AUC0-360min 
2173+73 vs 2040+40mMmin), but insulin was increased (23578+2372 vs 
10331+608mU/Lmin, p=0.0004) (2) AD BF was decreased (657+48 vs 
1345+102ml/100mltissue, p=0001) (3) Arterial triglycerides (501+37 vs 
260+32nmol/Lmin, p=0.0007) and NEFA (166+17 vs 97+11nmol/Lmin, 
p=0.017) were increased (4) Lipoprotein lipase (LPL) was decreased (5+2 
vs 80+3pmol/100mlAD, p=0.009) (5) Arteriovenous triglyceride differ-
ences were similar (10+4 vs 19+6mmol/Lmin) (6) AD lipolysis (24+10 vs 
10+4pmolglycerol/Lmin), NEFA fluxes (34+11 vs 74+32μmol/100mltissue), 
veno-arterial NEFA differences (20.7+5 vs 21.3+10mmol/100mltissue) and 
total AD NEFA release (27+9 vs 11+6mmol) were similar.
Conclusion: in morbid obesity: (a) hypertriglycerinemia could be attributed 
to a defect in the postprandial dynamic adjustment of LPL, partly caused by 
blunted BF and (b) postprandialy there is a relative impairment of AD to 
buffer NEFA excess, despite normal NEFA output.
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Evidence against the involvement of the mTOR/S6-kinase signalling 
pathway in obesity-associated insulin resistance of skeletal muscle
B. Brunmair1, K. Stadlbauer1, M. Promintzer1, C. Fuernsinn1, Z. Szoecs1,  
B. Ludvik1, G. Prager2, M. Krebs1; 
1Department Medicine III, 2Department of Surgery, Medical University of 
Vienna, Vienna, Austria.

Background and aims: The nutrient-sensitive kinase mammalian target of 
rapamycin (mTOR) and its downstream targets S6-kinase (S6K) and 4E-
Binding Protein1 (4E-BP1) are known to mediate amino acid induced in-
sulin desensitisation. Activation of this signalling cascade enhances serine 
phosphorylation of insulin receptor substrate-1, resulting in impairments 
of insulin signalling and glucose utilisation. As it is still unknown, whether 
the mTOR/S6K pathway is involved in obesity induced insulin resistance of 
human skeletal muscle, this study aimed to provide evidence for or against 
a link between obesity, the mTOR/S6K pathway and modulation of insulin 
signalling in man.
Materials and Methods: Morbidly obese insulin resistant patients (n=10) 
and healthy volunteers (n=7) were studied (age: 37.4±3.6 vs 35.7±5.2 years; 
BMI: 49.4±1.9 vs 23.8±0.7 kg/m2; glucose infusion rate during euglycemic-
hyperinsulinemic clamp: 1.7±0.3 vs 8.8±1.2 mg*kg-1*h-1; p<0.002). Blood was 
sampled and needle biopsies were collected from skeletal muscle in the basal 
state. Muscle samples were blotted, prepared free of blood, fat and connec-
tive tissue and snap frozen within 30 seconds in liquid nitrogen. The activity 
of S6K (relative amount of protein in phosphorylated state), the expression 
and serine phosphorylation of IRS-1 (Ser307; Ser636/639), the expression of 
4E-BP1, p85-PI3-kinase (PI3K) and protein-kinase-B (PKB) as well as the 
expression and phosphorylation of AMP-kinase (AMPK), which also modu-
lates mTOR/S6K activity, were determined by Western blot analysis. Results 
are given as means±SEM.
Results: Muscle biopsies from morbidly obese patients exhibited significantly 
increased serine-phosphorylation of IRS-1 on Ser307 (% increase vs controls: 

+602±223%, p<0.03), while phosphorylation on Ser636/639 showed a paral-
lel, but not significant trend (+384±263%, ns). Total IRS-1 expression was not 
different between controls and obese patients (% of controls: 72.7±33.7%, ns) 
and the expression of downstream insulin signalling proteins PI3K and PKB 
did not vary between the two groups (% of controls: PI3K, 101.9±16.8%, ns; 
PKB, 85.6±14.5%, ns). Furthermore, S6K activity was similar in muscle from 
obese patients and healthy controls (S6K in phosphorylated state: 33±6% vs 
31±8%; ns), suggesting that enhanced mTOR signalling is not the cause of 
obesity-induced IRS-1 serine phosphorylation. In line with this conclusion, 
a trend towards reduction rather than an increase of 4E-BP1 expression was 
observed in muscle from obese patients (% decrease vs controls: -35±17%, 
p=0.061, ns) and the amount of activated (phosphorylated) AMPK was un-
changed (phosphorylated AMPK, % of controls, 73.8±29.6, ns).
Conclusions: The results show that obesity induced insulin resistance is as-
sociated with an increase of IRS-1 serine phosphorylation in skeletal muscle. 
Expression of total IRS-1 and downstream insulin signalling proteins PI3K 
and PKB is not altered in obesity, indicating that reduced insulin signalling 
is more likely due to phosphorylation/activation deficiencies than due to de-
creased total protein expression. No evidence was obtained for an involve-
ment of the nutrient-sensitive mTOR/S6K signalling cascade in obesity as-
sociated muscle insulin resistance.
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Insulin administration may trigger type 1 diabetes in patients with type 2 
diabetes having high-risk HLA class II
H. Makino1,2, W. Nishida2, M. Nakamura2, Y. Yamada3, D. Chujo4,  
A. Imagawa5, T. Hanafusa6, K. Takahashi7, T. Suehiro8, Y. Watanabe9,  
H. Moriyama10, M. Nagata10, K. Yokono10, H. Onuma2, H. Osawa2; 
1Takanoko Hospital, Diabetes Research Center, Matsuyama, Japan, 2Dept. 
of Molecular and Genetic Medicine, Ehime University, Toon, Japan, 
3Sumitomo Hospital, Osaka, Japan, 4Baylor Institute for Immunology 
Research, Dallas, United States, 5Dept. of Metabolic Medicine, Osaka 
University, Japan, 6First Dept. of Internal Medicine, Osaka Medical College, 
Takatsuki, Japan, 7Kurashiki Central Hospital, Okayama, Japan, 8Kochi 
Medical School, Nankoku, Japan, 9Dept. of Surgery, Ehime University, Toon, 
Japan, 10Dept. of Internal and Geriatric Medicine, Kobe University, Japan.

Background and aims: Insulin administration causes various types of im-
mune response to insulin, but there had been no reports that insulin adminis-
tration triggers pancreatic β cell destruction, namely type 1 diabetes (T1DM) 
in patients with type 2 diabetes (T2DM). Recently, we first reported on 3 
cases of T1DM developed after insulin administration. The objective of this 
study was to further collect such cases, and characterize these clinical, im-
munological and genetic background.
Material and methods: A total of 6 patients (4 men and 2 women) with T1DM 
developed after insulin administration were included in this study from dia-
betic clinics in Japan. Serum or urinary C-peptide, autoantibodies to glutamic 
acid decarboxylase (GAD65) and IA-2, insulin antibody, and HLA class II 
haplotypes were analyzed. Using ELISPOT according to the protocol by Mori-
yama et al., the secretion of Th1-associated interferon-γ and Th2-associated 
interleukin-4 from peripheral mononuclear cells upon stimulation with diabe-
tes-related antigens, GAD65 protein and several important peptide fragments 
of insulin, were investigated in 4 cases. Pancreatic biopsy with laparoscope was 
performed by the specialist of pancreatic surgery in one case. The study was 
approved by the ethics committee of the Ehime University Hospital.
Results: T2DM was diagnosed at the average age of 42.6 (34-52) years in 
these cases. Mean maximum BMI was 30.2 (24.2-40.9) kg/m2. They all de-
veloped insulin deficiency 8.2 (2-17) months after insulin administration at 
the age of 59 (50-70) years, but they had neither received insulin therapy nor 
had autoantibody to GAD65 before insulin administration. Fasting serum 
C-peptide levels were 1.56 ± 0.68 ng/ml, and urinary C-peptide levels were 
83 ± 13 μg/day before insulin administration. After the initiation of insulin 
administration, serum and urinary C-peptide levels were rapidly decreased 
to 0.09 ± 0.01ng/ml, and 5.3 ± 6.8 μg/day, respectively. Insulin allergy was de-
veloped in 3 cases, and high titer of insulin antibody was observed in 3 cases 
after insulin administration. Autoantibodies to GAD65 and IA-2 were not 
detected in 3 cases through their entire clinical course, but were transiently 
and weakly positive in 2 cases. In one case, high titer of GAD antibody was 
observed immediately after the development of T1DM. They all had T1DM 
high-risk HLA class II haplotypes in Japanese. GAD-reactive and insulin-
peptides-reactive Th1 cells were identified in 2 of 4 cases. In a histological 
examination of pancreatic tissues obtained by a pancreatic biopsy in one case, 
typical insulitis was observed. 
Conclusion: The present study suggests that insulin administration may 
trigger TIDM in patients with T2DM having T1DM high-risk HLA class II 
haplotypes, and that autoreactive T cells may contribute to the development 
of T1DM.

188
Interim results of a phase I/II clinical trial of a DNA plasmid vaccine 
(BHT-3021) for type 1 diabetes
P. Gottlieb1, G. Eisenbarth1, L. Harrison2, P. Colman3, B. Roep4, J. Quan5,  
N. Solvason5, L. Steinman6, H. Garren5, BHT-3021 Study Group; 
1Barbara Davis Center, Aurora, United States, 2The Walter & Eliza Hall 
Institute of Medical Research, Parkville, Australia, 3Royal Melbourne 
Hospital, Parkville, Australia, 4Leiden University Medical Center, 
Netherlands, 5Bayhill Therapeutics, Inc., San Mateo, United States, 6Stanford 
University, United States.

Background and aims: DNA plasmid vaccines are a highly effective antigen-
specific treatment of autoimmune disease in various animal models and in a 
multiple sclerosis clinical trial.

Materials and methods: BHT-3021 is a DNA plasmid that encodes full-
length human proinsulin, currently in a phase I/II, randomized, blinded, pla-
cebo-controlled, dose escalation trial in T1D patients (0.3 mg, 1 mg, 3 mg or 
6 mg), in which BHT-3021 or saline placebo is injected intramuscularly on a 
weekly basis for 12 weeks.
Results: Complete safety and pancreatic function data to 6 months after ran-
domization are available for the first two dose cohorts (1 mg and 3 mg). Nine 
C-peptide positive patients were enrolled in the first cohort and eleven in the 
second cohort, randomized 2:1 active to placebo. Adverse event (AE) and 
laboratory data on these patients suggest that BHT-3021 is safe and well-tol-
erated. No serious adverse events have been reported in patients receiving 
BHT-3021. Most AEs were mild or moderate in severity.
Treatment with BHT-3021 may preserve ß-cell function as measured by C-
peptide levels. C-peptide levels were maintained at six months after rand-
omization in patients treated with 1 mg (mean increase of 2 pmol/L from 
baseline) and with 3 mg of BHT-3021 (mean increase of 34 pmol/L from 
baseline). In contrast, C-peptide levels declined in placebo treated patients 
(mean decrease of -127 pmol/L from baseline). At fifteen weeks after rand-
omization, there was a corresponding decline in mean HbA1c levels of 0.13% 
Hb with 1 mg and of 0.44% Hb with 3 mg of BHT-3021. Patients treated with 
placebo had no substantial change in HbA1c levels at this time point.
Conclusion: These preliminary data indicate that 1mg and 3mg of BHT-3021 is 
safe and may preserve ß-cell function as well as improve glycemic control. Com-
plete 6 month data on 0.3mg and 6mg of BHT-3021 are expected by June 2009. 

Supported by: Bayhill Therapeutics, Inc., and JDRF
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Autoimmunity and obesity in children and young adolescents
C. Guglielmi1, S.R. Eldrich2, C. Tiberti3, R. Buzzetti3, S. Caprio4, P. Pozzilli1; 
1University Campus Bio Medico, Roma, Italy, 2Michigan University, Ann 
Arbor, United States, 3Sapienza University, Roma, Italy, 4Yale University, 
New Heaven, United States.

Background and aims: A few obese youths with diagnosis of type 2 diabetes 
have evidence of islet-cell autoimmunity. The increasingly ‘obesogenic’ en-
vironment which favours insulin resistance could account for the develop-
ment of islet cell autoimmunity through different mechanisms. Blood glucose 
concentrations are controlled by a loop incorporating two components, the 
beta cells which secrete insulin and the insulin sensitive tissues (liver, mus-
cle, adipose) which respond to it. The accelerator hypothesis identifies three 
processes which variably accelerate beta cell loss: constitution, insulin resist-
ance and the immune response to it. None of the accelerators leads to diabe-
tes in the absence of weight gain, a condition which may explain the rising 
incidence of all diabetes in the developed and developing world. Raised blood 
glucose accelerates beta cell apoptosis (glucotoxicity) and, by increasing beta 
cell immunogenicity, further accelerates apoptosis in subjects genetically pre-
disposed to intense immune response. Accordingly, body mass is central to 
the development and rising incidence of all types of diabetes including type 
1 diabetes (T1D).
Materials and methods: In order to throw new light on this hypothesis, we 
have investigated pancreas, thyroid and gastric autoimmunity in a population 
of obese children/young adolescents with normal glucose tolerance (n=251; 
109 males and 142 females), impaired glucose tolerance (IGT) (n=113; 53 
males and 60 females) and type 2 diabetes (T2D) (n=15; 4 males and 11fe-
males). These subjects had a BMI ≥ 30 and their mean age was 13.6, 13.4 and 
13.7 years, respectively.
Results: Mean basal/2 hours post glucose insulin levels were 32/168, 41/320 
and 58/454 uU/ml, in normal, IGT and T2D subjects, respectively. GAD 
autoantibodies were detected in 6/251 (2.4%) obese subjects but in none of 
IGT or T2D subjects. Insulin autoantibodies were detected in 1 obese subject 
whereas IA-2 autoantibodies were negative in all subjects tested. Further-
more, we detected anti-TPO (thyroperoxidase) autoantibodies in 3/6 GAD 
positive subjects. Finally anti gastric parietal cells and anti 21-hydroxylase 
autoantibodies were negative in all subjects tested.
Conclusion: Considering that GAD autoantibodies are detectable in 0.5% of 
control school children with normal body weight, we conclude that obesity 
may lead to a significant increase of islet cell autoimmunity in normal youths, 
a finding in line with the accelerator hypothesis.

190
Zinc transporter 8 autoantibody profiles in patients with recently 
diagnosed type 1 diabetes
S. Krause1, U. Mollenhauer2, A. Jäger2, V. Lampasona3, E. Bonifacio4,  
A.-G. Ziegler1,2, P. Achenbach1,2; 
1Diabetes Research Group, Munich University of Technology, Germany, 
2Diabetes Research Institute, Forschergruppe Diabetes e.V. at Helmholtz 
Center Munich, Neuherberg, Germany, 3San Raffaele Scientific Institute, 
Milan, Italy, 4Center for Regenerative Therapies, Dresden University of 
Technology, Germany.

Background and aims: Zinc transporter 8 (ZnT8) has been identified as a 
new target-antigen for autoantibodies in type 1 diabetes. The specificity of 
ZnT8 autoantibodies (ZnT8A) can vary with respect to binding of two ZnT8 
allelic variants carrying at amino acid 325 either arginine (R325) or tryp-
tophan (W325). This study was to determine ZnT8A profiles in patients with 
recent-onset type 1 diabetes.
Materials and methods: ZnT8A were measured in sera of 202 young pa-
tients from Germany with recently diagnosed diabetes (median time from 
diagnosis 1 day, IQR 0-7; median age 8.8 years, IQR 5.2-12.8, range 1.2-18.9) 
using Protein A-based radiobinding assays and COOH-terminal constructs 
of the R325 or W325 variants of human ZnT8. Autoantibodies to glutamate 
decarboxylase (GADA) and insulinoma-associated protein 2 (IA-2A) were 
also measured in all samples, as were insulin autoantibodies (IAA) in samples 
from patients obtained within the first two weeks of diagnosis.
Results: ZnT8A were detected in 122 (60%) patients, among them 121 of 
176 (69%) with positive other islet autoantibodies (GADA, IA-2A, IAA) 
and 1 of 26 patients who were negative for other autoantibodies (P<0.0001). 
Age at diagnosis did not differ between autoantibody-positive and negative 

patients (P=0.9). Among the 122 ZnT8A positive patients, 41 (34%) had 
antibodies that only bound the ZnT8 R325 variant, 11 (9%) had antibod-
ies that only bound with the ZnT8 W325 variant, and 70 (57%) had anti-
bodies that bound with both ZnT8 R325W variants. Prevalence of ZnT8A 
restricted to one of the ZnT8 variants was not associated with age at diag-
nosis (P=0.9). ZnT8A were more often found in patients who already had 
autoantibodies against two or more islet autoantigens other than ZnT8: 25 
of 45 (56%) patients previously classified as single autoantibody-positive 
were ZnT8A-positive, as compared to 96 of 131 (73%) with multiple au-
toantibodies (P=0.03).
Conclusion: Autoimmunity against the COOH-terminal region of ZnT8 is a 
common feature in young patients with recent-onset type 1 diabetes. ZnT8A 
are more often found in patients with a more widespread antibody-response 
to multiple islet autoantigens. Testing for ZnT8 antibodies should be per-
formed against the two major polymorphic variants.
Supported by: BMBF (Kompetenznetz Diabetes mellitus) and JDRF
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Human mesenchymal stem cells modulate cellular immune response to 
islet antigen GAD in type 1 diabetes
E. Favaro1, I. Miceli1, I. Ossola1, C. Caorsi2, M. Giovarelli2, P. Cavallo Perin1, 
G. Camussi1, M.M. Zanone1; 
1Department of Internal Medicine, 2Department of Medicine and 
Experimental Oncology, University of Turin, Italy.

Background and aims: MSCs can exert an immunoregulatory activity, 
modulating several T cell functions, and exerting a profound immunosup-
pressive effect on virtually any component of the immune system, in a MHC-
independent way. Studies on the immunomodulatory potential of MSC in 
type 1 diabetes, a Th1-mediated autoimmune disease, are lacking. We aimed 
to evaluate whether human bone marrow-derived MSCs may inhibit islet 
antigen specific T cell activation in type-1 diabetes. To elucidate the MSC 
immunoregulatory activity, in vitro co-culture experiments with GAD-chal-
lenged PBMCs obtained from type-1 diabetic patients were performed and 
the number of IFN-gamma producing T cells and the release of IFN-gamma 
were evaluated. To investigate the underlining mechanisms, changes in T cell 
cytokine profile, to dissect a pro-inflammatory or anti-inflammatory pheno-
type, and the role of PGE2 were explored.
Materials and methods: IFN-gamma, IL-4 and IL-10 ELISPOT responses to 
GAD in 9 new-onset type 1 diabetic patients were evaluated in PBMC cocul-
tures and parallel PBMC-hMCSs cocultures. A SI (ratio of mean spot number 
in the presence of GAD to number in the presence of diluent) ≥ 3 was chosen 
as positive in ELISPOT assay. Levels of prostaglandin E2 (PGE2), IFN-gam-
ma, IL-4 and IL-10 in supernatants were measured by ELISA. PGE2 inhibi-
tion experiments with NS-398 and indomethacin were also performed.
Results: By IFN-gamma ELISPOT, 5 diabetic patients showed a positive re-
sponse to GAD. The presence of MSCs (1:1 ratio) resulted in a decrease in the 
number of spots in the IFN-gamma ELISPOT in the presence of GAD (mean 
spots without MSCs 53.8 ± 32, with MSCs 11.8 ± 8, p < 0.05). Coculture 
transwell experiments, in which MSCs were separated from PBMCs, failed 
to inhibit the response, indicating that the MSC effect required a physical 
interaction. Further, supernatants from MSCs did not inhibit the response 
to GAD. MSCs incubation with the PGE2 synthesis inhibitors abrogated the 
immune suppressive effect on GAD induced IFN-gamma T cell response. In 
cocultures, IL-10 secreting cells were not detectable by ELISPOT in response 
to GAD whereas IL-4 secreting cells were detected. This was confirmed by 
ELISA that showed that hMCSs significantly inhibited the IFN-gamma pro-
duction, and increased the IL4 and PGE2 production. Inhibitors of PGE2 
abrogated MSCs-mediated immune modulation.
Conclusion: In the present study we found that allogenic human MSCs can 
abrogate in vitro a pro-inflammatory Th1 response to an islet antigenic stimu-
lus, in new onset diabetic patients. The contact between T cells and MSCs in 
all patients responding to GAD consistently abrogated the T cell production 
of IFN-gamma, assessed in vitro at the single cell level by ELISPOT and in-
hibited IFN-gamma secretion. MSCs induced in PBMC of responder patients 
IL-4 producing cells and IL-4 secretion, suggesting a possible switch to an 
anti-inflammatory Th2 signalling of T cells. Moreover, we found that the con-
tact between MSCs and PBMC is required and enhanced PGE2 production.
Supported by: Ricerca Sanitaria Finalizzata, Regione Piemonte, Italy
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Adipose tissue development in non-obese diabetic mice is controlled by 
the Toll-like receptor 4
E. Gülden, K. Sakai, J. Weiß, C. Habich, V. Burkart; 
German Diabetes Centre, Düsseldorf, Germany.

Background and aims: Recent studies point to an effect of body weight de-
velopment on the progression of type 1 diabetes (T1D). The body weight is 
largely determined by the adipose tissue mass, which mainly consists of adi-
pocytes, a cell type sharing basic features with innate immune cells. Activa-
tion and differentiation of innate immune cells are under strict control of 
Toll-like receptors (TLR) which mediate the recognition of antigenic micro-
bial structures but may also be involved in the induction of autoimmunity. 
In a recent study we observed that TLR4, a prominent member of the TLR 
family, has a significant impact on the pathogenesis of autoimmune diabetes 
in non-obese diabetic (NOD) mice. Based on these considerations the cur-
rent study was designed to investigate whether TLR4 is able to modulate the 
progression of insulin deficiency diabetes by controlling adipose tissue devel-
opment in the NOD mouse.
Materials and methods: Our studies were performed in NOD mice carrying 
the spontaneous TLR4 defect of the C57BL/10ScCr (TLR4-/-) mouse and in 
the non diabetes-prone mouse strain C57BL/10ScSn (TLR4+/+) and its related, 
TLR4-deficient strain C57BL/10ScCr. The development of diabetes and body 
weight was monitored and thin sections of visceral adipose tissue were evalu-
ated morphometrically. Isolated adipocytes were differentiated in vitro in the 
presence of the TLR4 ligand lipopolysaccharide (LPS). LPS-responsiveness 
of the cells was assessed by the release of interleukin-6 (IL-6) and monocyte 
chemoattractant protein-1 (MCP-1) as determined by ELISA.
Results: Female NOD TLR4-/- mice showed a significant acceleration of dia-
betes development (p<0.01). Until the age of 21 weeks 8.3 % of NOD TLR4+/+ 
mice but 71.4 % of NOD TLR4-/- mice developed diabetes. Accelerated dia-
betes development was associated with significantly increased body weight 
(p<0.0001). At the age of 21 weeks the body weight of NOD TLR4+/+ mice 
was 25.4 ± 1.4 g and of NOD TLR4-/- 27.5 ± 2.3 g. In female mice of the 
C57BL/10Sc strain TLR4 had no significant effect on body weight develop-
ment. At the age of 21 weeks C57BL/10ScSn (TLR4+/+) mice weighed 27.5 ± 
2.4 g and C57/BL10ScCr (TLR4-/-) mice weighed 27.4 ± 1.8 g. Histological 
analyses of adipose tissue revealed smaller adipocyte sizes (668 ± 413 μm2) in 
NOD TLR4-/- mice when compared to the tissue of NOD TLR4+/+ mice (963 
± 776 μm2) (p<0.01). Compared to NOD TLR4+/+ mice the adipose tissue of 
NOD TLR4-/- mice contained a 2.9 - 4.1 fold higher proportion of cells with 
the morphology of immature preadipocytes including multiple lipid droplets. 
Preadipocytes isolated from NOD TLR4+/+ mice express TLR4 and showed a 
dose- and time-dependent release of the inflammatory mediators IL-6 and 
MCP-1 in response to LPS. NOD TLR4-/- adipocytes were largely unrespon-
sive to LPS. The potential effect of TLR4 on the development of the inflam-
matory activity of mature NOD mouse-derived adipocytes was investigated 
by continuous LPS-exposure of cells during in vitro differentiation. Chronic 
TLR4 activation during adipocyte differentiation significantly reduced LPS-
induced IL-6 release from 1.9 ± 0.1 to 1.1 ± 0.1 ng/ml and MCP-1 release 
from 57.3 ± 14.0 to 45.4 ± 9.1 ng/ml.
Conclusion: Our results identify TLR4 as a regulator of the differentiation 
and the inflammatory activities of adipocytes in NOD mice. The findings fur-
ther implicate that TLR4 affects the progression of autoimmune diabetes in 
NOD mice by controlling the development of adipose tissue.
Supported by: DFG
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Activation of the CaMKK/CaMKIV cascade by exendin-4 stimulates 
ABCA1 expression in pancreatic beta cells
H. Imachi, K. Murao, J. Li, T. Muraoka, F. Kikuchi, T. Yoshimoto, T. Ishida; 
Faculty of Medicine, Kagawa University, Japan.

Background and aims: The insulin secretagogue hormone GLP-1 (glucagon-
like peptide-1) and its long-acting agonist exendin-4 are new treatment agents 
for diabetes. GLP-1 stimulates glucose-dependent insulin secretion and low-
ers blood glucose levels. ATP-binding cassette transporter A1 (ABCA1) is 
a pivotal regulator of lipid efflux from cells to apolipoproteins and plays an 
important role in reverse cholesterol transfer. Recent reports indicate that 
ABCA1 in pancreatic βcells influences insulin secretion and glucose homeos-
tasis. This study investigates whether exendin-4 which medicates stimulatory 
effects on ABCA1 gene expression, could interfere with the Ca2+/calmodulin 
(CaM)-dependent protein kinase (CaMK) cascade.
Materials and methods: ABCA1 expression was examined by real-time 
polymerase chain reaction (PCR), Western blot analysis, and reporter gene 
assay in rat insulin-secreting INS-1 cells incubated with exending-4. CaM-
KIV activity was assayed by detection of activation-loop phosphorylation 
(Thr196) of CaMKIV. We investigated the influence of the constitutively ac-
tive form (CaMKIVc) or dominant-negative mutant (CaMKIVdn) of CaM-
KIV on ABCA1 promoter activity.
Results: Increased abundance of ABCA1 protein was noted in response to 
rising concentrations of exendin-4 with maximum induction at 10 nM. Real-
time PCR analysis showed at significant increase in the abundance of ABCA1 
mRNA in response to rising concentration of exendin-4. Exendin-4 also 
stimulated ABCA1 promoter activity, but failed to do so in the presence of 
STO-609, a CaMKK inhibitor. Next we examined CaMKIV, one of the down-
stream effecter kinases of CaMKK to determine which downstream effecter 
kinases of CaMKK is imvolved this mechanism. Upregulation of CaMKIVc 
phosphorylation (at Thr196) peaked after 10 min of exposure to exendin-4. 
CaMKIVc enhanced or upregulated ABCA1 promoter activity in INS-1 cells. 
Furthermore, cotransfection of the CaMKIVdn significantly suppressed the 
exendin-4-upregulated activity of the ABCA1 promoter.
Conclusion: Activation of the CaMKK/CaMKIV cascade by exendin-4 stim-
ulated ABCA1 gene transcription, indicating that exendin-4 plays an impor-
tant role in insulin secretion in pancreatic β cells.

194
Effect of GLP-1 and Exendin-4 on GLUT-2 and GLUT-4 expression in 
insulin-resistant state
P. Moreno, B. Nuche-Berenguer, I. Gutierrez-Rojas, N. González,  
I. Valverde, M.L. Villanueva-Peñacarrillo; 
Metabolism, Nutrition and Hormones, Fundacion Jimenez Diaz, Madrid, 
Spain.

Background and aims: GLP-1 is an incretin with andiabetic properties, 
that acting through specific receptors directly stimulates glucose transport 
and metabolism in extrapancreatic tissues -liver, muscle and fat-, where also 
controls the expression of the main glucotransporter, in normal and diabetic 
states. Exendin-4 (Ex-4), structurally homologous to GLP-1 but more stable 
when in plasma circulation, shares with GLP-1 many of its glucoregulatory 
and other actions. Here we studied the effect of GLP-1 and Ex-4, in prolonged 
treatment, on GLUT-2 and GLUT-4 expression in liver and muscle, respec-
tively, of insulin-resistant (IR) rats, compared to normal (N).
Materials and methods: IR model was induced in male Wistar rats by chron-
ic feeding -8 weeks- with standard chow combined with D-fructose (20% in 
the drinking water). IR (n=5-10 rats/group) and N (n=5-10 rats/group) rats 
were 3-days treated with saline (control), GLP-1 (0.86 nmol/kg/h) or Ex-
4 (0.1nmol/kg/h); blood samples were taken before and by the end of the 
treatment for plasma glucose and insulin (RIA) measurements; GLUT-2 and 
GLUT-4 expression -protein, by Western blot and mRNA, by RT-PCR- was 
respectively studied in liver and muscle; liver glycogen content was enzymati-
caly measured.
Results: In the muscle, GLUT-4-protein in IR was higher than normal 
(243±39% N-control, p<0.05), and so it was the mRNA (3.8±1.0 times N-
control, p<0.05); in N, GLP-1 treatment slightly reduced GLUT-4-pro-
tein (77±8% N-control, p<0.05) and increased the mRNA (12.5±2.9 times 
N-control, p<0.01), while in IR, GLP-1 stimulated both GLUT-4-protein 
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(383±59% IR-control, p<0.02) and mRNA (15.7± 3.5 times IR-control, 
p<0.01); Ex-4 treatment in N stimulated both GLUT-4 protein (122±2% N-
control, p<0.001) and mRNA (1.6±0.2 times N-control, p<0.02), and further 
increased the protein value in IR (176±27% IR-control, p<0.05) as well as 
the mRNA (30±10 times IR-control, p<0.01). In the liver, GLUT-2 protein 
in IR was lower (p<0.01) than normal (66±8% N-control) while the mRNA 
was higher (8.1±1.4 times N-control, p<0.001); in N, GLP-1 treatment de-
creased the GLUT-2-protein value (81±3% N-control, p<0.05) and also the 
mRNA (0.43±0.13 times N-control, p<0.05), confirming previous observa-
tions, while Ex-4 induced a stimulation in the protein (174±18% N-control, 
p<0.02) without altering the mRNA; in IR, GLP-1 and Ex-4 both increased 
GLUT-2 protein (GLP-1: 223±28% IR-control; Ex-4: 187±17%, both p<0.01), 
and in a very high extent, the mRNA (overall mean: 567±42 times IR-con-
trol). Liver glycogen content in IR (52±4 µg/mg protein) was much lower 
(p<0.001) than that in N (395±34 µg/mg protein); neither GLP-1 nor Ex-4 
treatment modified the value in N, but both similarly increased that in IR 
(GLP-1: 73±6 µg/mg protein, p<0.01 vs IR-control; Ex-4: 88±13 µg/mg pro-
tein, p<0.05 vs IR-control).
Conclusion: The increase in the reduced liver glycogen content of IR rats, 
after GLP-1 or Ex-4 treatment, could be accounted by their stimulating effect 
upon GLUT-2 gene expression, at the transcriptional and translational level. 
The previously reported normalizing action of GLP-1 and Ex-4 upon mus-
cle glucose transport could also be due to their increasing effect on GLUT-4 
expression.
Supported by: Research Grant from the Ministry of Health
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Oleic acid ingestion increases its concentration in the terminal ileum and 
directly stimulates glucagon-like peptide-1 secretion in protein kinase 
Cζ-dependent manner
R. Iakoubov1, A. Ahmed1, L.M. Lauffer1, R.P. Bazinet2, P.L. Brubaker1,3; 
1Physiology, 2Nutritional Sciences, 3Medicine, University of Toronto, 
Canada.

Background and aims: Luminal nutrients, especially long-chain fatty acids (e.g. 
oleic acid; OA) increase secretion of the insulinotrophic hormone, glucagon-like 
peptide-1 (GLP-1) from the intestinal L cells in the terminal ileum and colon. 
However, it is currently not known whether OA ingestion causes a sufficient 
increase in distal luminal OA as required for GLP-1 secretion. Furthermore, our 
lab recently proposed a protein kinase Cζ (PKCζ)-dependent mechanism for 
OA-induced GLP-1 secretion in vitro; however, its in vivo relevance remained 
unknown. Therefore, we determined both luminal and tissue OA concentrations 
in fasted and OA-fed rats, and examined the effects of direct OA-stimulation on 
GLP-1 secretion using a novel model of intestinal PKCζ knockdown.
Materials and methods: To assess the effects of OA ingestion, fasted Wis-
tar rats (150-250g) received an oral gavage (OG) with 2.5 ml OA solution 
(90% pure). The rats were sacrificed at 0-120min, followed by collection of 
plasma samples, and chyme and tissue samples from the terminal ileum. The 
lipid fraction was analyzed by flame-ionisation chromatography. For PKCζ 
knockdown, we developed a PKCζ siRNA- and GFP-expressing adenovirus; 
the knockdown efficiency was verified in vitro by western blot of GLUTag 
cells, an L cell line. The feasibility and safety of intracolonic infusion (ICI) 
were assessed by barium ICI and X-ray. Therefore, ICI of OA was performed 
in fasted rats to directly stimulate the intestinal L cells, followed by blood 
collection at 0-60min. Some rats received prior ICI of 10^9 pfu/ml PKCζ siR-
NA-adenovirus to induce intestinal knockdown, followed by 3 days recovery 
and then ICI of OA. Plasma glucose, insulin and bioactive GLP-1 levels were 
detected by glucose analyzer, ELISA and ECL-based bioassay, respectively.
Results: Chyme from the fasted rats contained 0.75±0.39μmol/g OA; this 
was slightly increased at 20 (0.90±0.15μmol/g) and 40 min (1.03±0.16μmol/
g) after OG, and was markedly elevated after 60 (105.4±50.0μmol/g, p<0.01) 
and 120 min (52.6±48.8μmol/g, p<0.05). While the tissue OA content did 
not change during the 2hr, OA plasma levels increased after OG, from 
37.0±8.3μM in fasted rats to 80.2±20.5μM after 60 and 81.5±16.7μM after 
120 min (p<0.05). To evaluate the direct effects of OA on GLP-1 secretion, 
125 mM (124 µmol/g) of OA was infused into the colon and terminal ileum 
of anaesthetized, sitagliptin-treated rats. OA infusion did not affect glucose 
or insulin levels; however, GLP-1 plasma levels increased from 19.7±6.2pg/ml 
in fasting rats to 68.6±15.9pg/ml after 30 (p<0.05 vs. basal and control) and 
102.2±21.3pg/ml after 60 min (p<0.01 vs. basal and control). Furthermore, 
pretreatment of rats with the PKCζ siRNA-adenovirus, induced intestinal 
GFP expression, and caused up to a 75% reduction in the GLP-1 secretory 
response to ICI of OA.

Conclusion: Following oral ingestion, OA levels in the terminal rat gut are 
sufficient to induce GLP-1 secretion. Furthermore, PKCζ is necessary for 
OA-induced GLP-1 secretion in vivo, thereby supporting the role of PKCζ 
as a novel therapeutic target to enhance GLP-1 levels in patients with type 2 
diabetes. Finally, adenovirus-mediated intestinal knockdown is a promising 
technique to investigate intestinal physiology when knockout models are not 
viable or available.
Supported by: CIHR and NSERC grants (RPB); CDA grant and Canadian Re-
search Chair program (PLB)
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Sugar detection by GLUT2 is involved in GLP-1 secretion and incretin 
effect
A. Ait Omar, A. Grosfeld, M. Le Gall, A. Benkouhi, E. Brot-Laroche,  
A. Leturque, P. Serradas; 
UMRS 872, Centre de Recherche des Cordeliers, Paris, France.

Background and aims: GLUT2 is a sugar transporter but also a membrane re-
ceptor sensitive to variation of extracellular sugar concentrations. It triggers a 
signalling cascade indicating to the cells how to adapt functions to sugar envi-
ronment. We created a transgenic mouse with impaired signalling downstream 
GLUT2 (GLUT2-SDD sugar detection deficient mice) and demonstrated in 
vivo the importance of this signalling pathway in the regulation of glucose 
homeostasis, renal glucose re-absorption and insulin secretion in response to 
glucose (Stolarczyk et al., PLOSone 2007). GLP-1 is secreted by intestinal L-
cells after nutrient ingestion and increased insulin secretion from pancreatic 
beta-cells during hyperglycemia contributing to the incretin effect. The aim of 
the present study was to investigate the impact of sugar sensing triggered by 
GLUT2 on GLP-1 production by enteroendocrine cells in GLUT2-SDD mice.
Materials and methods: Isoglycaemic oral (3.6 g/Kg) and intraperitoneal 
(ip) glucose administration were performed on 10-week-old GLUT2-SDD 
and control mice fasted for 24h. The same mice were used for both types of 
glucose tolerance test (oral and ip) with an interval of one week. GLP-1 and 
insulin secretion responses were measured during oral and ip tests using mul-
tiplex technology. Intestinal GLP-1 content was determined by conventional 
ELISA. L-cell morphology was evaluated in intestine of the two groups of 
mice by GLP-1 immunofluorescence.
Results: Glucose intolerance was observed in GLUT2-SDD mice only in 
response to oral glucose load. Indeed, ip glucose injection induced a simi-
lar response in GLUT2-SDD and control mice. The glycaemia areas under 
curve were respectively in control and transgenic mice 670±50 and 930±50 
mg.dl-1.min-1 (p<0.05) during the oral load, whereas they were 1410±90 and 
1610±100 mg.dl-1.min-1 during ip administration. As expected the compari-
son between oral versus ip glucose administration in control mice showed 
that insulin secretion was higher during the oral test than during the ip test 
(area under curve respectively 220±20 and 101±16 pM. min-1 p<0.01). In 
contrast, no difference in insulin secretion was observed in transgenic mice 
in response to oral compared to ip glucose administration (area under curve 
respectively 140±20 and 120±20 pM. min-1), suggesting a loss of incretin ef-
fect in GLUT2-SDD mice. In accordance with these results, GLP-1 secretion 
in control mice was increased 5 minutes after oral glucose load but not after 
ip administration (p<0.05) whereas the oral glucose-induced GLP-1 secre-
tion was absent in transgenic mice. L-cell morphology and intestinal GLP-1 
content appeared preserved in GLUT2-SDD mice compared to controls, sug-
gesting that glucose detection by GLUT2 is involved in GLP-1 secretion but 
not in GLP-1 production since intestinal hormonal content is not impaired.
Conclusion: These findings show that insulin response to oral glucose partly 
relies on efficient secretion of GLP-1, which depends on adequate sugar de-
tection by GLUT2 in the intestine.
Supported by: a French MRT PhD fellowship
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GIP and GLP-1 normalize glucose tolerance by normalizing islet 
adaptation to insulin resistance without increasing glucose effectiveness 
in high-fat fed mice
G. Pacini1, B. Ahren2; 
1Metabolic Unit, ISIB-CNR, Padova, Italy, 2Clinical Sciences, Lund 
University, Lund, Sweden.

Background and aims: Insulin resistance is adaptively compensated by an 
increase of insulin secretion and glucose effectiveness. However, these ad-
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aptations are inadequate in mice after high-fat feeding that yields markedly 
reduced glucose elimination after intravenous glucose, because of insufficient 
hyperinsulinemia and glucose effectiveness. We investigated whether these 
defective adaptations can be normalized by the incretin hormones glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 
(GLP-1).
Materials and methods: C57BL/6J mice were fed a normal chow (ND, 11%) 
or a diet with 60% fat for 8 weeks (HD). After a baseline blood samples was 
taken, a bolus injection of glucose at 35 g/kg with or without addition of syn-
thetic GIP or GLP-1 (at 0.03, 0.3 or 3 nmol/kg) was given intravenously fol-
lowed by six blood samples taken within 50 (normal diet) or 75 min (high-fat 
diet) for analysis of glucose and insulin. Data were analyzed with minimal 
model that provides insulin sensitivity index (SI) and glucose effectiveness 
(SG). Insulin secretion was assessed as the increase in insulin levels during 
the first 5 min after injection (dAIR), and glucose elimination was estimated 
as the percent reduction of glucose (after logarithmic transformation) during 
the first 20 min after administration (KG). Beta-cell adaptation was calculated 
as SI×dAIR (disposition index, DI) and beta-cell function as delta peak insu-
lin/delta peak glucose.
Results: KG was lower in HD fed mice (P<0.001). At 0.03 nmol/kg, neither 
GIP nor GLP-1 significantly affected KG in HD; at 0.3 nmol/kg, the incretins 
significantly increased KG, but not to normal values. However, at 3 nmol/kg, 
KG was completely normalized by both GIP (2.28±0.22, n=11) and GLP-1 
(1.96±0.24, n=17). This was associated with markedly increased dAIR and 
beta-cell function (p<0.001); SI was not affected, but the resulting DI was 
completely normalized. In contrast, SG, which was increased by HD, was 
slightly reduced, but not normalized, by the incretins.
Conclusion: GIP and GLP-1 completely normalize the glucose elimination 
in severe insulin resistance in mice after high-fat feeding by normalizing the 
disposition index; this derives from marked upregulation of the islet adapta-
tion to insulin resistance without any effect on insulin sensitivity and with no 
improvement of insulin-independent mechanisms of glucose elimination.

Metabolic parameters
ND (n=48) HD (n=49) HD with incretins 

(n=28)
Body weight (g) 22.1±0.2 35.6±0.9 36.6±1.2
KG (% min-1) 1.96±0.12 1.35±0.10 2.10±0.20
SI (min-1/(pmol/l)) 1.14±0.09 0.51±0.06 0.56±0.04
dAIR (pmol/l) 1096±69 594±64 2207±151
DI 12.8±1.3 2.8±0.4 12.7±1.2
SG (min-1) 0.040±0.002 0.096±0.010 0.074±0.006
beta-cell sensitivity 134±9 69±7 273±26

Supported by: Swedish Research Council
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Metformin activates the AMPK pathway and improves survival of 
murine and human L-cells but does not directly increase GLP-1 secretion
L.M. Lauffer1, A. Grieco1, R. Iakoubov1, P.L. Brubaker1,2; 
1Physiology, 2Medicine, University of Toronto, Canada.

Background and aims: Intestinal L-cells secrete the hormone glucagon-like 
peptide-1 (GLP-1) in response to nutrients and other secretagogues; GLP-
1 then increases both insulin secretion and satiety. GLP-1 analogs and deg-
radation inhibitors are therefore now in use as therapy for type 2 diabetes. 
Metformin, a well-established anti-diabetic drug, is known to increase cir-
culating GLP-1 levels in humans through a mechanism that does not involve 
decreased GLP-1 degradation but may, possibly, include increased release of 
GLP-1, enhanced L cell proliferation and decreased L cell apoptosis.
Materials and methods: Human (NCI-H716) and mouse (GLUTag) L-cell 
lines were incubated for 2 hr with medium alone, oleoylethanolamide (OEA: 
5-20μM; a novel GPR119-dependent GLP-1 secretagogue, positive control), 
metformin (5-150μM) or the AMPK-activator AICAR (0.1-1mM; positive 
‘AMPK’ control) prior to RIA for GLP-1 secretion. Activation of the AMPK 
pathway was verified in both cell lines by presence of phospho-AMPK (nor-
malized to total AMPK), as detected by western blot. To assess L cell sur-
vival, GLUTag cells were treated for 24 hr with metformin (150μM), AICAR 
(1mM) or OEA (10μM), followed by induction of apoptosis with cytokines 
or staurosporine, and immunoblot for cleaved Caspase-3, an early marker 

of apoptosis. L cell proliferation following the same treatment (metformin, 
AICAR or OEA) was assessed by 3H-thymidine incorporation.
Results: Treatment of NCI-H716 or GLUTag cells with different concentra-
tions of metformin or AICAR did not increase GLP-1 secretion (n=6-9); 
in contrast, treatment with OEA increased GLP-1 release by 2.6±0.2-fold 
(p<0.001) and 2.1±0.2-fold of basal (p<0.001), in NCI-H716 and GLUTag 
cells (n=6-9), respectively. Treatment with metformin (150μM) or AICAR 
(0.1mM) did not affect normalized phospho-AMPK levels after 1 hr of treat-
ment in either cell line; however, metformin increased phospho-AMPK levels 
in NCI-H716 cells by 1.8- and 1.7-fold, after 6 and 24 hr, respectively (n=3), 
while AICAR induced a nearly 2-fold increase in phospho-AMPK levels after 
24, but not after 6 hr. In contrast, both metformin and AICAR increased the 
normalized phospho-AMPK in GLUTag cells by 1.5- and 1.8-fold, respec-
tively, after 6, but not after 24 hr of treatment (n=3). Finally, incubation of 
GLUTag cells with metformin (150μM), AICAR (1mM) and OEA (10μM) 
decreased L-cell apoptosis by 33±4% (p<0.01), 8±1% (p<0.01) and 33±6% 
(p<0.01), respectively. While the same concentrations of metformin and OEA 
did not affect proliferation of the GLUTag cells, AICAR increased prolifera-
tion by 74±7% compared to control (p<0.001).
Conclusion: Although metformin is known to increase GLP-1 levels in pa-
tients, our study demonstrates that doses of metformin comparable to plasma 
levels achieved in such patients do not directly stimulate GLP-1 release from 
intestinal L cell lines; however, metformin improves survival of the L cells by 
decreasing apoptosis, potentially by modulating the AMPK signaling path-
way. Nonetheless, the mechanism of action of metformin to increase GLP-
1 levels in humans in vivo needs further exploration. Taken together, these 
findings suggest that use of metformin, possibly in combination with a direct 
GLP-1 secretagogue, such as OEA, and a GLP-1 degradation inhibitor, may 
lead to a favorable GLP-1 profile in patients with type 2 diabetes.
Supported by: IISP Merck grant, CDA grant, Canadian Research Chair Pro-
gram (PLB)
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OP 34 Life and death of beta cells
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The Fas apoptotic inhibitory protein TOSO induces proliferation in 
human beta cells
G. Dharmadhikari1, M.K. Muehle2, F.T. Schulthess1, J. Kerr-Conte3,  
F. Paroni1, K. Maedler1; 
1Centre for Biomolecular Interactions, University of Bremen, Germany, 
2University of California, United States, 3Thérapie Cellulaire du Diabète, 
Lille, France.

Background and aims: Decreased β-cell mass reflects a shift from quiescence/ 
proliferation into apoptosis, it plays a crucial role in the pathophysiology of 
type 1 and type 2 diabetes and limits the outcome of islet transplantation. A 
major apoptotic pathway which triggers glucose- and autoimmunity- medi-
ated β-cell apoptosis is the activation of the Fas/FasL system. Here we show 
that switching the Fas pathway using Fas apoptotic inhibitory protein (Faim/ 
TOSO), which regulates apoptosis upstream of caspase 8, is a promising tar-
get to block β-cell apoptosis and to increase proliferation.
Materials and methods: TOSO expression in pancreatic sections was ana-
lyzed by immunofluorescence in 8 patients with T2DM and 8 healthy con-
trols. Human isolated islets were exposed to increasing glucose (5.5-33.3 
mM) and IL-1β (0.1-5 ng/ml) with and without TOSO down-regulation by 
siRNA (siTOSO) or β-cell specific TOSO over-expression by RIP-TOSO plas-
mid transfection. Apoptosis, proliferation and TOSO expression were ana-
lyzed. To answer the question if there is a sub-population of β-cells in human 
islets in culture, which is especially replication-active, we incorporated the 
thymidine analogs 5-chloro-2-deoxyuridine (CldU) and 5-iodo-2-deoxyuri-
dine (IdU) into cultured β-cells after TOSO transfection and measured cycles 
of proliferation.
Results: Triple immunostaining for TOSO, insulin and glucagon in pancreat-
ic sections of healthy controls and patients with T2DM revealed that TOSO is 
clearly expressed in the β-cells and down-regulated in diabetes. We observed 
a 5.5-fold increase in TOSO by short-term incubation of islets with glucose 
(12 h), a condition when glucose induced proliferation (1.8-fold increase in 
Ki67 positive β-cells). In contrast, TOSO was down-regulated to almost un-
detectable levels after long-term incubation for 72 h, a condition where glu-
cose induced β-cell apoptosis (2.5-fold increased β-cell apoptosis at 33.3 mM 
compared to 5.5 mM glucose). Previously, we have found that the cytokine 
IL-1β has a dual role on β-cell turnover; it induces proliferation at low dose 
and apoptosis at high dose. In line with this finding, low dose IL-1β induced 
and high dose almost depleted TOSO mRNA expression. These studies lead 
to the hypothesis that TOSO may regulate a switch between proliferation and 
apoptosis in the β-cell.
To investigate the physiological role of TOSO, we over-expressed and deplet-
ed TOSO in the β-cell. Incubation of human islets with siTOSO for 4 days 
depleted TOSO expression together with 3.5-fold induction of apoptosis. β-
cell apoptosis was 4-fold increased by the cytokine mix IL-1β and IFNγ and 
3.5-fold by 33.3 mM glucose, which was prevented by RIP-TOSO over-ex-
pression. On day 2 and 4 after RIP-TOSO transfection, we incorporated the 
thymidine analogs 5-chloro-2-deoxyuridine (CldU) and 5-iodo-2-deoxyuri-
dine (IdU), respectively, into cultured islets. RIP-TOSO resulted in a 3.5-fold 
induction of proliferation. Only a small percentage (~2%) of the proliferating 
β-cells were co-labeled for CldU and IdU suggesting a very limited capacity 
of β-cells to undergo multiple rounds of proliferation.
Conclusion: Our data suggest that TOSO is an important regulator of β-cell 
turnover and could be an important tool to switch β-cell apoptosis into pro-
liferation and to maintain and generate a sufficient β-cell mass.
Supported by: DFG Emmy Noether Programs to KM
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Protective roles of S-nitrosoglutathione reductase (GSNOR), a negative 
regulator of protein S-nitrosylation, in obesity- and streptozotocin-
induced diabetes
M. Kaneki1, Y. Chiba1, M. Fukaya1, M. Sakai1, S. Shinozaki1, T. Kitamura2, 
H. Ito3, J. Stamler4; 
1Dept. of Anesthesia and Critical Care, Massachusetts General Hospital, 
Harvard Medical School, Charlestown, United States, 2Metabolic Signal 
Research Center, Gunma University, Japan, 3Dept. of Internal Medicine, 
Tokyo Metropolitan Geriatric Institute, Japan, 4Dept. of Internal Medicine, 
Duke University, Durham, United States.

Background: Nitric oxide (NO) and inducible NO synthase (iNOS) play im-
portant roles in dysfunction and destruction of pancreatic β-cells as well as 
obesity-induced insulin resistance. However, it remains largely unknown how 
NO and iNOS modulate function and survival of β-cells. We have previously 
shown that Akt/PKB is reversibly inactivated by protein S-nitrosylation, the 
covalent attachment of NO moiety to cysteine thiols and the major mediator 
of diverse actions of NO. S-nitrosoglutathione (GSNO) reductase (GSNOR), 
which is expressed in various cell types, including β-cells, decomposes GSNO 
and thereby reduces S-nitrosylated proteins in cells.
Methods and results: GSNOR knockout (-/-) mice exhibited glucose in-
tolerance, insulin resistance, attenuated insulin secretion, increased blood 
glucose levels and lower plasma insulin concentrations under fasted and fed 
conditions, as compared with wild-type mice (Fasted BS: KO: 158 ± 4 mg/
dl; WT: 137 ± 3, p<0.0001, Fasted Insulin: KO: 0.74 ± 0.04 ng/ml; WT: 0.96 
± 0.05, p<0.01). Moreover, GSNOR deficiency aggravated high-fat diet-in-
duced diabetes. Multiple low-dose streptozotocin treatment (MLD-STZ, 37.5 
mg/kg/day, IP, for 5 consecutive days) induced diabetes (BS ≥ 300 mg/dl) in 
14 out of 21 male GSNOR-/- mice and enhanced β-cell apoptosis, although 
none of wild-type mice (n=22) became diabetic by MLD-STZ (χ2: P<0.001). 
siRNA-mediated knockdown of GSNOR accelerated both NO donor- and 
cytokine (IL-1β + IFN-γ)-induced apoptosis in cultured INS-1 cells. Notably, 
iNOS deficiency almost completely blocked MLD-STZ-induced diabetes in 
GSNOR-/- mice and reversed the increases in β-cell apoptosis, but did not 
affect resting hyperglycemia or low insulin levels.
Conclusion: These results indicate that GSNOR plays a protective role against 
iNOS-mediated apoptosis of β-cells, while under normal condition GSNOR ex-
erts beneficial effects on β-cell function via iNOS-independent mechanisms. Our 
findings highlight GSNOR as a potential anti-diabetogenic molecular target.
Supported by: NIH, ADA

201
miRNAs posttranscriptionally regulate cytokine-induced Bcl-2 family 
members
L.G. Grunnet1,2, C. Bang-Berthelsen2, B. Kutlu3, F. Ortis3, N. Billestrup2,  
D. Eizirik3, F. Pociot2, T. Mandrup-Poulsen1,2; 
1Department of Biomedical Sciences, University of Copenhagen, Denmark, 
2Steno Diabetes Center and Hagedorn Research Institute, Gentofte, 
Denmark, 3Université Libre de Bruxelles, Belgium.

Background and aims: In β-cells, cytokine-induced pro-apoptotic signaling 
is dependent on Bcl-2 family proteins. However, the regulation of Bcl-2 pro-
teins at mRNA and protein levels following cytokine exposure is incompletely 
understood. In other cell systems, the expression of Bcl-2 family members is 
regulated by miRNAs. The aims of this study were to characterize the effects 
of cytokines on target Bcl-2 family member mRNA and protein expressions 
and to investigate a putative regulatory role of miRNA.
Materials and methods: INS-1 cells were exposed to IL-1β (160pg/ml) and 
IFNγ (5ng/ml) for 1 to 24h, and expressions of Bcl-2, Bak1, Bax, BclXL, Bid 
were assessed with qRT-PCR and immunoblotting. Bioinformatic tools were 
used to identify miRNAs with putative target sites in the 3`UTR of the Bcl-2 
member RNAs. miR-150, -15b, -27b, -125a, -326, -133a and Let-7c were cho-
sen for further examination. The expressions of miR-150, -326, -133a and Let-
7c were characterized by qRT-PCR in the absence or presence of cytokines 
(12 and 24h). A reporter construct containing the Luciferase gene cloned 
with the 3’UTR of Bid was used to investigate a regulatory role of miRNA on 
Luciferase activity and Bid protein expression. A construct containing the Lu-
ciferase gene with its native 3’UTR was used as a negative control. Luciferase 
activity was measured in the presence or absence of 4 miRNAs with putative 
binding sites in the Bid 3’UTR (miR-326, miR-15b, miR27b and miR125b) 
and 4 negative control miRNAs.
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Results: Cytokines induced expression of Bak, Bax, BclXL and Bid (fold in-
duction 3.5, 2.7, 2.6 and 8.1, respectively, all p<0.05, Student’s paired t-test), 
but not Bcl-2 mRNAs; however this was not correlated with increased protein 
expressions. Cytokines were further found to increase the expression of miR-
150, miR-326 and miR-133a (fold induction 1.5, 4.0 and 1.9, respectively, all 
p<0.05), but not Let-7c. All of the investigated candidate miRNAs, but none 
of the negative controls inhibited Luciferase activity from the Luciferase-Bid 
3’UTR reporter system (49-53%, p<0.05). Further, when the Bid 3’UTR con-
taining construct was used to sequester endogenously expressed miRNAs, 
cytokines induced Bid protein expression 3.4 fold relative to the effect of over-
expressing a construct containing the native 3’UTR of Luciferase (n=2-3).
Conclusion: This study has demonstrated mRNA but not protein levels of 
Bcl-2 family members to be up-regulated following cytokine exposure. We 
suggest that the posttranscriptional repression of at least Bid is mediated by 
miRNAs. miRNAs are thereby suggested at novel regulators of cytokine-in-
duced signalling, and modulation of miRNAs may represent a new strategy 
to prevent cytokine-induced β-cell apoptosis.
Supported by: Danish Research Council for Independent Research, Medical Sci-
ences (LGG) and JDRF (BK)
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Beta cell maturation enhances cytokine sensitivity via iron metabolism
M.F. Tonnesen1, J. Friberg2, L.G. Grunnet3, P. Hagedorn4, M. Aalund4,  
A.E. Karlsen5, F. Pociot2, T. Mandrup-Poulsen1,3; 
1Dept. of Translational Diabetology, Hagedorn Research Institution, 
Gentofte, 2Dept. of Diabetes Genome Biology, Hagedorn Research 
Institution, Gentofte, 3Core Unit for Medical Research Methodology, 
Institute of Biomedical Sciences, University of Copenhagen, 4NeuroTech, 
Copenhagen, Denmark, 5Diabetes Biology, Novo Nordisk, Måløv, Denmark.

Background and aims: Pro-inflammatory cytokines and reactive oxygen 
species (ROS) generation play major roles in the pathogenesis of type 1 dia-
betes (T1D) and in islet transplantation by causing impairment of β-cell func-
tion and apoptosis. β-cell acquisition of sensitivity to IL-1β is associated with 
β-cell maturation and pancreatic duodenal homeobox factor-1 (Pdx-1) ex-
pression, but the molecular mechanisms are unknown. The aim of this study 
was to compare IL-1β-induced signaling and apoptosis in immature- and 
mature β-cells and reveal molecular mechanisms based on gene expression 
profiling.
Materials and methods: INS-1rαβ cells with doxycycline-inducible Pdx-1 or 
dominant negative (DN)-Pdx-1 expression were a gift from Claes B. Woll-
heim. IL-1β-induced cell death was determined by TUNEL, cleavage of cas-
pase-3 and ELISA death detection assay. NFκB activation was determined by 
electric mobility shift assay (EMSA) and Luciferase reporter assay. Affyme-
trix microarray analysis was used for gene expression profiling and candidate 
genes verified in newborn rat islets by Western blotting and realtime PCR. 
Iron uptake was measured by the calcein assay and 55Fe uptake. ROS forma-
tion was measured by using the H2DCF dye. Iron chelator desferrioxamine 
(DFO) and siRNA-mediated divalent metal transporter 1 (DMT1) knock-
down was used to block IL-1β-induced iron uptake.
Results: Pdx-1 over-expressing INS-1rαβ cells were more sensitive to the 
toxic effect of IL-1β compared to wildtype and DN-Pdx-1 expressing cells 
(310%, p<0,05). IL-1β-induced NFκB transcriptional activity was increased 
(>200%, p<0,05) in Pdx-1 overexpressing cells and bioinformatic analysis 
of microarray data suggested altered iron homeostasis as an important fac-
tor in IL-1β sensitivity of Pdx-1 expressing cells. Observations were verified 
in IL-1β-exposed rat and human islets, where increased expression (400%, 
p<0,01) of the NFκB-regulated iron transporter DMT1 and several other iron 
regulated genes were shown. This correlated with increased IL-1β-induced 
iron uptake and iron-catalysed ROS formation in cell lines and rat islets. Im-
munostaining of rat pancreatic sections indicate high basal DMT1 expression 
in β-cells cells compared α-cells. Pharmacological inhibition of iron uptake 
by treatment with DFO reduced IL-1β-induced ROS formation and cell death 
dose-dependently. DMT1 knockdown with three different siRNA protected 
INS-1 cells against IL-1β-induced apoptotic cleavage of caspase3.
Conclusion: Pdx-1-driven β-cell maturation causes IL-1β-sensitivity in in-
sulin secreting cells. Our data suggest that this process depends upon en-
hanced NFκB activity and increased expression of the NFκB-regulated iron 
transporter DMT1, leading to increased iron uptake, ROS production and 
apoptotic β-cell death.
Part of the JDRF centre for BetaCellTherapy. Supported by European Union. 
Grant # LSHB-CT-2005-512145
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Morphologic changes of the endocrine pancreas in Japanese non-obese 
type 2 diabetes
M. Miuchi, J.-I. Miyagawa, K. Konishi, E. Nagai, T. Katsuno, S. Kataoka,  
H. Konya, T. Hamaguchi, M. Namba; 
Division of Diabetes & Metabolism, Internal Medicine, Hyogo College of 
Medicine, Nishinomiya, Japan.

Background and aims: It has been demonstrated that the “beta cell mass” 
in the pancreas of the patients with type 2 diabetes mellitus (T2DM) is de-
creased even in the early stage of the disease in the Caucasian population. 
In Japanese population, the capacity of insulin secretion has been shown 
to be less robust compared to that of the Caucasian population, and this is 
thought to be more important than the existence of insulin resistance in view 
of the pathoetiology in the development of Japanese T2DM. However, little is 
known on the morphologic change in the endocrine pancreas of the patients 
with T2DM. Therefore, we tried to clarify the morphologic change of the beta 
cells of pancreas in patients with Japanese non-obese T2DM.
Materials and methods: Pancreas tissues of patients with non-obese T2DM 
aged 65.1±10.5 years (DM, n=17) and age-matched non-obese non-diabet-
ic subjects aged 67.3±10.5 years (non-DM, n=15) were obtained by surgi-
cal operations and autopsies. BMI of both groups of diabetic patients and 
non-diabetic subjects were 20.3±3.1 and 20.0±2.4 kg/m2, respectively. Three 
sets (more than 500 μm distant from each other) of formalin-fixed, paraffin-
embedded sections were made from head, -body and -tail portions of each 
pancreas. At least 3 pancreatic sections from each set were immunostained 
with islet hormones (insulin, glucagon and somatostain) by immuno-fluo-
rescent and/or immuno-histochemical method. From these sections, we cal-
culated relative beta cell area (%), relative islet number (/cm2), relative beta 
cell number (/cm2) and beta cell size (μm2) using digital image analyzer (BZ-
H1A) equipped on a fluorescence microscope BZ-8000 (KEYENCE).
Results: Relative beta cell area was significantly decreased in DM group 
compared to that of non-DM group (0.80 ± 0.78 vs 1.05 ± 0.80%, p<0.05), 
especially in pancreas head (0.48±0.24 vs 0.76±0.44%, p<0.001). There was a 
trend to increase in the relative islet number in DM group. Relative beta cell 
number was significantly increased only in a pancreas tail of the DM group 
(28,399.4±16,445.6 vs. 20,166.5±11,771.9/cm2, p<0.05). Beta cell size was sig-
nificantly decreased in all portion of the pancreas in DM group (45.7±27.1 vs 
80.6±33.3 /μm2, p<0.001).
Conclusion: In the pancreas of Japanese patients with non-obese T2DM, the 
relative beta cell area was decreased, especially in the head portion, but the 
relative number of beta cells does not appear to be decreased at least in the 
present study. Our results indicate that the decrease in the relative beta cell 
area, so-called “beta cell mass”, in non-obese type 2 diabetes mellitus was 
mainly caused by the reduction of the beta cell size.

204
PDX-1 translocates to the cytosol in type 2 diabetes
A. Ardestani1, N.S. Sauter2, J. Kerr-Conte3, J.-H. Cho4, F. Paroni1,  
K. Maedler1; 
1Centre for Biomolecular Interactions, University of Bremen, Germany, 
2Endocrinology & Diabetes, University Hospital Zurich, Switzerland, 
3Thérapie Cellulaire du Diabète, Lille, France, 4College of Medicine, 
Kangnam St. Mary’s Hospital, Seoul, Republic of Korea.

Background and aims: The transcription factor PDX-1 plays a critical role 
during β-cell development and in glucose induced insulin gene transcription in 
adult β-cells. Glucose exposure up to 24 h leads to translocation of PDX-1 from 
the nuclear periphery to the nucleoplasm, whereas under conditions of oxida-
tive stress, PDX-1 shuttles from the nucleus to the cytosol. The possible patho-
physiological role of such PDX-1 translocation is unknown and disturbances in 
PDX-1 shuttling may be an important mechanism of β-cell failure in T2DM. In 
the present study we asked the following questions: where is PDX-1 located in 
diabetic islets and does normalizing glycemia change PDX-1 localization?
Materials and methods: PDX-1 expression in pancreatic sections was ana-
lyzed by immunofluorescence staining in 8 patients with T2DM and 8 healthy 
controls, and in 2 animal models of T2DM, the db/db mouse and the high fat/ 
high sucrose diet fed mouse (HFD). Islets from the mice were isolated and 
analyzed for PDX-1 localization and apoptosis by Western blotting. Human 
islets were cultured for 96 h with increasing glucose concentrations, or with 
2 ng/ml IL-1β with or without addition of recombinant human IL-1Ra and 
PDX-1 localization was analyzed in Bouin fixed islet sections.
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Results: In all islets from patients with T2DM, PDX-1 protein was localized 
in the cytosol, whereas in the non-diabetic controls, PDX-1 was in the nu-
cleus. Also, in the hyperglycemic 8 week old db/db mice and in mice fed 
the HFD for 16 weeks, PDX-1 protein was localized in the cytosol and β-cell 
apoptosis was increased. In contrast, IL-1Ra overexpression in both mouse 
models maintained normoglycemia, β-cell survival and PDX-1 nuclear lo-
calization.
Importantly, in human islets exposed for 96 h to 22.2 mM glucose or to 2 ng/
ml IL-1β, PDX-1 was found in the cytosol, whereas IL-1Ra induced a similar 
restoration of PDX-1 nuclear translocation in isolated islets. We found the 
JNK-pathway as a possible link in the downstream signaling from IL-1Ra to 
PDX-1. In isolated human islets, phosphorylated JNK-levels were increased 
by 11.1 and 33.3 mM glucose or in the presence of IL-1β, this was inhibited 
by IL-1Ra treatment.
Previous studies suggested that JNK-activation leads to PDX-1 export. Hu-
man islets were treated with 22.2 mM glucose or IL-1β, with or without the 
addition of a small peptide that inhibits JNK-activity. In the glucose and 
IL-1β treated cells, we found cells that co-express insulin and PDX-1 in the 
cytoplasm, as well as cells that showed cytoplasmic PDX-1 with almost no 
detectable insulin. JNK-inhibition prevented glucose- and IL-1β-induced 
PDX-1 translocation and kept the transcription factor in the nucleus in most 
cells, indicating that the JNK-pathway is involved in regulating PDX-1 lo-
calization.
Conclusion: Our results suggest that β-cell failure correlates with the cy-
tosolic localization of PDX-1. IL-1Ra improves β-cell survival and function 
through maintaining PDX-1 expression in the nucleus and suggest a potential 
role for IL-1Ra in the treatment of diabetes.
Supported by: University of Bremen Doctoral Fellowship to AA, DFG grant to 
KM
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A dominant mutation in the obesity susceptibility gene FTO results in 
reduced fat mass with enhanced lipid and carbohydrate metabolism
C.D. Church1, E.A.L. Bagg2, S. Lee3, J.S. McTaggart3, L. Moir1, R. Deacon4,  
T. Gerken2, C.J. Schofield2, F.M. Ashcroft3, R.D. Cox1; 
1Diabetes and Metabolism, Mammalian Genetics Unit, Didcot, 2Chemistry 
Research Laboratory and Oxford Centre for Integrative Systems Biology, 
University of Oxford, 3Department of Physiology, Anatomy and Genetics, 
Henry Wellcome Centre for Gene Function, Oxford, 4Department of 
Experimental Psychology, University of Oxford, United Kingdom.

Background and aims: Human single-nucleotide polymorphisms within in-
tron 1 of the FTO gene are associated with increased body mass index and 
type 2 diabetes. The risk allele is not associated with fetal growth but confers 
an increased risk of obesity with homozygous risk allele carriers weighing 
~3kg more than controls. As the obesity-associated SNPs are intronic it is un-
clear whether changes in FTO expression or splicing are the cause of obesity 
or if regulatory elements within intron 1 influence upstream or downstream 
genes. We tested the idea that a single base pair change in the Fto gene may 
reveal a body weight and metabolic phenotype.
Materials and methods: A novel N-ethyl-N-nitrosourea (ENU) point muta-
tion in exon 6 of the Fto gene was identified (FtoI367F). Phenotyping of het-
erozygous and homozygous mice fed standard (SD) or high fat diets (HFD) 
was performed by 10 and 20 week food intake measurement and 18 week 
metabolic rate assessment. Body composition was determined by dual energy 
X-ray absorptiometry at 24 weeks. Gene expression analysis by microarray 
in white adipose tissue (WAT), skeletal muscle and liver was performed at 
16 weeks and blood plasma and tissues were collected and analysed at 24 
weeks.
Results: We show that homozygous and heterozygous mice carrying the 
dominant FtoI367F mutation exhibited a maturity-onset reduction in body 
weight diverging from wildtype at 12 weeks of age (P < 0.01) and becom-
ing ~10% less than wildtype by 24 weeks old (P < 0.01). Analysis of 24 week 
old FtoI367F mice and controls revealed a 16-18% reduction in total fat mass 
per mouse compared to wildtype (P<0.01). FtoI367F mice on HFD also exhibit 
reduced adiposity (37.5% ± 1.0 compared to 42.2% ± 0.9, P< 0.01) and in-
creased lean mass (24.5g ± 0.52 compared to 26.4g ± 0.34, P< 0.01). FtoI367F 
mice have increased energy expenditure (P < 0.01), and unchanged food in-
take and locomotor activity. Biochemical in vitro studies by non-denaturing 
mass spectrometry suggest the mutation modifies FTO function likely by al-
tering its dimerisation state. Gene expression profiling in homozygote FtoI367F 
mice revealed substantial (≥ ± 1.5 fold) mRNA expression changes in WAT 
(n = 359), skeletal muscle (n= 210) and liver (n = 339) including some fat and 
carbohydrate metabolism genes and an improved inflammatory profile in the 
WAT of FtoI367F mice.
Conclusion: The FtoI367F mouse provides direct functional evidence that Fto is 
a causal gene underlying obesity. In contrast to the recently published mouse 
knockout mutation in Fto our model is fully viable and is not growth retard-
ed. The FtoI367F mouse provides a physiologically relevant model for study-
ing FTO due to similarities with the effect size of the human association as 
demonstrated by the dominant maturity-onset reduction in weight and fat 
mass. This study suggests that a search for human coding mutations may be 
informative and that inhibition of FTO activity is a possible development for 
the treatment of morbid obesity.
Supported by: MRC, Wellcome Trust, Royal Society, BBSRC, EU FP6; LHSM-
CT-2003-503041

206
Adipose tissue overexpression of vascular endothelial growth factor in 
transgenic mice protects against diet-induced insulin resistance and 
obesity
I. Elias1,2, I. Franckhauser1,2, T. Ferre1,2, S. Tafuro1,2, C. Roca1,2, S. Muñoz1,2, 
D. Ramos1,2, X.M. Anguela1,2, J. Agudo1,2, A. Pujol1,2, J. Ruberte1,2, F. Bosch1,2; 
1CBATEG, University Autonomous of Barcelona, 2CIBER de Diabetes y 
Enfermedades Metabolicas Asociadas (CIBERDEM), Barcelona, Spain.

Background and aims: Obesity is a metabolic disease whose frequency has 
increased dramatically during the last few years. During development of 
obesity there is an expansion of fat mass which may lead to hypoxia in certain 
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parts of adipose tissue because angiogenesis becomes insufficient to maintain 
normoxia in the entire adipose depot. This reduction in adipose tissue blood 
flow may trigger insulin resistance via effects on adipokine expression and/or 
adipocyte differentiation. One of the main factors involved in adipose tissue 
angiogenesis is the vascular endothelial growth factor (VEGF), which can be 
secreted by adipose tissue. To examine whether an increase in adipose tissue 
angiogenesis could protect against obesity-induced hypoxia and, in conse-
quence, decrease inflammation and insulin resistance in this tissue, trans-
genic mice overexpressing VEGF in adipose tissue were generated.
Materials and methods: Transgenic animals were generated by microinjec-
tion into oocytes of a chimeric gene in which the murine VEGF cDNA was 
under control of the aP2 promoter and were then characterized.
Results: In aP2VEGF transgenic mice, adipose tissue VEGF expression and 
VEGF serum levels were increased compared with control animals. Moreover, 
adipose tissue vessel density was higher in transgenic mice than in controls. 
However, no differences in body weight, food intake or serum glucose levels 
were observed between groups. Similarly, serum levels of free-fatty acid, trig-
lyceride, glycerol and hormones like adiponectin, leptin and insulin were un-
changed. When fed a high fat diet, body weight gain was lower in transgenic 
mice than in controls. This was parallel to lower WAT weight and to different 
adipocyte size distribution with decreased adipocyte mean area. Energy ex-
penditure was increased in transgenic mice related to controls. However, no 
differences in food intake were observed between control and transgenic mice. 
Moreover, trangenic mice under a HFD also showed a decrease in insulin se-
rum levels in parallel with an increase in whole body insulin sensitivity. In these 
transgenic mice, fed either a high-fat diet or a chow diet, the overexpression of 
VEGF in adipose tissue led to an increase in macrophage infiltration. However, 
flow cytometry analysis of white adipose tissue of these animals showed that 
the infiltrate population of transgenic mice was different from the population 
of control mice. White adipose tissue infiltrate of transgenic mice had increased 
MGL-1 and GR-1 levels and decreased MHC class II and neuropilin, all these 
indicating that whereas adipose tissue from control mice on a HFD have M1 
proinflammatory macrophages, adipose tissue from aP2VEGF transgenic ani-
mals both in chow and in HFD had increased M2 “alternatively activated” mac-
rophages, which may protect adipocytes from inflammation.
Conclusion: Thus, these results suggest that the increase in energy expendi-
ture and the M2 inflitrate in white adipose tissue of aP2VEGF transgenic mice 
protects them against high fat diet-induced insulin resistance and obesity.
Supported by: SAF 2005-02381 and SAF 2008-00962, CIBERDEM and EU-
GENE2

207
The inflammasome-mediated caspase-1 activation controls adipocyte 
differentiation and insulin sensitivity
R. Stienstra1, L.A.B. Joosten1,2, T. Koenen1, G. Fantuzzi3, A. Hijmans1,  
S. Kersten4,5, M. Müller4,5, W.B. van den Berg6, N. van Rooijen7,  
M. Wabitsch8, B.-J. Kullberg1, J.W.M. van der Meer1, T. Kanneganti9,  
C.J. Tack1, M.G. Netea1; 
1General Internal Medicine, Radboud University Nijmegen Medical 
Centre, Netherlands, 2Rheumatology Research and Advanced Therapeutics, 
Radboud University Nijmegen Medical Centre, Netherlands, 3Department 
of Kinesiology and Nutrition, University of Illinois at Chicago, United 
States, 4Nutrition, Metabolism and Genomics group, Division of Human 
Nutrition, Wageningen University, Netherlands, 5Nutrigenomics 
Consortium, TI Food and Nutrition, Wageningen, Netherlands, 
6Rheumatology Research and Advanced Therapeutics, Department of 
Rheumatology, Radboud University Nijmegen Medical Centre, Netherlands, 
7Department of Molecular Cell Biology, Vrije Universiteit Medical Center, 
Amsterdam, Netherlands, 8Division of Pediatric Endocrinology and 
Diabetes, University of Ulm, Germany, 9Department of Immunology, St 
Jude Children’s Research Hospital, Memphis, United States.

Background and aims: In recent years it has become evident that obesity is 
associated with chronic low grade inflammation that contributes to the devel-
opment of insulin resistance. It is believed that obesity-induced inflammation 
mainly originates from expanding adipose tissue. Recently, important meta-
bolic effects have been attributed to Interleukin (IL)-1β. Processing of IL-1β 
requires cleavage by caspase-1, a cysteine protease regulated by a complex 
of proteins including NALP3 and ASC that are clustered into the inflamma-
some. The aim of our study was to test whether caspase-1 and the inflamma-
some are involved in the development of obesity and insulin resistance.
Materials and methods: White adipose tissue (WAT) from humans, diet-
or genetically (db/db and ob/ob) induced obese animals and caspase-1- or 

NALP3-deficient animals were studied using qPCR and western blot analysis. 
In addition, WAT and insulin sensitivity of ob/ob animals that were treated 
for two weeks with an inhibitor of caspase-1 were examined.
Results: qPCR and Western blot analysis revealed that caspase-1 is well ex-
pressed in both human and mouse WAT. Interestingly, caspase-1 activity in 
WAT was increased during both diet- and genetically-induced obesity, re-
sulting in elevated levels of mature IL-1β in WAT of obese animals. Differ-
entiation of pre-adipocytes isolated from caspase-1- and NALP3- deficient 
mice resulted in more metabolically active fat cells that were more insulin 
sensitive and produced more adiponectin compared to cells originating from 
wild-type animals. WAT of caspase-1-deficient animals displayed a change 
in adipose tissue morphology towards smaller adipocytes. Caspase-1- and 
NALP3-deficient animals had a significant improvement of insulin sensitiv-
ity compared to wild-type mice. Finally, treatment of Ob/Ob animals with a 
chemical inhibitor of caspase-1 for two weeks led to a robust improvement of 
insulin sensitivity and reduction in weight gain.
Conclusion: Caspase-1 is present in human and mouse adipocytes and af-
fects adipose tissue functioning and insulin sensitivity during the develop-
ment of obesity. Our data reveal a physiological role of caspase-1 and sug-
gests that caspase-1 inhibition represents a novel therapeutic target in clinical 
conditions associated with obesity and insulin resistance.
Supported by: the Dutch Diabetes Foundation

208
Gender differences in 11β-hydroxysteroid dehydrogenase activity in 
relation to markers of obesity and insulin resistance
J. deSchoolmeester1, J. Palming2, T. Persson3, D. Gill1, F. Renström4,  
M. Lundgren4, M.K. Svensson2, A. Rees1, J.W. Eriksson2,5; 
1AstraZeneca R&D, Macclesfield, United Kingdom, 2Dept of Molecular & 
Clinical Medicine, Sahlgrenska University Hospital, Gothenburg, Sweden, 
3AstraZeneca R&D, Lund, Sweden, 4Dept of Medicine, Umeå University 
Hosptial, Sweden, 5AstraZeneca R&D, Mölndal, Sweden.

Background and aims: Inhibition of 11β-hydroxysteroid dehydrogenase 1 
(11βHSD1), an enzyme that regulates local tissue cortisol levels, is a potential 
treatment of obesity and type 2 diabetes. Increased 11βHSD1 activity and 
expression in adipose tissue has previously been shown to be linked to obes-
ity. The main purpose of this study was to assess the relationship between 
11βHSD1 activity in human subcutaneous (sc) adipocytes and different in-
dices of adiposity (including body fat, adipocyte size, BMI and waist circum-
ference) as well as plasma markers of insulin resistance and, in addition, to 
address the impact of gender.
Materials and methods: Non-diabetic male (M, n=23) and female (F, n=31) 
volunteers were recruited; age 47.8±1.9 (mean±SEM), BMI 26.8±0.5 (range 
21-38 kg/m2). Blood sampling, sc abdominal adipose tissue biopsies and 
anthropometric measurements were performed following overnight fast 
and body fat was measured by bioimpedance. Sc and omental (om) adipose 
biopsies (n=4) were obtained during elective abdominal surgery. Mature 
adipocytes were isolated by collagenase digestion and cell number and size 
determined. 11βHSD1 activity was measured in the presence or absence of 
a novel specific and potent 11βHSD1 inhibitor during 5-6 h incubation with 
100 nmol/l cortisone including 3H-cortisone tracer. 3H-cortisone and 3H-cor-
tisol in the incubation media were measured using radiometric HPLC and 
activity was expressed as % conversion of cortisone to cortisol per h per 106 
cells.
Results: There was no significant difference in sc 11βHSD1 activity between 
M (3.8±0.6%/h/106 cells) and F (3.4±0.7%/h/106 cells). In the subjects where 
both sc and om cells were assessed, 11βHSD1 activity did not differ between 
the depots; sc 2.4±1.2%/h/106 cells; om 2.4±1.2%/h/106 cells. A near complete 
inhibition of 11βHSD1 activity was achieved with the novel inhibitor in both 
sc and om adipose tissue, and potency was similar (IC50 1-2 nM) for both fat 
depots. 11βHSD1 activity in sc adipocytes positively correlated with body fat 
(M, r=0.57, p=0.009; F, r=0.43, p=0.04) and cell size (F, r=0.59, p=0.001; M, 
r=0.40, p=0.06). A positive correlation between 11βHSD1 activity and BMI 
(M, r=0.47, p=0.025; F, r=0.31, p=0.08) was statistically significant only in 
men, and this was also true for waist circumference (M, r=0.63, p=0.001; F 
r=0.26, p=0.18). A positive correlation was also observed with fasting glucose 
in both groups (M, r=0.41, p=0.049; F, r=0.46, p=0.016), although only men 
displayed a positive correlation to fasting insulin (r=0.58, p=0.005). Multiple 
regression analyses, including the above variables, showed that only adipocyte 
size predicted 11βHSD1 activity (M, r2=0.27, p=0.028, F, r2=0.47, p=0.001).
Conclusion: The data demonstrates increased 11βHSD1 activity in human 
subcutaneous adipocytes with obesity, and adipocyte size is an important 
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and independent marker in this relationship. In men, but not women, there 
was also an association between markers of insulin resistance, i.e. waist and 
serum insulin, and 11βHSD1 activity. The data suggest that there are differ-
ences between men and women in the link between 11βHSD1 activity and 
metabolic phenotypes.

209
Adipose tissue is directly targeted and initiated by bacterial LPS at the 
early onset of HFD-induced metabolic diseases
E. Luche1, B. Cousin2, A. Waget1, M. André2, P. Valet3, L. Casteilla2,  
R. Burcelin1; 
1Institut de Médecine Moléculaire de Rangueil, Eq 2, INSERM U858, 
2Université Paul Sabatier, IFR 31, UMR 5241 Métabolisme, 3Institut de 
Médecine Moléculaire de Rangueil, Eq 4, INSERM U858, Toulouse, France.

Background and aims: We recently showed, in the mouse and in human that 
a fat-enriched diet (HFD) increased plasma Lipopolysaccharide (LPS) con-
centration in the blood and was responsible for the low tone inflammation 
observed during metabolic diseases. This mechanism depended on the LPS 
receptor CD14 and targeted the adipose tissue since CD14 knockout mice did 
not developed obesity in response to HFD. Conversely, in response to a one 
month LPS infusion the adipose cell number was increased and the cells were 
smaller suggesting and increased precursor proliferation.
Materials and methods: We here aimed to determine whether LPS could 
trigger directly the adipose depot and initiate the proliferation of adipose tis-
sue precursors without recruiting bone marrow cells. To this aim we grafted 
adipose depots from wild type and CD14 KO mice on the back of CD14 KO 
mice. The CD14 KO recipient mice are unable to generate inflammation in 
response to a LPS infusion. The grafted mice underwent a continuous one 
month infusion of LPS by the mean of osmotic minipumps.
Results: At completion of the infusion we showed that HKII, GLUT4, FAS, 
and ACC mRNA concentrations and the insulin-stimulated glucose utiliza-
tion rates (clamp experiments) were reduced in the grafted wild type fat pad 
when compared to the CD14 KO fat pad. This suggested a state of insulin 
resistance induced by the LPS infusion, and hence inflammation, which was 
directly affecting the wild type fat pad. This was confirmed by the increased 
quantification of the mRNA coding for the cytokines IL1, PAI-1, TNFa and 
the chemokines MCP-1, MIF, osteopontin and by the high amount of F4/80 
positive cells as determined by FACS analysis and adipose tissue histology. 
Importantly, this set of data was similar to that obtained in mice treated with 
HFD for one month. In a second set of experiments we determined that the 
number of cells from the vascular fraction was dramatically increased only 
in the grafted wild type fat pad. We determined by FACS analysis that all 
precursor populations were similarly increased including preadipocytes, 
macrophages, and preendothelial cells. In vitro LPS stimulation increased 
the proliferation of cell types isolated from the stroma vascular fraction of 
wild type but not CD14 adipose depot. Conversely, in vitro the LPS treatment 
reduced the adipose cell differentiation process as assessed by lipid accumula-
tion and the expression of adipogenic markers from wild type but not from 
CD14KO precursors.
Conclusion: We showed that LPS, which originates from intestinal micro-
flora, can trigger directly the adipose depot by a CD14 dependent mechanism 
to initiate the proliferation of adipose tissue precursors. Hence intestinal mi-
croflora could be a regulatory factor controlling adipose tissue plasticity and 
insulin resistance.
Supported by: ANR FLORADIP

210
The life-span determinant p66shcA mediates fat-induced insulin 
resistance
S. Chiatamone Ranieri, S. Fusco, G. Pani; 
General Pathology, Catholic University Medical School, Rome, Italy.

Background and aims: Emerging evidence indicates in fatty acid and cy-
tokine- induced oxidative stress a major cause of peripheral insulin resistance. 
The life-span determinant p66shcA promotes organismal ageing in part by 
eliciting the generation of Reactive Oxygen Species in mitochondria; addition-
ally, structural features of p66shc clearly indicate that this adapter molecule 
may directly participate in signal transduction downstream of the Insulin RTK 
receptor. Thus far, however, a potential role role for p66shcA in the establish-
ment of adipose-induced insulin resistance has not been investigated.

Materials and methods: Sex and age-matched lean Wild Type (WT) and 
p66-deficient (p66KO) C57Bl6 mice were subdued to glucose (1g/Kg) and 
Insulin (1 U/Kg) tolerance tests, and early signaling events elicited by In-
sulin in the white fat analysed biochemically. Obese mice were obtained by 
genetic crossbreeding with C57Bl6 LepOb, leptin-deficient mice. WTOb/Ob and 
p66KOOb/Ob hybrid mice were monitored for 80 weeks for food consumption 
and weight gain, and glucose homeostasis and Insulin responses assessed as 
described for lean mice. Committed adipocytic precursor cells were prepared 
from WT and p66KO adipose tissue, serum starved for 16 hours and stimu-
lated in vitro with insulin (100 ng/ml for 10’). Phosphorylation of Insulin 
Receptor Substrate-1 AKT/PKB kinase, and activation of the mTOR/S6K 
pathway were assessed by phospho-specific immunoblotting of total protein 
extracts. Molecular interactions between p66shc and component of the insu-
lin signaling cascade were further investigated in 3T3-L1 preadipocytes and 
in HEK 293-T cell upon overexpression or siRNA-mediated knock-down of 
proteins of interest.
Results: Glucose and Insulin tolerance tests revealed no significant dif-
ferences in lean p66KO mice compared to WT controls except for a slight 
reduction in blood glucose response to acute insulin. However, lack of p66 
reduced fat accumulation and ameliorated fasting hyperglycaemia and glu-
cose intolerance of Ob/Ob animals. In keeping with this finding, biochemi-
cal analysis of white fat from p66KO animals revealed higher expression of 
the master Insulin receptor transducer IRS-1 and of enhanced interaction of 
IRS-1 with PI3Kinase. Importantly,also isolated adipocyte precursors from 
p66KO obese mice appeared to be resistant to insulin desentization induced 
by in vitro exposure to TNF alpha or excess free fatty acid, when compared 
to p66-WT control cells. Mechanistic studies performed in 3T3L1 and 293-T 
cells revealed that p66shc form a complex with IRS-1 in insulin stimulated 
cells, and facilitates IRS recruitment of the S6K kinase, a putative mediator of 
insulin receptor desensitization by nutrient overload. Additionally, changes 
in p66shc levels, achieved by genetic manipulation, positively correlated with 
phosphorylation of both S6 Kinase and IRS-1. Finally, in 3T3L1 cells, FFA-
induced insulin resistance was accompanied by Ser 36 phosphorylation of 
p66shc, and both responses were prevented by the ROS scavenger Catalase.
Conclusion: Taken together the above observations
a) Demonstrate the involvement of p66shc in the establishment of adipose-
associated insulin resistance in vivo and in vitro, providing a link between 
oxidative stress, ageing and Type II Diabetes.
b) Outline a potential molecular mechanism in the p66-mediated association 
between IRS-1 and S6K, as components of a signal-inhibitory loop responsi-
ble for insulin resistance.
Supported by: an EFSD/GSK grant
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OP 36 Insulin therapy in type 2 
diabetes mellitus
211
Metformin, sulphonylurea and insulin therapies maintain glycaemic 
control over five years in 4900 people with type 2 diabetes
J.D. Best1, P. Drury2, T. Davis3, M.-R. Taskinen4, A. Kesäniemi5, A. Keech6; 
1University of Melbourne, Australia, 2Auckland Diabetes Centre, New Zealand, 
3University of Western Australia, Perth, Australia, 4University of Helsinki, 
Finland, 5University of Oulu, Finland, 6University of Sydney, Australia.

Background and aims: Type 2 diabetes is characterised by insulin resistance 
and impaired beta cell function that deteriorates over time. It is generally 
accepted that glycaemic control worsens over time, even with the intensifica-
tion of standard diabetes care (metformin, sulphonylureas and insulin). In 
the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study 
we investigated the hypothesis that a PPARα agonist, fenofibrate, could re-
duce the risk of cardiovascular disease in patients with type 2 diabetes. Be-
cause the FIELD study was not directed at improving glycaemic control or 
modifying other aspects of diabetes care, it also provided the opportunity to 
observe standard diabetes care, predominantly in the primary care setting, in 
63 different regions within Australia, New Zealand and Finland.
Materials and methods: Glycaemic control and diabetes management in the place-
bo-treated cohort of 4900 patients (age 62 ± 7 years, 37% women, median duration 
of diabetes 5 years) were monitored for a median follow-up period of 5 years.
Results: Median HbA1c was 6.9% at baseline (2 measurements) and 7.0% 
at study end (p<0.0001); median fasting glucose was 8.5 mmol/L and fell to 
7.9 mmol/L respectively (p<0.0001). Median weight was 86.3 kg at baseline 
and fell to 85.0 kg at study end (p<0.0001). Baseline therapy for diabetes was 
lifestyle measures only in 27%, oral agents in 67% and insulin in 14% (8% also 
taking oral agents). During the study insulin use increased to 28% (19% also 
taking oral agents) and use of oral agents to 77%. Only 2% of patients at base-
line and 4% at study end were taking any oral agents other than metformin 
or sulphonylureas. Insulin therapy was initiated in 855 of the 4900 patients 
(20% of those not already taking insulin) at a median HbA1c of 8.2% and 
resulted in a sustained reduction to 7.6%. Median weight at insulin initiation 
was 86.5 kg and increased by 4.6 kg over the subsequent 5 years. Progression 
to insulin treatment in those on oral hypoglycaemic medication at baseline 
was associated with worse insulin secretory function. Both HOMA2-%S and 
HOMA2-%B predicted treatment progression in logistic models.
Conclusion: The FIELD study showed that glycaemic control in type 2 diabe-
tes can be maintained in a large cohort with standard diabetes therapy (met-
formin, sulphonylureas and insulin) over a period of 5 years. The glycaemic 
benefits of newer therapies for type 2 diabetes should be judged against what 
is achievable with standard diabetes care. These findings are relevant to the 
delivery of diabetes care in many other countries, including those with more 
limited healthcare resources.
FIELD study supported by Laboratoires Fournier, France (now Solvay Pharma-
ceuticals) and Medical Research Council, Australia

212
Is there an association between frequency of self adjustment of insulin 
dose and metabolic control in patients with diabetes mellitus type 2?
E. Beluchin, L. Bäz, N. Müller, C. Kloos, G. Wolf, U.A. Müller; 
Dept. Internal Medicine III, University Hospital Jena, Germany.
Background and aims: Intensified insulin therapy is widely used in patients 
with diabetes type 2 (DM2). In patients with type 1 diabetes frequent self 
monitoring and adaptation of insulin dose improved metabolic control, qual-
ity of life and reduced hypoglycaemia. Recent randomised controlled studies 
did not reveal an advantage of intensified insulin therapy in DM2. However, 
no study mentioned the frequency of insulin dose adjustment by the patients 
themselves. We studied the association of insulin dose adjustment in a large 
group of well educated patients with DM2 in Germany.
Materials and methods: We assessed the number of self adjustment of the 
insulin dose in 300 insulin treated patients with DM2 (age 66.8y; time since 
diagnosis 15.8y; BMI 32.9; HbA1c 7.4%) in an university outpatient depart-
ment. The number of self adjustments of insulin dose was obtained from the 
last 14 days of the patient diary. All patients had a structured education on 
conventional or flexible insulin therapy. Self adjustment of insulin dose was 
defined as each change of the insulin dose compared to the same time of the 
previous day. Skipped and additional injections were also counted as dose ad-

justment. The patients were grouped to: now adjustments, 1-13 adjustments 
and >=14 adjustments per 14 days.
Results: 193 patients (64%) adapted their insulin dose at least once in 14 days. 
107 patients used a fixed schedule without self adjustment. Patients with fre-
quent adjustments (>=14) compared to the group with no self adjustment were 
younger (64.5 vs. 68.9y; p=0.001), had a higher insulin dose (77.3U vs. 53.6U/d; 
p=0,001), more injections (3.7 vs. 2.4/d; p=0,001), more blood glucose self con-
trols (26.3 vs. 18.6/wk; p<0,001), a higher social status (11.5 vs. 9.8; p=0,001; 
max. score 21) and a longer follow up (8.2 vs 4.8y; p<0,001). No significant differ-
ences were observed regarding last BMI (32.8 vs. 33.4 kg/m²), last HbA1c (7.29 
vs. 7.46%) and mean HbA1c (7.73 vs. 7.82%). In the regression analysis with 
mean individual HbA1c as dependent variable, time since diagnosis, number of 
self adjustments of insulin doses, number of insulin injections, number of blood 
glucose self monitoring, BMI and social status score as independent variables, 
only the number of blood glucose self monitoring (R² 0,41; p<0.001) and BMI 
(R² 0.65; p<0.001) had a significant association with HbA1c.
Conclusion: In an university outpatient department two thirds of well edu-
cated patients with diabetes type 2 on insulin therapy practice insulin dose 
self adjustments at least once per 14 days. The hypothesis that frequent self 
adjustments of the insulin dose is associated with better metabolic control 
was not confirmed in this retrospective cohort analysis. A randomised con-
trolled trial is needed for the definitive proof of evidence regarding the value 
of self adjustment of insulin dose in DM2.

213
Once daily initiation with biphasic insulin aspart 30 (BIAsp 30) versus 
insulin glargine in patients with type 2 diabetes inadequately controlled 
with oral drugs - a randomized controlled trial
E. Franek1, S. Kalra2, M. Pesic3, A. Smahelova4, H. Thomsen5, K. Strojek6; 
1Centralny Szpital Kliniczny MSWIA w Warszawie, Poland, 2Bharti 
Hospital, Kunjpura Road, Karnal, India, 3Clinical Centre Nis, Serbia, 
4Fakultni Hospital, Hradec Kralove, Czech Republic, 5NovoNordisk A/S, 
Aalborg, Denmark, 6Department of Internal Diseases, Diabetology and 
Nephrology, Zabrze, Poland.

Background and aims: The aim of the trial was to compare the efficacy and 
safety of biphasic insulin aspart 30 (BIAsp 30) with insulin glargine, both 
administered once daily to insulin-naive subjects with type 2 diabetes inad-
equately controlled with two oral anti-diabetic drugs
Materials and methods: In this 26-week, open-label, randomized, parallel-
group, multinational, treat-to-target trial, 480 insulin-naïve subjects (mean 
age 56 years, mean HbA1c 8.5% and duration of diabetes 9.3 years) from 15 
countries were randomized to receive either BIAsp 30 before dinner or insu-
lin glargine at bedtime, both in combination with metformin and glimepir-
ide. In all, 433 subjects completed the trial.
Results: After 26 weeks of treatment, the estimated mean reduction in HbA1c 
(from baseline) was −1.41% with BIAsp 30 and −1.25% with insulin glargine, 
with a statistcally significant difference of −0.16%, 95%CI [−0.30;−0.02], 
p=0.029. The plasma glucose levels at end of treatment were significantly 
lower with BIAsp 30 both after dinner (BIAsp 30_glargine = _0.52, 95%CI 
[−1.02; −0.03], p=0.04) and at bedtime (BIAsp 30_glargine = −0.78, 95%CI 
[−1.25;−0.31], p<0.01) than with insulin glargine. The rate of hypoglycaemia 
was low in both treatment arms, and major hypoglycaemic episodes were few 
(three episodes with BIAsp 30 and two with insulin glargine). The relative risk 
of experiencing a nocturnal (0:00_6:00 a.m.) hypoglycaemic episode, however, 
was significantly higher with BIAsp 30 than with insulin glargine (1.1 vs 0.5 
episodes/year, RR = 2.41, 95%CI [1.34;4.34], p=0.003). At initiation, the mean 
insulin daily dose was 0.18 U/kg in both treatment groups but after 26 weeks of 
treatment the dose had increased to 0.32 U/kg with BIAsp 30 vs 0.29 U/Kg with 
insulin glargine. Increase in body weight was similar in both arms: 1.74 kg with 
BIAsp 30 and 1.67kg with insulin glargine. The safety profile, as judged from 
reports of adverse events and clinical laboratory data, was comparable for the 
two treatments, and treatment satisfaction was not significantly different.
Conclusion: Findings from once daily BIAsp 30 versus once daily insulin 
glargine both in combination with metformin and glimipiride:
1: HbA1c and postprandial hyperglycaemia was reduced significantly more 
with BIAsp 30
2: Low rate of hypoglycaemia was observed with both regimens, but signifi-
cantly higher rate of nocturnal hypoglycaemia with BIAsp 30
3: Weight gain and treatment satisfaction were similar with the two regi-
mens
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Examining patient outcomes following different regimens of biphasic 
insulin aspart 30/70 (BIAsp 30, NovoMix® 30) in the large, multinational, 
IMPROVE™ observational study
R.J. Ligthelm1, P. Valensi2, W. van der Lubbe3; 
1Preventive medicine, EHM Clinic Hoofddorp, Rotterdam, Netherlands, 
2Department of Endocrinology, Diabetology, Nutrition, Jean Verdier 
Hospital, Paris Nord University, Bondy, France, 3Global Marketing, Novo 
Nordisk A/S, Bagsværd, Denmark.

Background and aims: The IMPROVE observational study has shown that 
biphasic insulin aspart 30/70 (BIAsp 30) improves glycaemic control in pa-
tients with type 2 diabetes, regardless of pre-study therapy. Here we present 
a sub-analysis of effectiveness and safety of BIAsp 30 in patients grouped ac-
cording to their starting and final injection frequency to determine which 
regimens resulted in the best patient outcomes.
Materials and methods: From the total of 52,419 patients from China, India, 
Japan, Canada, Russia, Italy, Poland and Greece enrolled in the IMPROVE 
study, n= 41,436 were included in this analysis as they had injection frequency 
data at baseline and final visit. Patients were divided into five treatment regi-
mens based on their starting and final injection frequency of BIAsp 30: once-
daily (OD) to OD (n=2943), OD to twice-daily (BID) (n=2613), BID to BID 
(n=33,880), OD to thrice-daily (TID) (n=141), and BID to TID (n=1859). 
Effectiveness and safety parameters and dose were analysed in these groups.
Results: Baseline patient demographics are given in the Table. Patients who 
started on BIAsp 30 BID had shorter duration of diabetes than those who 
started on BIAsp 30 OD (Table). Patients in all five dosing regimens showed 
significant reductions from baseline in HbA1c, fasting blood glucose (FBG) 
and postprandial blood glucose (PPBG) at the end of the study (all p<0.0001; 
the Table below shows PPBG for breakfast across dosing regimens, and a 
similar pattern was seen for PPBG after lunch and dinner, also all p<0.0001 
for change from baseline). Those patients who started BIAsp 30 therapy with 
BID injections consistently achieved greater reductions in glycaemic param-
eters than did those who started with an OD injection (Table). Consequently, 
over 50% of patients who started on BIAsp 30 BID achieved HbA1c <7.0%, 
compared with approximately 40% for those who started on BIAsp 30 OD 
(Table). The final injection frequency did not appear to influence glycaemic 

outcome. All groups showed a significant reduction in major hypoglycaemia. 
Minor hypoglycaemia decreased in those who finished on OD or BID BIAsp 
30 but increased in those who finished on TID BIAsp 30 (Table). BIAsp 30 
daily doses from baseline to final visit increased with the number of daily 
insulin injections (Table).
Conclusion: BIAsp 30 is an effective therapy for patients with type 2 diabe-
tes, regardless of initial or final injection regimen. Starting BIAsp 30 therapy 
with BID injections was more effective at improving glycaemic control than 
starting with an OD injection. Higher final injection frequency (TID) and 
hence dose was associated with increased minor hypoglycaemia compared 
with pre-study therapy, highlighting the importance of careful titration when 
BIAsp 30 is used in a TID regimen.
Supported by: Novo Nordisk
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Long-term sustained safety and efficacy of continued use of 
Technosphere insulin in subjects with type 2 diabetes
N. Amin, A. Boss, P. Richardson; 
MannKind Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting inhaled 
insulin with an action profile that mimics early meal-related insulin release. 
Safety and efficacy of TI has been previously demonstrated in controlled 
clinical trials of up to 2 years duration. The goal of this study was to examine 
the changes in lung function and glycemic control in subjects with type 2 
diabetes over 4 years of continued treatment with TI.
Materials and methods: Subjects with diabetes who had completed any of 
the two 3-month, controlled, randomized phase II clinical trials were offered 
continued open-label TI as their exclusive prandial insulin regimen. Spirom-
etry and lung carbon monoxide diffusing capacity (DLCO) were measured 
every 6 and 12 months, respectively. HbA1c was measured every 3 months. 
Hypoglycemia for this study was defined as blood glucose levels less than 3.5 
mmol/l or symptoms of hypoglycemia that resolved after appropriate caloric 
intake.
Results: A total of 229 subjects (59% male, 41% female) were enrolled in the 
trial. In all, 199 subjects were exposed to treatment for >1 year, 175 for >2 
years, 60 for >3 years, and 31 for >42 months. Annualized change in forced 
expiratory volume in 1 second was -0.048±0.0006 l/year and in DLCO was 
-0.332±0.085 ml/min/mm Hg after 4 years of continued treatment with TI. 
Mean HbA1c was 7.97% at baseline, 7.88% at month 3, 7.79% at month 6, 
7.97% at month 12, 7.87% at month 18, 8.04% at month 24, 8.06% at month 
30, 7.81% at month 36, 7.40% at month 42, and 6.45% at month 48. Overall, 
hypoglycemia rates remained stable at 0.31 events/subject-month during the 
first 6 months and 0.42 events/subject-month after 3 years, as measured over 
the final 12 months of TI therapy.
Conclusion: Changes in the lung functions after 4 years of TI therapy were 
small and similar to the changes expected in adults with type 2 diabetes. TI 
therapy maintained sustainable glycemic control for at least 4 years.

216
Healthcare costs of long-acting insulin analogues compared with NPH 
insulin in patients using a basal regimen: a Danish perspective
J. Gundgaard1, M. Aagren2, T.L. Thomsen3; 
1COWI A/S, Lyngby, Denmark, 2Novo Nordisk Inc, Princeton, United 
States, 3Novo Nordisk A/S, Virum, Denmark.

Background and aims: Insulin analogues may be able to offer health benefits 
to patients with diabetes, but also carry a higher price compared with conven-
tional human insulins. The objective of this study was to compare the health-
care cost outcome of a basal insulin regimen of long-acting insulin analogues 
(LAIA) with neutral protamine Hagedorn (NPH) insulin, in patients with 
type 2 diabetes (T2D). Analysis was based on Danish healthcare costs.
Materials and methods: Data were extracted from national registers to in-
volve the entire Danish population. Included in the analysis were prescrip-
tion, hospital in- and out-patient care costs and socioeconomic variables. 
Suitable patients were identified during a 1 year index period (2005) and 
allocated to treatment with either LAIA or NPH insulin. Inclusion criteria 
were at least two prescriptions in the index period of LAIA (insulin detemir 
or insulin glargine) or NPH respectively and no switch to the other product 
in the follow-up period. Patients with at least one oral antidiabetic drug pre-
scription between 1995 and 2007 and fewer than two prescriptions of fast-

*p<0.05,**p<0.001,***p<0.0001
New therapy (BIAsp 30) to final dosing regimen
Parameter (SD) OD to OD 

n=2943
OD to BID 
n=2613

BID to BID 
n=33880

OD to TID 
n=141

BID to TID 
n=1859

Sex ,% (male) 55 53 60 49 55
Age, years 56.3 (12.0) 55.9 (11.1) 54.7 (12.0) 57.5 (11.7) 55.5 (11.6)
Diabetes duration, 
years

8.0 (6.3) 7.6 (5.8) 6.7 (5.9) 7.7 (6.1) 6.5 (6.0)

BMI, kg/m2 26.6 (5.1) 27.4 (5.3) 25.7 (4.4) 31.1 (7.9) 26.7 (5.0)
Mean HbA1c, %.
Baseline;
Change

8.9 (1.7);
-1.6 (1.5)***

9.2 (1.7);
-1.8 (1.7)***

9.3 (1.9);
-2.3 (1.8)***

9.0 (1.8);
-1.6 (1.9)***

9.6 (1.9);
-2.4 (2.0)***

Patients reaching 
HbA1c<7%, %

42.6 40.3 54.5 39.7 52.8

Mean FBG, mmol/L.
Baseline;
Change

9.8 (2.8);
-3.3 (2.8)***

10.5 (2.8);
-3.4 (2.9)***

10.9 (3.2);
-4.3 (3.2)***

10.4 (3.2);
-3.2 (3.0)***

11.2 (3.3);
-4.5 (3.5)***

Mean PPBG breakfast, 
mmol/L.
Baseline;
Change

13.6 (4.1);
-4.9 (4.0)***

14.2 (4.1);
-4.6 (4.2)***

15.1 (4.5);
-6.6 (4.5)***

14.1 (5.2);
-4.9 (4.5)***

14.8 (4.6); 
-6.5 (4.6)***

Mean daily BIAsp 30 
dose, U/kg.
Baseline;Final;
Change

0.18 (0.08); 
0.20 (0.09);
0.02 (0.06)

0.17 (0.09);
0.37 (0.16); 
0.20 (0.15)

0.40 (0.17); 
0.44(0.17);
0.04 (0.16)

0.16 (0.07);
0.52 (0.21); 
0.36 (0.21)

0.39 (0.17);
0.57 (0.21); 
0.18 (0.19)

Major hypoglycaemia, 
events/patient year.
Baseline;
Change

0.127;
-0.124***

0.078;
-0.073***

0.091;
-0.084***

0.028;
-0.028***

0.084;
-0.082***

Minor hypoglycaemia, 
events/patient year.
Baseline;
Change

2.433;
-1.049**

2.010;
-0.139NS

2.825;
-0.202NS

5.993;
0.277NS

3.238; 0.951*
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acting insulin were identified. The patients from the LAIA group (n=303) 
were matched with patients from the NPH group (n=8523) with respect to 
observable variables using propensity scores. Healthcare costs were analysed 
for a follow-up period of 2 years, maximum. Figure 1 illustrates the distribu-
tion of costs for each of the treatment populations.
Results: The highest proportion of healthcare costs in both treatment groups 
could be attributed to inpatient care, accounting for 46% and 38% in the NPH 
and LAIA groups, respectively. Analysed in isolation the cost of basal insulin 
based on prescription data was significantly lower for the NPH treatment 
group compared to the LAIA group (p<0.0001). Overall annual healthcare 
costs however, which included all prescription medicine, amounted to €6230 
in the NPH group and €5524 in the LAIA group. This difference in total costs 
between treatments groups was not statistically significant (p=0.302).
Conclusion: Costs for patients with T2D on a basal insulin regimen using 
LAIA do not seem to be higher in terms of healthcare resource than costs for 
patients using NPH insulin. This national study is ongoing and is expected to 
be revised with longer follow up and increasingly robust hospital data.

Figure. Follow-up annual healthcare costs 2005/6. NPH, neutral protamine 
Hagedorn insulin; LAIA, long-acting insulin analogues. Exchange rate: 2nd 
January 2009

Supported by: Novo Nordisk
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To amputate or not to amputate? Healing rates following minor 
amputation vs conservative treatment of diabetic foot ulcers
M.S.P. Huijberts, P. van Battum, L. Prompers, I. Ferreira, N.C. Schaper, 
Eurodiale Study Group; 
Dept. of Internal Medicine, Maastricht University Medical Centre, 
Netherlands.

Background and aims: Minor amputation is performed frequently as part of 
the management of diabetic foot ulcers. The decision to amputate is made by 
the professional in charge and is guided by factors such as the extent of tissue 
loss and bone involvement. The extent to which healing rates following minor 
amputation or conservative treatment differ is unclear. Therefore we have ex-
amined this in a large European cohort of diabetic foot ulcer patients.
Materials and methods: We examined 1088 patients from the Eurodiale 
study, a prospective cohort study of patients with new diabetic foot ulcers 
who were followed, on a monthly basis, until healing, death, major amputa-
tion or up to a maximum of 1 year. Ulcers were treated according to inter-
national guidelines. Patient, foot and ulcer characteristics were obtained at 
baseline, and data on minor amputations were collected on a monthly basis. 
Multiple logistic regression models were used to compare the probabilities 
of healing between those subjects who underwent vs. those who did not un-
derwent a minor amputation. These analyses were first adjusted for the dif-
ferences between patients in time at which minor amputations took place 
(model 1) and then for characteristics previously identify to be independently 
associated with minor amputation (i.e. male sex, depth of the ulcer, periph-
eral artery disease and infection, model 2) and further for additional char-
acteristics also previously identified as independent predictors of healing in 
this cohort (model 3).
Results: Within the follow-up period 194 patients (22%) underwent at least 
one minor amputation; overall healing rate was 77%. Patients who under-
went a minor amputation were more likely to heal than those who did not: 
OR=1.69 (95%CI: 0.98-2.92, model 1). After taking into account the base-
line differences, between these 2 groups, in independent correlates of minor 
amputation, the odds of healing were 2.63 times greater (95%CI: 1.47-4.70) 
among subjects who underwent minor amputation than those who did not 
(model 2). Further adjustments for other characteristics known to inde-
pendently determine healing only slightly attenuated these odds: OR=2.53 
(95%CI: 1.39-4.59).
Conclusion: Performing a minor amputation is associated with a higher 
probability of healing as compared to conservative treatment of diabetic foot 
ulcers. Nevertheless, for every individual diabetic patient with a foot ulcer 
the choice for conservative treatment or minor amputation should be made 
taking into account the potential short- and long term burden, risks and ben-
efits.
The Eurodiale study was supported by the EC (5 FP Grant QLG4-CT-2002-
01524)

218
Diabetic foot disease and reduction of major amputations in Italy: 
results of an Italian 5-year study (2001-2005)
R. Anichini1, F. Lombardo2, C. Caravaggi3, A. DeBellis1, M. Maggini2; 
1Internal Medicine, Diabetes Unit, Pistoia, 2Epidemiology, Istituto Superiore 
di Sanità, Rome, 3Diabetic Foot Unit, Abbiategrasso Milano, Italy.

Background and aims: Until now in Italy clear data on the incidence of 
amputation rate in diabetic subjects compared to non diabetic subjects , as 
well as on the hospitalization rate for diabetic foot problems are not avail-
able. Moreover the amount of peripheral arterial disease and relative vascular 
procedures has not been well evaluated yet. In the present study we present 
accurate and complete data on hospitalization for diabetic foot (ulcers, gan-
grene, diabetes-related lower extremity amputations (DRLEAs) and non dia-
betes-related lower extremity amputations (non-DRLEAs) in Italy over a 5 
-year period (2001-2005).the data base for this study was taken from Italian 
Register of DRG (ICD9-CM ed 2002), containing information regarding all 
hospital admissions for diabetic patients, including diabetic foot problems 
occurred during years 2001-2005.
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Results: From 2001 to 2005 in Italy the hospitalization rate (HR) (for all caus-
es) for diabetes patients significantly increased from 9.2 (in 2001) (x 1000 
inhabitants) to 10.24 (in 2005): in these years the prevalence of diabetes in-
creased from 3.9 (x 100 inhabitants) in 2001 to 4.2 (x 100 inhabitants)(Italian 
National Health data base). In table 1 is shown the hospitalization rate (per 
100,000 inhabitants) of diabetic population; in years 2001 - 2005 hospitaliza-
tion for ulcers increased by 42%; gangrene by 28% and hospitalization for 
peripheral arterial occlusive disease by 27%. In the same period of time it 
was observed that, while minor amputations were increased, major amputa-
tions seemed to show a linear trend to reduction. The ratio between DRLEAs 
and non-DRLEAs was in these years about 75%. Moreover, in 2001 the to-
tal number of vascular procedures was 4549 (2285 endovascular peripheral 
revascularization angioplasty and 2264 surgical procedures peripheral by-
pass); in 2005 the total number of vascular procedures rose to 10325 with 
a significant increase of peripheral angioplasty (7735) in comparison with 
surgical procedures. 
Hospitalization rate= patients recovered at least once a year for a specific pa-
thology/ inhabitants
Conclusion: In the study period (2001-2005) in Italy the incidence rate of 
major DRLEAs was decreased.These results could be possibly explained with 
the implementation of Diabetic Foot Care occurred in Italy since1999, follow-
ing the publication of International Consensus on Diabetic Foot. It is notable 
the increasing amount of peripheral angioplasty as a diagnostic-therapeutic 
approach in the peripheral arterial occlusive disease. This finding provides 
support for the critical role of revascularization in diabetic foot disease and 
we expect this technique has become even more feasible in the last years.

Table1 2001 2002 2003 2004 2005
Peripheral arterial occlusive disease : 42.0 47.8 50.3 52.4 53.5
Diabetic foot Ulcers 22.2 26.3 29.1 30.2 31.6
Gangrena 13.0 15.4 16.0 16.5 16.7
Peripheral amputations*:
minor 4.8 5.6 6.0 6.7 6.7
major 3.3 3.7 3.8 3.6 3.5
total 8.4 9.8 10.2 10.6 10.6
*Traumatic and neoplastic amputations are not included , minor: ICD9 8411-
8412, major: ICD9 8413-8419

Supported by: Italian Diabetic Foot Study Group SID-AMD
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A multiprofessional project to reduce the incidence of lower-limb 
amputation in the diabetic population
C. Lemaire1, J. Caron2, J. Coquart3, A. Boulogne1, H. Topolinski1,  
F. Wibaux1, C. Gillot1, L. Clement4; 
1Diabetology, Germon et Gauthier Hospital, Bethune, 2Endocrinology, 
General Hospital, Calais, 3Quality Department, Germon et Gauthier 
Hospital, Bethune, 4Réseau Prevart, Bethune, France.

Background and aims: Many diabetic patients develop peripheral vascular 
disease that, when severe, may require lower-limb amputation (LLA). To 
avoid LLA, educational and therapeutic handling must be proposed. Since 
2003, action plan to reduce the incidence of LLA was performed in the 
country of Bethune (North of France, 250 000 h). This action plan includes: 
vocational training of podiatrists, nurses, and medical doctors, distribution 
of nylon filaments for medical doctor, campaigns of detection, educational 
intervention program...
The purpose of this study was to examine the effects of interprofessional edu-
cational and therapeutic handling on the incidence of LLA in the diabetic 
population.
Materials and methods: This study was conducted in the Central Hospital 
of Bethune. The inclusion criteria were LLA performed because of peripheral 
vascular and/or neuropathy disease(s) since 1/01/2000 through 31/12/07. All 
patients undergoing LLA in the operating room were recorded consecutively. 
The anthropometric and clinical data were collected, then analyzed from 
Khi² or paired Student’s t-test.
Results: During the 7-year period, LLA was performed on 285 patients. 213 
were diabetic (65% men; age: 66.0 yrs; HbA1c: 8.3%). Since 2003, although 
the number of hospitalized patients in hospital increased, the number of LLA 
decreased year by year : 29 in 2000 vs 19 in 2007. Since 2005, the incidence of 
LLA was significantly reduced (1,97 0/00 000 vs 1.34 in 2007). The number 

of amputated patients because of peripheral vascular disease was similar; 
whereas the number of amputated patients with neuropathy decreased. LLA 
especially concerned: men > 60 years, with type 2 diabetes since more than 10 
years, not controlled, with diabetic complications (e.g., retinopathy, nephrop-
athy, ischemic cardiomyopathy...). Moreover, the patients have foot wound 
since more than 8 weeks. The population with peripheral artery disease was 
older (p < 0.001), their incidence of reamputation was higher (p < 0.05). Their 
LLA was often proximal (p < 0.001) with a higher complication rate (p < 
0.001), and a lower prognostic (p < 0.001).
Conclusion: These results suggest that the multiprofessional educational and 
therapeutic handling have beneficial effects on the incidence of LLA in the 
diabetic patients with neuropathy. Further studies are necessary to verify 
these results.

220
Can we limit frequency of amputations in diabetic foot ulcer (DFU) 
patients?
G. Rosinski, A. Krakowiecki, E. Sobol, M. Kasprowicz; 
Gastroenterology and Metabolic Diseases, Medical University of Warsaw, 
Poland.

Background: DFU clinic in Warsaw was established in 2000 and provides 
specialized DFU care for the whole Mazovian region (over 5 mln inhabit-
ants).
Among 1200 patients of our DFU Outpatient Clinic (DOC) 107 were quali-
fied for high amputations before admission but the limbs were saved. In the 
region covered by DOC incidence of high amputations decreased from 8.3 
per 100,000 in 2006 to 7.1 in 2007.
The aim of the study was to describe the group who underwent plantar or 
high amputations in order to investigate possibilities of reducing frequency 
of amputations.
Methods: Analysis comprised 866 patients of DFU clinic in Warsaw with 
complete data available, including 420 patients with amputations.
Classification of DFU was based on:
• Assessment for diabetes peripheral neuropathy: neurotensimeter, monofila-
ment, camerton
• Assessment for peripheral artery disease: ABI < 0.7 - ischemic type
• Charcot artropathy was distinguished based on clinical presentation and 
presence of foot bone lesions.
Amputations were classified as plantar of high (above the ankle).
Results: 

Characteristics of the patients of the clinic (whole group) and of the patients 
with amputation
Whole group (N=866) Amputation group (N=420)
Sex: 65.3% males, 34.7.% females
Residence: 70.0% urban, 30% rural
-Education: 37.5% primary, 50.0% 
secondary, 12.5% higher,
DFU type: 60.7% neuropathic, 10.3% 
ischemic, 29% mixed

Sex: 74.6% males, 25.4% females
Residence: 80.8% urban, 19.2%rural
-Education: 42.9 primary, 53.0% 
secondary, 8.1% higher
DFU type: 23.7% neuropathic, 39.3% 
ischemic, 37.1% mixed

There were 442 amputations, including 86 (19,5%) high amputations.
Frequency of amputation significantly higher:
• in patients from rural areas
• in ischemic DFU (Table 1)
Plantar amputations were significantly more frequent in case of ulcers local-
ized in the foot areas 1 and 2 independently of the type of DFU.
Plantar amputations were more frequent on the left foot.
Localization of lesions preceding plantar amputations
The percentage of high amputations among all amputations decreased signifi-
cantly from 31,9% in 2000-2001 to 14,1% in 2006-2007.
The percentage of high amputations was higher among persons with el-
ementary education (36.2%) then among persons who completed secondary 
schools or university degrees (19.9%).
Conclusion: 1. Lesions localized in fields 1 and 2 often lead to plantar ampu-
tations and should be closely followed.
2. Less educated people may require reinforced educational messages in order 
to prevent amputations, especially high amputations.
3. Population of rural areas may have poor access to specialized care and may 
profit from telemedicine.
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The mortality of patients with acute Charcot foot compared to patients 
with neuropathic ulcers and the normal population
F. Game, J. Van Baal, W. Jeffcoate; 
Foot Ulcer Trials Unit, Nottingham, United Kingdom.

Background and aims: The mortality associated with the acute Charcot foot 
is not clear, and its assessment is made difficult by the rarity of the condition 
and the influence of population selection on those managed in specialist cen-
tres. Two studies have previously reported that mortality is very low: Arm-
strong et al reported no deaths in a population of 55 patients, with a mean 
follow-up of 92.6 weeks while Fabrin et al noted just two deaths in a retro-
spective study with a total of 115 patients followed for a mean of 48 months.
On the other hand, we have previously reported much higher mortality in a 
series of 47 patients who presented between 1980 and 2000. These patients 
were compared with an equivalent population, referred with neuropathic ul-
ceration. 44.7% of patients with Charcot died after 3.7 years mean follow-up, 
compared with 34.0% died of those with neuropathic ulcers, after a similar 
follow-up period, but these were not significantly different. The purpose of 
this study was to attempt to confirm our previous findings in a more recent 
population attending in the same specialist centre. We have therefore re-
viewed a population presenting with an acute Charcot foot, and compared 
the outcome in a matched population with neuropathic foot ulcers.
Materials and methods: Details of all patients with an acute Charcot foot and 
newly referred to our multidisciplinary service between 2000 and 1st October 
2007 were extracted from the specialised foot clinic database, and survival 
checked against the hospital master patient index. The results were compared 
with those from a population referred with a neuropathic foot ulcer first re-
ferred over the same time, and matched for age, gender and diabetes duration 
and also a matched normal population derived from normative UK data .
Results: A total of 70 (70% Type 2 diabetes, mean age 57.4 (SD ±12) years; 
68.8% male) patients presented with an acute Charcot foot to our multidisci-
plinary service. There were 66 matched patients with neuropathic foot ulcers. 
By 1 October 2008, 13 (18.6%) patients with a Charcot foot had died (8 men) 
at a mean age of 61.7±11.5 years and after a median of 2.1 (95% CI 0.5-5.6) 
years. 22 (33.3%) patients in the control group had also died (20 men) at 
mean age of 65.1±11.0 years, and after a median of 1.3 (0.2-5.6 years (p=0.13). 
Kaplan-Meier survival analysis was performed. Log rank tests for the equal-
ity of the survivor function for the Charcot and control patients showed 
no significant difference between groups (p=0.17). When the two cohorts 
(1980 to 2000 and 2000 to 2007; 117 patients with acute Charcot and 113 
controls)were combined, the median time to death in the Charcot patients 
was 3.7 (95% CI 0.09-14.9) years and there was no different from the control 
ulcer patients: 2.7 (0.2-15.5) years (p=0.57). Kaplan-Meier survival analysis 
similarly showed no difference between the 2 groups (p=0.81). The median 
survival of a matched normal population derived from normative UK data 
was 22.3 (CI 19.4-25.3) years, compared with 7.9 (5.1-11.8) and 8.4 (6.0-9.8) 
years in Charcot and neuropathic ulcer groups, respectively (p<0.001).
Conclusion: These data confirm the high mortality in patients with an acute 
Charcot foot, and also show that mortality is equally high in those with neu-
ropathic foot ulcers. The high mortality in both groups may relate to an in-
creased prevalence of arterial calcification associated with neuropathy, and 
the effect of arterial calcification on pulse pressure and cardiovascular mor-
tality.
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Serum levels of osteoprotegerin are raised in diabetic peripheral 
neuropathy and are significantly correlated with peripheral arterial 
calcification 
M.E. Edmonds1, A. Korzon-Burakowska1, R. Saldana Chaparro2, T. Dew2,  
S. Stock2, C. Moniz2, N.L. Petrova1; 
1Diabetic Foot Clinic, 2Department of Clinical Biochemistry, King’s College 
Hospital, London, United Kingdom.

Background and aims: The osteoprotegerin (OPG) signalling pathway has 
been linked with diabetic neuropathy. The aim was to measure serum OPG 
in diabetic patients with and without neuropathy and to investigate its pos-
sible association with vibration perception threshold as a marker of large fibre 
neuropathy and with the presence of peripheral arterial calcification on foot 
and ankle radiographs.
Materials and methods: We studied 45 patients with diabetic neuropathy, 
88 patients without neuropathy and 22 healthy controls. Serum levels of os-

teoprotegerin were measured using ELISA (Biomedica, Austria). All patients 
had palpable foot pulses. Large fibre neuropathy was assessed by measuring 
vibration perception threshold (VPT) at the apex of the hallux and the mean 
of both feet was calculated. A subset of 38 patients was also assessed for the 
presence of peripheral arterial calcification on foot and ankle x-rays.
Results: Serum OPG was significantly raised in patients with diabetic neu-
ropathy compared with patients without neuropathy (5.1 pmol/l [3.8-6.1] 
versus 3.9 pmol/l [3.0-4.9], p=0.005; median [25th-75th percentile]) and also 
compared with healthy controls (5.1 pmol/l [3.8-6.1] versus 2.9 pmol/l [2.6-
3.8], p<0.001). Overall, serum OPG levels were positively correlated with the 
mean VPT (r= 0.262, p=0.009). In the subset of 38 patients, serum OPG was 
significantly correlated with the presence of peripheral arterial calcification 
(r= 0.445, p=0.005) as well as the mean VPT (r=0.253, p=0.012). Serum OPG 
was raised in both type 1 and type 2 diabetic neuropathic patients. In type 
1 diabetes, serum OPG was significantly raised in patients with neuropathy 
compared with patients without neuropathy (5.0 pmol/l [3.9-5.7] versus 3.8 
pmol/l [2.9-4.6], p=0.042) and also compared with healthy controls (5.0 
pmol/l [3.9-5.7] versus 2.9 pmol/l [2.6-3.8], p<0.001). Furthermore, in type 2 
diabetes serum OPG was raised in patients with neuropathy compared with 
patients without neuropathy (5.5 pmol/l [3.4-6.6] versus 4.0 pmol/l [3.2-4.9], 
p=0.05) and also compared with healthy controls (5.5 pmol/l [3.4-6.6] versus 
2.9 pmol/l [2.6-3.8], p<0.001).
Conclusion: Serum OPG is raised in both type 1 and type 2 diabetic patients 
with neuropathy. Furthermore, serum OPG is significantly correlated with 
peripheral neuropathy and peripheral arterial calcification.
Supported by: Diabetes UK
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Serum Fibroblast Growth Factor 21 in human obesity: regulation by 
hyperinsulinaemia and relationship with energy expenditure and glucose 
and lipid oxidation
M. Straczkowski, I. Kowalska, A. Nikolajuk, A. Adamska, M. Karczewska-
Kupczewska, A. Lebkowska, E. Otziomek, M. Gorska; 
Department of Endocrinology, Diabetology and Internal Medicine, Medical 
University of Białystok, Poland.

Background and aims: Recent studies suggested that Fibroblast Growth 
Factor 21 (FGF21) might increase glucose uptake in adipocytes and reduce 
plasma glucose and triglycerides in animal models of diabetes. The aim of the 
present study was to assess serum FGF21 concentration in lean and obese 
subjects, its regulation by hyperinsulinemia and relationship with insulin sen-
sitivity, resting energy expenditure (REE) and glucose and lipid oxidation.
Materials and methods: We examined 85 subjects with normal glucose toler-
ance, 42 lean (BMI <25 kg/m2, 19 males and 23 females) and 43 overweight or 
obese (BMI between 25 and 40 kg/m2, 20 males and 23 females). Euglycemic 
hyperinsulinemic clamp was performed in all subjects. In 28 participants, 14 
lean and 14 obese, serum FGF21 was also measured after clamp. In 48 sub-
jects, 25 lean and 23 obese, indirect calorimetry was performed in the base-
line state and during last 30 minutes of the clamp. An increase in respiratory 
quotient (ΔRQ) in response to insulin was used as a measure of metabolic 
flexibility.
Results: Fasting serum FGF21 did not differ between the lean and obese 
groups. Hyperinsulinemia resulted in an increase in serum FGF21 (p=0.024), 
due to an increase in the obese (p=0.022), but not in the lean group (p=0.43). 
In consequence, post-clamp serum FGF21 was markedly higher in the obese 
subjects (p=0.029). Fasting FGF21 was related to waist-to-hip ratio (r=0.35, 
p=0.001), triglycerides (r=0.44, p<0.0001), and REE in the baseline and hy-
perinsulinemic state (r=0.40, p=0.004 and r=0.34, p=0.018, respectively). 
Post-clamp FGF21 was associated with BMI (r=0.51, p=0.004), waist circum-
ference (r=0.58, p=0.0007), fasting and post-load insulin (r=0.52, p=0.004 
and r=0.41, p=0.029, respectively), baseline and clamp REE (r=0.46, p=0.02 
and r=0.40, p=0.049, respectively) and ΔRQ (r=-0.47, p=0.01). In the obese 
group, additional correlations between fasting FGF21 and an increase in glu-
cose oxidation (r=-0.53, p=0.009) and a decrease in lipid oxidation (r=0.45, 
p=0.025) in response to insulin was observed.
Conclusion: Our data show that serum FGF21 is associated with insulin re-
sistance-related abnormalities of human obesity.
Supported by: the grant 3-50810 from Medical University of Bialystok, Poland
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Angiotensin II increases insulin-stimulated whole body glucose disposal 
but impairs insulin-induced capillary recruitment in healthy volunteers
A.M. Jonk1, A.J. Houben1, N.C. Schaper1, P.W. de Leeuw1, E.H. Serné2,  
Y.M. Smulders2, C.D. Stehouwer1; 
1Dept of Medicine, Maastricht University Medical Centre and 
Cardiovascular Research Institute Maastricht, 2Dept of Medicine, VUMC, 
Amsterdam, Netherlands.

Background and aims: Insulin induces precapillary vasodilatation and capil-
lary recruitment, contributing to glucose uptake (↓) and blood pressure(↓) 
regulation. Blocking the renin-angiotensin system (RAS) in hypertensive 
subjects improves insulin sensitivity. In contrast, studies in healthy subjects 
have demonstrated enhanced insulin-stimulated glucose uptake with Angi-
otensin II (AII) infusion. Possibly, this effect is mediated via the microcir-
culation. In the present study we determined the effects of AII on insulin-
induced microvascular function in relation to insulin sensitivity and blood 
pressure regulation in healthy subjects.
Materials and methods: In 18 lean healthy subjects microvascular func-
tion was examined at baseline, during insulin infusion (hyperinsulinaemic 
euglycaemic clamp 50mU·kg-1·hr-1), and during co-infusion of AII (2ng·kg-

1·min-1) or phenylephrine (0.5μg·kg-1·min-1) (PE; pharmacological control). 
Using capillaroscopy we determined skin capillary density (n/mm2), capillary 
recruitment (peak n/mm2 during post-occlusive reactive hyperemia, PRH), 
and capillary density during venous congestion (n/mm2). We determined 

whole body glucose uptake (WBGU, (mg·kg-1·min-1·pmol·L-1)*100) and blood 
pressure. All subjects were tested on a high sodium diet (220 mmol/day). In 
addition, we studied the pressor responses to AII and PE in seven subjects 
during normoinsulinaemia.
Results: Compared to the basal state, hyperinsulinaemia increased baseline 
capillary density (56.4±13.3 vs. 52.8±11.2 n/mm2, P<0.01), capillary recruit-
ment (71.7±10.3 vs. 68.7±8.7 n/mm2, P=0.03), and density during venous 
congestion (82.0±13.1 vs. 80.0±12.7 n/mm2, P<0.01). Infusion of AII, but not 
PE, reduced insulin-induced capillary recruitment (65.2±8.0 vs. 71.7±10.3 
n/mm2, P=0.02) and venous congestion (73.9±12.1 vs. 82.0±13.1 n/mm2, 
P=0.03). AII and PE had an equal pressor response during normoinsuline-
mia (ΔMAP AII 14.2; PE 12.9mmHg). During hyperinsulinemia the pressor 
response to PE, but not to AII, was reduced (p=0.03) (ΔMAP AII 12.7; PE 
5.3 mmHg). AII, but not PE infusion, augmented insulin-stimulated WBGU 
(2.4±0.71 vs. 2.68±0.64; P<0.01).
Conclusion: Our data indicate that insulin increases skin capillary density, 
skin capillary recruitment (PRH), and density during venous congestion. We 
found a reduction in insulin-stimulated capillary recruitment and density 
at venous congestion with AII, and not PE infusion. In addition, our blood 
pressure data indicate that AII, and not PE, affects insulin-mediated blood 
pressure reduction. Therefore, our data suggest possible interactions of AII 
with insulin signaling pathways at different levels in the (micro)circulation 
(i.e., at capillary level and the level of the resistance arteri(ol)es). However, 
despite these attenuating effects of AII on insulin-mediated capillary recruit-
ment, AII infusion stimulated whole body glucose uptake. Because skin mi-
crocirculation is thought to be representative of that of skeletal muscle, these 
data suggest that AII influences glucose disposal in tissues other than skeletal 
muscle, and (or) that AII influences muscle glucose uptake through non-vas-
cular effects.

225
Effect of hyperglycaemia on whole-body glucose metabolism and muscle 
glycogen synthase activity during physiological hyperinsulinaemia in 
type 2 diabetes
B.F. Vind1, J.B. Birk2, H. Beck-Nielsen1, K. Højlund1, J.F.P. Wojtaszewski2; 
1Department of Endocrinology and Metabolism, Odense University 
Hospital, 2Copenhagen Muscle Research Centre, University of Copenhagen, 
Denmark.

Background and aims: In type 2 diabetes, insulin-stimulated glucose dis-
posal (Rd) is reduced, mainly due to decreased glycogen synthesis in skeletal 
muscle. This has been associated with decreased insulin activation of glyco-
gen synthase (GS). Previous investigations have suggested that hyperglycemia 
may compensate for these defects, although sufficient control studies were 
lacking. In this study, we examined the effect of hyperglycemia on insulin ac-
tion on glucose metabolism and GS activity in patients with type 2 diabetes.
Materials and methods: Whole-body glucose metabolism was studied in 12 
patients with type 2 diabetes and 10 lean, healthy and 10 obese non-diabetic 
control subjects by means of indirect calorimetry and tracers during a eugly-
cemic-hyperinsulinemic clamp. In addition, the diabetic subjects underwent 
a hyperglycemic-hyperinsulinemic clamp. Muscle biopsies from m. vastus 
lateralis were obtained for examination of GS fractional velocity and I-form 
activity, which are believed to reflect the degree of dephosphorylation of GS.
Results: During euglycemia (~5.5 mmol/l), insulin-stimulated Rd, glucose 
oxidation, and non-oxidative glucose metabolism were reduced in the dia-
betic group compared to both control groups (all p<0,01). Insulin-stimulated 
GS activity were also lower in the diabetic group compared with the obese 
and lean groups (I-form activity: type 2 diabetes 28.5 ± 2.7, obese 36.2 ± 2.4, 
lean 38.7 ± 2.4 %; p<0.01). When the diabetic subjects were studied under 
hyperglycemia (9.3 mmol/l), the insulin-stimulated values of glucose me-
tabolism were all normalized compared with the control groups, whereas the 
insulin activation of GS (I-form activity: type 2 diabetes 28.6 ± 2.0) remained 
impaired compared to the control groups (p<0.01).
Conclusion: These data confirm that hyperglycemia compensates for de-
creased whole-body glucose disposal in type 2 diabetes. However, in contrast 
to previous less well-controlled studies, normalization of insulin action on 
GS activity does not seem to be the cellular mechanism in skeletal muscle that 
contributes to the compensatory effect of hyperglycemia in type 2 diabetes.
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Intramyocellular ATP flux is not dependent on insulin action in type 2 
diabetes
E.L. Lim, M.I. Trenell, K.G. Hollingsworth, F.E. Smith, P.E. Thelwall,  
R. Taylor; 
Newcastle Magnetic Resonance Centre, Newcastle upon Tyne, United 
Kingdom.

Background and aims: Mitochondrial dysfunction has been implicated in 
the pathogenesis of type 2 diabetes (T2D). The reduced capacity of mitochon-
dria to produce ATP in muscle of type 2 diabetes could be a consequence of 
reduced insulin action and hence reduced need for ATP rather than a pri-
mary mitochondrial defect. We hypothesised that normalising the rate of gly-
cogen synthesis by the mass action effect of hyperglycaemia would normalise 
ATP flux in T2D.
Materials and methods: 31P magnetic resonance spectroscopy (MRS) was 
used for the direct in vivo measurement of the rates of intramyocellular ATP 
flux and inorganic phosphate (Pi) concentration whilst 13C MRS was used to 
measure glucose storage as muscle glycogen. 13C-enriched glucose (20%) was 
infused to clamp blood glucose. Measurements were made before and during 
standard isoglycaemic hyperinsulinaemic (40mU/m2/min) clamps and hy-
perglycaemic hyperinsulinaemic clamps on separate days. Eleven sedentary 
T2D subjects (age 56 ± 2 years; BMI 29.1 ± 1.2 kg/m2; HbA1c 6.6 ± 0.2%) 
and five age-, BMI-, and physical activity-matched normal glucose tolerance 
subjects were studied.
Results: Insulin stimulated muscle glycogen synthesis was 43% lower in T2D 
than controls during isoglycaemic hyperinsulinaemia (glycogen increment 
from basal: 20.6 ± 11.2 vs. 58.8 ± 10.6 units; p<0.05). Under conditions of 
hyperglycaemic hyperinsulinaemia, both T2D and controls had increased 
muscle glycogen synthesis by ~2.6 fold compared to that observed under iso-
glycaemic hyperinsulinaemia (glycogen increment from basal: 55.2 ± 18.1 vs. 
199.6 ± 43.4 units; p<0.05). These observations were consistent with overall 
glucose disposal rates (T2D: 4.79 ± 0.57 vs. 7.69 ± 0.80 and Controls: 6.73 ± 
0.57 vs. 11.81 ± 1.10 mg/kg/min for iso- and hyper-glycaemia respectively; 
p<0.05). In contrast, ATP flux did not change in T2D or controls after 90 min 
of isoglycaemic hyperinsulinaemia (-4.2 vs. 4.2% from basal respectively). 
ATP flux during hyperglycaemic hyperinsulinaemia did not change in T2D 
(2.1% from basal) but increased by 28.5% (p<0.05 vs. basal) in controls. The 
calculation of ATP flux depends upon measurement of intramyocellular Pi, 
and this increased to a similar extent in T2D and controls (to 4.32 ± 0.23 vs. 
4.31 ± 0.27 and 4.59 ± 0.55 vs. 4.91 ± 0.47 mmol/l for iso- and hyper-glycae-
mia respectively).
Conclusion: These data demonstrate that the defect in insulin-stimulated in-
tramyocellular ATP flux in T2D is not directly related to insulin-stimulated 
muscle glycogen synthesis.
Supported by: the Wellcome Trust

227
Proteome analysis in muscle biopsies of lean, obese and obese type 2 
diabetic patients
H.H. Klein1, J. Giebelstein1, J.W. Dietrich1, W. Schechinger1, G. Poschmann2, 
K. Podwojski2, K. Stühler2, H.E. Meyer2, K. Levin3, H. Beck-Nielsen3, K. 
Højlund3; 
1BG University Hospital Bergmannsheil, Bochum, Germany, 2MPC, Ruhr 
University Bochum, Germany, 3Odense University Hospital, Denmark.

Background and aims: The mechanisms of insulin resistance in obesity and 
diabetes are largely unknown. Here we analysed human skeletal muscle tissue 
using a proteomic approach with the goal to identify proteins with different 
expression between lean, obese and/or obese diabetic subjects. Since biopsies 
were obtained before and at the end of hyperinsulinemic clamps, the effect of 
insulin on protein expression could also be analysed.
Materials and methods: Proteome analysis was perfomed using M. quad-
riceps biopsies obtained before (basal, B) and at the end of 180 min glucose 
clamps (400mU/m2/min, CL) from 10 lean (L; BMI 24.2±0.5), 11 obese (O; 
BMI 33.7±1.4) and 10 obese type 2-diabetic (OD; BMI 33.5±1.1; HbA1c 
7.3±0.4) patients. 50 µg protein muscle tissue lysates were labeled with 
CyDye fluor and expression profiles analysed by 2D-differential gel electro-
phoresis (2D-DIGE). For this, 31 gels were run resulting in 93 spot maps (62 
individual samples and 31 internal standards). Analysis of relevant spots was 
performed by nano liquid chromatography electrospray ionization-MS/MS 
analysis (nano-HPLC/ESI-MS/MS).

Results: About 2400 individual spots were detected in all gels. Of these, 548 
spots were considered relevant based on the criteria that there was at least 
one significant difference (t-test) and a mean difference of at least two-fold 
between the 6 groups of samples (basal and clamp biopsies of L, O, OD), 
and 95 of these proteins were identified by nano-HPLC/ESI-MS/MS (37% 
structural, 26% metabolic, 37% unassigned proteins). Using these criteria, 
between O and L 145 and 74 spots were different in the basal and clamp bi-
opsies, respectively, and 26 in both. Of these, 10 spots have been identified 
(70% structural, 30% metabolic). Between OD and O 55 and 55 spots were 
different in the basal and clamp biopsies, respectively, with 9 being differ-
ent in both. If all 31 basal and 31 clamp biopsies were compared, differences 
were found in 71 spots of which 8 have been identified (62.5% structural, 
25% metabolic, 12.5% unassigned). Since several clinical parameters showed 
a considerable overlap between groups, it was also analysed in all 31 basal 
and clamp biopsies, respectively, whether spot volumes were correlated to 
these parameters. Significant correlations (spearman correlation on ranks) 
with clamp GDR were found in 209 and 97 spots of basal or clamp biopsies, 
respectively, and in 58 spots both B and CL biopsies were positively (31) or 
inversely (27) correlated. 15 spots have been identified (47% structural, 53% 
metabolic). Other significant correlations were observed with BMI (B 132, 
CL 43, both B and CL 16 spots), serum adiponectin (B 92, CL 116, both B and 
CL 31 spots), FFA concentration (B 30, CL 31, both B and CL 2 spots), basal 
glucose (B 73, CL 52, both B and CL 9 spots) or basal lipid oxidation (B 101, 
CL 55, both B and CL 19 spots).
Conclusion: Using this approach it was possible to identify proteins whose 
expression is associated with obesity or type 2-diabetes, respectively and pro-
teins whose expression is influenced by a 180 min in vivo insulin stimulation. 
Moreover, in this relatively large data set, correlations between the abundance 
of proteins and clinical parameters could be analysed.
Supported by: FoRUM Grant (F 587-2007, Ruhr University Bochum)
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Adding exercise to a 16-week very low calorie diet increases skeletal 
muscle mitochondrial copy number and peak oxygen consumption in 
obese, insulin-treated type 2 diabetic patients
I.M. Jazet1, M. Snel1, A. Gastaldelli2, M. Frolich3, E. Ferrannini2,  
J.A. Romijn1, H. Pijl1, D.M. Ouwens4, A.E. Meinders1; 
1Endocrinology/General Internal Medicine, Leiden University Medical 
Center, Leiden, Netherlands, 2University of Pisa School of Medicine, 
National Research Center, Italy, 3Clinical Chemistry, Leiden University 
Medical Center, Netherlands, 4Molecular Cell Biology, Leiden University 
Medical Center, Netherlands.

Background and aims: Loss of 50% overweight using a very low calorie diet 
(VLCD, Modifast®, 450 kcal/day) improves whole-body insulin sensitivity 
and PKB-regulated skeletal muscle insulin signalling in obese insulin-de-
pendent type 2 diabetic (DM2) patients. This study investigates whether add-
ing exercise to calorie restriction has additional beneficial effects, especially 
on skeletal muscle.
Materials and methods: Twenty-seven obese (BMI 37.2 ± 0.89 kg/m2 (mean 
± SEM)) insulin-treated DM2 patients underwent a 16-week VLCD. Thirteen 
of them simultaneously followed an exercise programme consisting of one-
hour in-hospital training and four 30-minute training sessions on a home-
bicycle weekly. Oral glucose-lowering agents and insulin were discontinued 
3 weeks prior to and at the start of the VLCD, respectively. A euglycemic-hy-
perinsulinemic clamp with stable isotopes (6,6-2H2-glucose) combined with 
skeletal muscle biopsies, indirect calorimetry and peak oxygen consumption 
testing (VO2max) were performed before and after the intervention. 
Results: Baseline characteristics between study groups were identical. Both 
groups lost considerable weight (-23.7 ± 1.7 kg VLCD-only vs. -27.2 ± 1.9 
kg VLCD+exercise, p=NS) with the exercise-group losing more fat mass. 
Glycemic control improved considerably and similarly in both groups 
(HbA1c: VLCD-only 7.9 ± 0.2 % to 6.7 ± 0.3 %, p=0.008; VLCD+exercise 
7.5 ± 0.4 % to 5.7 ± 0.2 %, p<0.0001) despite the fact that all glucose-lower-
ing agents including insulin were withdrawn. Insulin-stimulated glucose-dis-
posal increased equally in both study groups (15.0 ± 0.9 to 39.2 ± 4.7 μmol.
min-1.kglbm-1 VLCD-only vs. 17.0 ± 1,0 to 37.5 ± 3.5 μmol.min-1.kglbm-1 
in VLCD+exercise), as did PKB-regulated insulin signaling (PRAS40 and 
AS160). In contrast, skeletal muscle mitochondrial DNA (mtDNA) con-
tent increased only in the VLCD+exercise group (1211 ± 185 to 2288 ± 358, 
p=0.016), not in the VLCD-only group (1397 ± 240 to 1196 ± 179, p=NS).
The increase in mtDNA was accompanied by an increased VO2max (+6.6 ± 
1.7 ml.min-1.kglbm-1 vs. +0.7 ± 1.5 ml.min-1.kglbm-1 VLCD-only, p=0.017) 
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and lower basal glucose oxidation (and hence higher basal lipid oxidation) 
rates and a greater increase in insulin-stimulated glucose oxidation in the 
VLCD+exercise group as compared to the VLCD-only group, suggesting en-
hanced metabolic flexibility.
Conclusion: Adding exercise to a 16-week VLCD does not have additional 
effects on whole-body insulin sensitivity or PKB-regulated signalling path-
ways. It does however preserve lean body mass, and increases skeletal muscle 
mtDNA content. The latter was associated with an increase in VO2max and a 
greater flexibility to switch between glucose and lipid oxidation.
Supported by: Nutrition&Sante Benelux, Breda, The Netherlands; Roba Metals 
BV IJsselstein, The Netherlands

OP 39 Healthcare delivery
229
The cost of diabetes complications: registry-based analysis of days absent 
from work
U. Ploug1, J. Sørensen2, K. Jansen3; 
1Novo Nordisk Scandinavia AB, Copenhagen, 2University of Southern 
Denmark, Odense, 3IMS Health, Copenhagen, Denmark.

Background and aims: As a chronic disease, many of the costs of diabetes 
stem from the associated complications rather then the disease itself. These 
add a considerable burden on health care systems across Europe. But patients, 
employers and society incur an additional, indirect cost trough the absence 
from work caused by sickness days and early retirement, yet little is known 
about the size of such costs. The unique Danish person identification number 
enables researchers to combine data from different administrative registries, 
including the municipal sickness benefit register that contains data on ab-
sence from work and subsidies paid. The aim of this study was to analyse the 
annual number of days absent from work associated with a range of compli-
cations in individuals with diabetes.
Materials and methods: 34882 adults aged 18-70 years with a history of hos-
pital diagnosed diabetes (ICD-10 code: E10-E14) were identified from a large 
national sample of the Danish population (n=2.2 mio. persons (40% of the 
Danish population) with 6 years’ hospital utilisation data). The occurrence of 
a complication was defined as a hospital admission with a specified diagnosis 
or procedure code. Data on sickness episodes with municipal subsidy (i.e. 
sickness periods longer than 14 calendar days) were retrieved for each indi-
vidual. Those individuals in early retirement (n=9720), voluntary retirement 
(n=3320) and receiving social benefits (n=1335) were assumed to be absent 
from work the whole year. Days absent from work attributable to complica-
tions were defined as the difference in mean absence days between individuals 
with and without the specified complication and were calculated for the first 
and subsequent years after the initial episode of the recorded complication.
Results: The table shows the 10 most frequent complications in the adult 
diabetic population and the average attributable days of absence from work. 
Angina pectoris, ischemic stroke and heart failure were the three most fre-
quent complications. Heart failure, amputation, renal disease and peripheral 
vascular disease were on average associated with more than three months 
additional absence from work during the first year and subsequent years. Ul-
cers and neuropathy were complications that were associated with more days 
absent from work during the first year than in subsequent years.
Conclusion: Diabetes complications are associated with a substantial number 
of additional days absent from work. The avoidance of these complications 
could benefit both patients and society. 

Additional days absent from work assoc. with diff. compl. in diabetes pa-
tients (n=34882)
Complication First year of complication Subsequent years of com-

plication
n with  
compli-
cation

Additional days 
absent from work 
(95% CI)

n with  
#compli-
cation

Additional days 
absent from work 
(95% CI)

Myocardial infarc-
tion

839 62.4 (51-71) 1419 64.9 (56-74)

Angina pectoris 1432 56.0 (47-65) 3500 71.6 (66-78)
Peripheral vascular 
disease

723 86.1 (73-99) 1692 91.6 (83-100)

Ischemic stroke 919 81.6 (70-93) 1905 94.7 (87-103)
Heart failure 896 95.0 (84-106) 1557 102.5 (94-111)
Renal disease 341 93.7 (75-112) 575 93.1 (79-107)
Uninfected ulcer 360 82.6 (65-100) 578 74.7 (61-89)
Infected ulcer 289 39.2 (19-59) 676 16.0 (2-29)
Neuropathy 317 38.7 (20-58) 1083 19.1 (9-30)
Amputation 325 99.2 (80-118) 422 90.2 (74-107)

Supported by: Novo Nordisk Scandinavia A/S
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The English national diabetes audit 2003-2008
B. Young1, J. Henderson2, B. Turner3, R. Hillson4; 
1Salford Royal Hospital, 2NHS Information Centre, Leeds, 3Diabetes UK, 
London, 4Department of Health, London, United Kingdom.

Background and aims: In England standards were established in 2003 by the 
Diabetes National Service Framework and subsequently by NICE guidelines 
for the key annual processes and treatment targets of diabetes care. To fa-
cilitate improvement towards these standards a national clinical annual audit 
was established concurrently.
Materials and methods: A dataset was approved by the NHS Information 
Standards Board and implemented in clinical information systems. Automat-
ed and manual annual data extraction systems were established by the NHS 
Information Centre (IC) to which data is uploaded securely and confiden-
tially. This data is linked via a unique NHS number to hospital discharge data 
which is also compiled by the IC. Summary reports are produced annually 
and participants can also use a secure online data analysis tool.
Results: Participating clinical services collaboratively audited 253,000 pa-
tient records in 2003-4 rising to 1,420,000 in 2007-8. The audit now includes 
67% of the diagnosed population or 57% of the estimated (YHPHO PBS3 
model) population of people with diabetes in England. The diagnosed versus 
estimated ratio has improved (77% 2003-4 increased to 86% 2007-8). Care 
processes completion rates have improved year on year e.g. HbA1c measure-
ment (76% 2003-4 to 91% 2007-8), retinal screening (47% 2003-4 to 69% 
2007-8), while completion of all nine key processes has improved from 7% 
in 2003-4 to 40% in 2007-8. Treatment target achievement rates have also 
improved e.g. HbA1c<7.5% 53% in 2003-4 increasing to 63% in 2007-8, 
Cholesterol<5mmol/l 65% to 78%. However these encouraging average na-
tional figures conceal wide variations; thus in 2007-8 some health economies 
achieved all nine key care processes in only 16% while in others it was 63% 
while for glucose control in some areas only 40% of people with diabetes 
achieved HbA1c <7.5% in while others 72% achieved this level; and nation-
ally the HbA1c <7.5% target was achieved in only 18% of children and young 
people. The pattern in respect of acute and late complications also shows na-
tional trends and local variation: thus overall the rates of DKA, MI, CVA 
& Major amputation have remained stable while renal failure treatment is 
increasing; but, for example, DKA, MI & CVA rates vary three to four fold, 
renal failure treatment rates vary six to eight fold and major amputation rates 
vary more than tenfold between localities.
Conclusion: This national quality monitoring programme is: helping local 
care providers accurately to benchmark against peer services; facilitating im-
provements in care and outcomes; and providing commissioners and poli-
cymakers with robust information about performance against the national 
standards. It has documented significant improvement over 5yr and the con-
tinuing extent of local variation suggests much more improvement is pos-
sible.
Supported by: Healthcare Commission National Clinical Audit Programme
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Appraisal and comparison of guidelines for the management of people 
with type 2 diabetes in eight European countries
M.A. Stone1, J.C. Wilkinson1, G. Charpentier2, N. Clochard3, U. Lindblad4, 
U.A. Müller5, J. Nolan6, G. Rutten7, M. Trento8, K. Khunti1; 
1University of Leicester, United Kingdom, 2Center Hospitalier Sud 
Francilien, Corbeil, France, 3Scientific Institute of Public Health, Brussels, 
Belgium, 4Göteborg University, Sweden, 5Universitätsklinikum Jena, 
Germany, 6St James Hospital, Dublin, Ireland, 7University Medical Centre 
Utrecht, Netherlands, 8Universita’ degli Studi di Torino, Italy.

Background and aims: A wealth of evidence exists for process and out-
come measures for the management of people with type 2 diabetes (T2DM); 
numerous guidelines have been developed internationally with the aim of 
transferring this evidence to clinical practice. There have been previous re-
ports of variations between evidence based recommendations in guidelines 
produced in different countries. The current study is part of a research pro-
gramme investigating standards of care for people with type 2 diabetes across 
eight countries in Europe. We aimed to compare the guidelines from these 
countries, including rigour of development and recommendations for clini-
cal practice.
Materials and methods: The most recent guidelines for T2DM were iden-
tified from Belgium, England & Wales, France, Germany, Ireland, Italy, the 

Netherlands and Sweden. The Appraisal of Guidelines for Research and Eval-
uation (AGREE) instrument was used to assess the quality of each guideline 
in six domains: scope and purpose; stakeholder involvement; rigour of devel-
opment; clarity and presentation; applicability; and editorial independence. 
In addition, a study-specific data collection form was developed to extract 
details of each guideline’s recommendations for key process and outcome in-
dicators selected for clinical relevance. Appraisal and data extraction were 
conducted independently by two researchers in the UK or the country of ori-
gin of the guideline.
Results: The date of publication of the guidelines ranged from 2000 to 2008. 
There was considerable variation in AGREE domain scores for different 
guidelines, including a range of 31% to 95% for rigour of development. The 
highest mean domain scores (from pooled results for all countries) related 
to reporting of the scope and purpose of the guidelines and clarity and pres-
entation (mean score 81% for both domains). Only three guidelines (Eng-
land & Wales, the Netherlands, Sweden) were given the overall assessment 
‘strongly recommended’ by their appraisers, but the others were all rated as 
‘recommend with provisos or alterations’. Specific recommendations given 
in the eight guidelines were broadly similar but, at detailed level, there were 
variations, particularly in relation to the level of information provided. Speci-
fied targets ranged from <6.5% to <7% for HbA1c and from <130mmHg 
to <140mmHg and 80mmHg to <85mmHg for systolic and diastolic blood 
pressure respectively. Only half of the guidelines provided a target for BMI 
and only two (Belgium, Germany) included waist measurement targets. In-
formation included in recommendations for self-management education 
ranged from a complete lack of detail to a comprehensive list of topics to be 
covered.
Conclusion: Appraisal of the current guidelines for the management of 
T2DM in eight European countries indicated considerable variation in 
respect of AGREE quality measures, including rigour of development. Al-
though there was a substantial degree of consensus for specified targets, there 
were some differences at detailed level and wide variation in the amount of 
information provided.
Supported by: EASD through an MSD unrestricted educational grant
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Differences in the quality of diabetes care caused by social inequalities 
disappear after treatment in a tertiary care centre in Germany
L. Bäz, N. Müller, E. Beluchin, C. Kloos, G. Wolf, U.A. Müller; 
Dept. Internal Medicine III, University Hospital Jena, Germany.

Background and aims: Low social status is associated with an increased 
number of diabetic late complication and higher mortality. We studied the 
association of social status and quality of diabetes care at entry and at last 
observation in a tertiary care centre in Germany.
Materials and methods: Social status and quality of care (HbA1c, blood pres-
sure, BMI) were assessed in 582 patients (128 DM1: age 48.7y; duration of 
diabetes 19.7y; 51% female, HbA1c 7.4%; BMI 26.8; follow up 8,8J; 454 DM2: 
age 65.2y; time since diagnosis 13.7y; 45.5% female; HbA1c 7.3%; BMI 32.2, 
follow up 5.5y; insulin therapy 71.5%) at entry and at last observation in a 
large university outpatient department for endocrinology and metabolic dis-
eases. Social status (score 3-21) was determined by three components (score 
1-7 each): education, highest professional position achieved and household 
net income.
Results: The mean social score (SS) was 11.65 (min. 3; max. 20) in DM1 
and 10.86 (3-21) in DM2. At entry patients with DM1 and the lowest SS-
tertile were older (59.5 vs 47.5y; p=0.001), had a higher BMI (25.8 vs 23.0; 
p=0.001), diabetes duration (18.9 vs. 16.4 n.s.), a higher HbA1c (9.4 vs 8.8; 
n.s.), higher syst. BP (141.5 vs. 130.3; p=0.002) and higher diast. BP (86.2 
vs. 78.2; p=0.001) compared to the highest SS-tertile. After a mean follow 
up of 8.8y differences in syst. BP (134.8 vs. 140.0; n.s.), diast. BP (85.1 vs. 
84.3; n.s.) and HbA1c (7.4 vs. 7.5; n.s.) between the lowest and highest SS 
tertile were equalized HbA1c decreased by 0.056% per each point of social 
score after adjustment for diabetes duration and self monitoring (p=0.006). 
At entry patients with DM2 and the lowest SS tertile had a longer duration 
of diabetes (15.1 vs 13.1y; p=0.034), higher BMI (31.8 vs 28.7; p=0.001) and 
higher HbA1c (8.9 vs 8.4; p=0.022). No differences were seen regarding age 
(65.4 vs 66.3y; n.s.), syst. (144.9 vs. 143.2; n.s) and diast. BP (80.8 vs 82.5; 
n.s.). After a mean follow up of 5.5y differences in HbA1c (7.2 vs. 7.2%; n.s.) 
were neutralized or did not change BMI (33.3 vs 29.9; p=0.001), syst. (143.8 
vs 141.7; n.s.) and diast. BP (86.2 vs 86.0; n.s.). HbA1c increased by 0.031% 
per each kg/m² after adjustment for SS, diabetes duration, self monitoring 
and dose adjustments (p=0.006).
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Conclusion: Low social status is associated with worse quality of care at entry 
in a tertiary care centre. These differences partly disappeared after 5-9 years 
treatment and education in a tertiary care centre.

233
Relationship between HbA1c and risk of micro/macrovascular 
complications and healthcare costs among type 2 diabetes in a US 
managed care cohort
M. Bron1, K. Clements2, N. Emptage2, D. Taylor2, B.J. Pandya1; 
1Takeda Pharmaceuticals North America, Inc., Deerfield, United States, 2i3 
Innovus, Medford, United States.

Background and aims: Poor glycemic control (>7.0%) in patients with type 2 
diabetes (T2D) may increase risk of complications, leading to higher health-
care costs. This study examined the relationship between HbA1c level and 
diabetes-related complications and costs among T2D patients.
Methods: Using a large database of privately-insured individuals in the United 
States, a retrospective claims analysis was conducted on T2D patients in 2002-
2003 with no history of diabetes-related complications or recent T2D medica-
tion changes. Total healthcare costs included facility, provider, and pharmacy 
costs. Costs of diabetes-related complications were derived from claims with 
an ICD code for a macrovascular (myocardial infarction, CVD, stroke, CAD, 
peripheral vascular disease) or microvascular (neuropathy, nephropathy, am-
putation, retinopathy) diabetes-related complications. Cox models assessed 
the association between HbA1c and risk of macro/microvascular diabetes-
related complications, adjusting for patient characteristics. Patients were fol-
lowed up to 3 years. General linear models (GLM) and 2-part models assessed 
the association between HbA1c and costs for those with 2+ years follow-up. 
Results: Of the 41,182 patients with no history of diabetes-related complica-
tions, 26.8% and 44.7% developed macro- and microvascular complications, 
respectively. Risk of macrovascular diabetes-related complications increased 
2% and risk of microvascular diabetes-related complications increased 3% for 
each one unit increase in HbA1c (HR=1.02, 95% CI 1.01-1.03 and HR=1.03, 
95% CI 1.02-1.04, respectively). Among the 11,053 patients with 2+ years 
follow-up, total mean adjusted costs were 26,167 US dollars (95% CI 25,929-
26,406 US dollars) and did not differ by HbA1c strata. Costs related to dia-
betes-related complications increased with increasing HbA1c (Figure). In the 
short term there was a decrease in provider costs as HbA1c increased, from 
8,384 US dollars in those with HbA1c < 6.5 to 7,648 US dollars in those with 
HbA1c > 9.0 that was not reflected in facility and pharmacy costs.
Conclusion: Total costs did not significantly differ by HbA1c strata. With 
increasing HbA1c, diabetic-related complications increased coinciding with 
related costs, particularly for HbA1c >8.0%. While provider costs are higher 
for patients with better glycemic control, in the long run they may be offset 
by lower costs related to diabetes-related complications.

Figure: Adjusted Mean DC Costs by HbA1c Level

Supported by: Takeda Pharmaceuticals North America
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Guarding medical prescriptions in patients with renal failure: a new 
warning system on renal dysfunction 
H. Joosten1, C.J. Boogerd2, R.J. Slingerland3, T.J. Jansen4, O. Schwantje4,  
E.V. v.d.Pijl2, H.J.G. Bilo1; 
1Internal Medicine, Isala Clinics, 2Farmacology, Dispensary Boogerd-
Kluin, 3Clinical Chemistry and Laboratory Medicine, Isala Clinics, 4Family 
Medicine, Isala Clinics, Zwolle, Netherlands.

Background and aims: Many guidelines stress the importance of monitoring 
medical prescriptions to prevent adverse drug reactions (ADR), especially in 
patients with polypharmacy or comorbidity, like in diabetes mellitus (DM). 
From data of the Dutch HARM (Hospital-Admissions-Related-to-Medica-
tion) study in 2006 an incidence of 41.000 medication-related admissions in 
the Netherlands was calculated (of which 19.000 possibly preventable). Renal 
failure appeared one of the main independent risk factors. Considering the 
increasing incidence of renal impairment in DM, these patients are more at 
risk for medication-related complications.
The aim is to optimize monitoring the adequacy of medical prescriptions 
in DM patients with decreased renal function in primary care, by means of 
automatic data processing of laboratory estimated glomerular filtration rate 
(eGFR) values below 40 ml/min/1.73 m2 towards both pharmacists as well as 
general practitioners (GPs).
Materials and methods: From June until November 2008 a pilot study was 
performed in which the regional laboratory selected all patients with an eGFR 
≤ 40 ml/min/1.73 m2 (MDRD4) and biweekly informed the two participating 
dispensaries and six GPs. Within the study population a subgroup of patients 
with DM was identified. Pharmacists checked the identified patients’ actual 
drug regimen on current contra-indications. In all these patients an alarm 
signal warned for low eGFR with every relevant new prescription. All signals 
and interventions triggered by this warning were registered.
Results: During the study period a total of 121 patients with an eGFR ≤ 40 
ml/min/1.73 m2 were registered, of whom 43 patients were treated by the 
participating GPs. Current medication lists were evaluated and revealed a 
contra-indication for 147 maintenance medications, and 204 warnings were 
registered on new and repeat prescriptions. Six percent (n=22) of the warn-
ings resulted in consultation with the prescribing physician, mainly because 
of a suspected overdose or an absolute contra-indication in relation to eGFR. 
Overall, 24% of the study population had DM, with a median eGFR of 28 
ml/min/1.73 m2. In half of this subgroup the prescribed medication was not 
started and an alternative treatment proposed instead, due to the risks of 
(nephro)toxicity. This concerned antibiotics, analgetics and statins. Pharma-
cists advised a dose-reduction of anti-gout medication in 3 patients. One pa-
tient (eGFR 23 ml/min/1.73 m2) on metformin changed to insulin therapy. In 
the overall study population mainly antibiotics, diuretics and anti-gout ther-
apy were discontinued. Several times GPs were reminded to check on serum 
digoxin levels or on renal function shortly after start of new medication.
Conclusion: This pilot study shows that the introduction of a relatively sim-
ple warning system improves patient care and safety. A considerable amount 
of patients with a low eGFR had DM, a population vulnerable for adverse 
drugs reactions. This collaboration of pharmacists, clinical chemists, GPs and 
nephrologists resulted in a stricter medication monitoring for patients with 
an impaired renal function and DM.
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Maturity-onset diabetes of the young in Danish and Czech families due 
to mutation in the insulin gene
T.W. Boesgaard1, S. Pruhova2, E. Andersson1, O. Cinek2, B. Obermannova2, 
J. Lauenborg3, P. Damm3,4, R. Bergholdt1, F. Pociot1, T. Jørgensen4,5, J. Lebl2, 
O. Pedersen1,4, T. Hansen1,6; 
1Steno Diabetes Center and Hagedorn Research Institute, Gentofte, 
Denmark, 2Department of Pediatrics, Second Faculty of Medicine, Charles 
University, Prague, Czech Republic, 3Center for Pregnant Women with 
Diabetes, Department of Obstetrics, Copenhagen University Hospital, 
Rigshospitalet, Denmark, 4Faculty of Health Science, University of 
Copenhagen, Denmark, 5Research Center for Prevention and Health, 
Glostrup University Hospital, Denmark, 6Faculty of Health Science, 
University of Southern Denmark, Odense, Denmark.

Background and aims: Insulin gene (INS) mutations have recently been described 
as a common cause of permanent neonatal diabetes (PNDM) and a rare cause of 
diabetes diagnosed in childhood or adulthood. We aimed to determine the preva-
lence, phenotype and treatment of INS mutation in MODYX patients, gestational 
diabetes patients (GDM) and GAD65 negative type 1 diabetic patients.
Materials and methods: INS was sequenced in 117 MODYX patients (n = 48 
Danish and n = 69 Czech), 85 patients with GDM, 37 GAD negative type 1 
diabetic patients and 96 glucose tolerant individuals. All MODYX probands 
were from families fulfilling the conventional criteria of MODY and they 
were all screened negative for mutations in the MODY genes HNF4A, GCK 
and HNF1A. All women with GDM and all GAD negative type 1 diabetic 
patients had a positive family history of diabetes. The control group were ran-
domly selected from the population based sampled Inter99 study.
Results: One novel heterozygous mutation c.17G>A, R6H, was identified in 
the pre-proinsulin gene (INS) in a Danish MODYX family (se figure 1). The 
proband was diagnosed at 20 years of age with mild diabetes and treated with 
diet and oral hypoglycaemic agent (OHA). His son (20 years) carried the mu-
tation but had a normal glucose tolerance. The brother to the proband carried 
the mutation and was diagnosed with diabetes at 51 years of age; a daughter 
of the brother carried the mutation and was diagnosed with impaired glucose 
tolerance at the age of 26. In a Czech MODY proband a previous described 
R46Q mutation was found (se figure 1). The mutation co-segregates with dia-
betes in two affected relatives and is not present in any of three non-diabetic 
family members or 96 control individuals. The proband, a 17 years old girl, 
was diagnosed with mild diabetes at 13 years of age. The proband was treated 
with insulin since onset of diabetes. Her mother was diagnosed at 14 years of 
age with symptoms of polyuria and polydipsia and treated with insulin from 
the onset of diabetes. The grandmother was diagnosed with diabetes at 35 
years of age and treated with OHA and insulin. No diabetogenic mutations 
were found in GDM women or GAD negative type 1 diabetic patients.
Conclusion: Mutations in INS can be a rare cause of MODY and we conclude 
that screening for mutations in INS is recommended in MODYX patients. 

Figure 1: Pedrigrees of the MODY families with the INSRH6 and R46Q mu-
tations. The symbols denote the following square: male, circle: female, empty 
symbol: normal grucose tolerant subject, filled symbol: diabetic subject, 
striated filled: impaired glucose tolerance status, symbol with arrowhead: 
proband. The text to each individual represents the following: Genotype, age 
of examination (age of diagnosis), BMI (kg/m2) and treatment.

 Supported by: the Danish Diabetes Associations Research Grant
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Mutations in the insulin gene resulting in a MODY phenotype: marked 
differences in clinical presentation, metabolic status and pathogenic 
effect through ER retention
G. Meur1, G.A. Rutter1, A. Simon2, N. Harun1, A. Dechaume3,  
A. Bonnefond3, M. Virally4, A. Tarasov1, T.W. Boesgaard5, T. Hansen5,  
O. Pedersen5, J.-F. Gautier6, P. Froguel7,3, M. Polak2, M. Vaxillaire3; 
1Division of Medicine, Imperial College, London, United Kingdom, 
2Necker Enfants Malades Hospital, Inserm, U845, Paris, France, 3Centre 
National de la Recherche Scientifique-UMR8090, Institute of Biology, Lille 
2 University, Pasteur Institute, France, 4Department of Endocrinology and 
Diabetes, Lariboisière Hospital, Paris 7 University, France, 5Steno Diabetes 
Center, Gentofte and Faculty of Health Sciences, University of Southern 
Denmark, Odense, Denmark, 6Department of Endocrinology and Diabetes, 
Saint-Louis Hospital, Paris 7 University, France, 7Genomic Medicine, 
Hammersmith Hospital, Imperial College, London, United Kingdom.

Background and aims: Heterozygous mutations in the human insulin (INS) 
gene have recently been identified as a (common) cause of non-syndromic 
neonatal or early-infancy diabetes. Here, we sought to identify INS muta-
tions that are associated with maturity-onset diabetes of the young (MODY) 
or non autoimmune diabetes in mid-adult life, and to explore the molecular 
mechanisms involved.
Materials and methods: The INS gene was sequenced in 16 French Cau-
casian probands with MODY, but without known MODY associated mu-
tations, 95 patients with non autoimmune early-onset diabetes (diagnosed 
<35 years) presented with at least one affected first degree relative, and 292 
normoglycemic controls. Three identified insulin mutants were generated 
by site-directed mutagenesis of cDNA encoding human preproinsulin-GFP 
(C-peptide) chimera. GFP localisation was assessed by Nipkov spinning disc 
confocal microscopy and secreted proinsulin was measured by radioimmu-
noassay. ER stress marker mRNAs (XBP-1, BiP, CHOP) were quantitated by 
real-time RT-PCR.
Results: A novel mutation in the INS gene, L30M affecting the hydrophobic 
core, was identified in five individuals with early onset of diabetes (onset 17-
36 years, range of BMI: 19-25.5 kg/m2 at last examination) in a single family. 
In contrast to wild type preproinsulin, L30M preproinsulin-GFP fluores-
cence was largely colocalised with ER markers in MIN6 β-cells. Correspond-
ingly, secretion of mutant proinsulin from HEK293 cells was significantly 
(p=0.0043) compromised with only 40.7% for L30M compared to 83.1% for 
wild type proinsulin being secreted. By contrast, a novel mutation in the sig-
nal peptide (R6H) identified in a Danish patient displayed normal targeting 
to secretory granules and proinsulin secretion. A previously-described mu-
tation at the B/C junction (R55C) was also identified in a MODY proband. 
Whilst the patient developed diabetes at nine years and required exogenous 
insulin therapy, this mutation also co-segregated with diabetes in two other 
diabetic relatives (mother at 37 and sister at 33 years). The underlying mo-
lecular pathology of the latter is currently under study.
Conclusion: We describe three novel INS mutations co-segregating with 
early-onset diabetes in mid adult life with a clinical presentation compatible 
to a MODY pattern. These lead to the production of insulin molecules with 
markedly different trafficking properties and effects on ER stress, possibly 
implying distinct molecular pathological mechanisms for each.
Supported by: MRC, Wellcome Trust, French ANR-MRAR and the EU
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Functional characterisation of the glucokinase regulatory protein gene 
variant P446L shows diminished regulation by fructose-6 phosphate 
resulting in increased glucokinase activity
N.L. Beer1, N.D. Tribble1, C. Roos2, M. Orho-Melander2, A.L. Gloyn1; 
1Oxford Centre for Diabetes Endocrinology & Metabolism, University of 
Oxford, United Kingdom, 2Department of Clinical Sciences, Diabetes and 
Cardiovascular Disease Genetic Epidemiology, Lund University, Lund, 
Sweden.

Background and aims: Genome wide association scans and subsequent fine 
mapping have identified a common SNP rs1260326 (c.1403 c>t, p.P446L) as-
sociated with raised triglycerides and lower fasting plasma glucose levels in 
the general population. Individuals homozygous for the risk allele (L) have 
on average a 0.15 mmol/L increase in triglyceride levels and a 0.06 mmol/L 
reduction in fasting glucose levels compared to individuals with 2 copies of 
the wild-type allele (P). Glucokinase regulatory protein (GKRP) inhibits glu-
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cokinase (GCK) activity in liver by binding competitively with respect to its 
substrate glucose. GKRP is regulated by the phosphate esters fructose 6- and 
fructose 1-phosphate (F6P and F1P), which enhance or diminish its inhibi-
tion of GCK activity, respectively. We hypothesised that variant P446L-GKRP 
could have a reduced ability to inhibit GCK, thus resulting in increased glyco-
lytic flux and glucose uptake in liver.
Materials and methods: Recombinant human GCK, and both wild-type 
(WT) and P446L GKRP preparations were made (n = 3 independent protein 
preparations for both regulatory proteins). GCK kinetic activity was deter-
mined spectrophotometrically using an NADP+-coupled assay. P446L-GKRP 
and WT-GKRP inhibition of GCK activity and regulation by F1P and F6P 
were determined. Activity/mg was calculated for each GKRP preparation and 
experiments carried out using either the same activities or equimolar con-
centrations of protein of WT and P446L-GKRP. One GKRP unit was defined 
as that causing 50% inhibition of 10 m-units/ml GCK under standard assay 
conditions in 5mM glucose at 37oC.
Results: Assays matched for protein activity/mg showed no difference in 
dose-dependent inhibition of GCK activity with WT and P446L-GKRP over 
a glucose concentration range of 0-100mM. There was also no difference in 
F1P-mediated regulation at concentrations up to and including 500µM (92.8 
± 1.2% GCK activity for WT vs. 93.6 ± 1.4% for P446L-GKRP;
means ± SEM; n = 18; P = 0.24). However, regulation by 25-500µM F6P was 
significantly attenuated with P446L-GKRP (31.9 ± 2.6 to 23.3 ± 1.0% vs 28.5 
± 2.8 to 21.2 ± 0.8% for WT; n = 18; P = 0.03). Experiments using equimolar 
concentrations of both WT and P446L-GKRP confirmed that, there was no 
difference in F1P-mediated inhibition of the 2 regulatory proteins at concen-
trations up to 500µM (92.5 ± 2.6% GCK activity for WT vs. 90.1 ± 1.8% GCK 
activity for P446L; n = 9; P = 0.20), and that the response of P446L-GKRP to 
0-500µM F6P was significantly diminished compared to WT (71.9 ± 1.4 to 
33.8 ± 3.1% vs. 63.7 ± 2.6 to 14.1 ± 1.2% respectively; n = 9; P = 4x10-11).
Conclusion: P446L-GKRP has diminished F6P regulation at physiological 
concentrations of this phosphate ester resulting in increased GCK activity. 
This is predicted to increase glycolytic flux in the liver, promoting both in-
creased glucose metabolism and elevating concentrations of malonyl-CoA. 
Since malonyl-CoA is both a substrate for de novo lipogenesis and an inhibi-
tor of carnitine-palmitoyl transferase-1, increased concentrations would be 
predicted to inhibit fatty acid oxidation and therefore channel fatty acyl-CoA 
into triglyceride synthesis.
Funded in Oxford by the Medical Research Council (81696)
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Investigating novel mutational mechanisms for glucokinase mutations 
with near normal or paradoxical kinetics
N.D. Tribble1, N. Beer1, J. Grimsby2, S. Baltrusch3, A.L. Gloyn1; 
1OCDEM, Oxford University, Headington, United Kingdom, 2Hoffmann-
La Roche Inc., Department of Metabolic Diseases, Nutley, United States, 
3Institute of Medical Biochemisty and Molecular Biology, Rostock 
University, Germany.

Background and aims: Heterozygous inactivating mutations of glucoki-
nase (GCK) increase the threshold for glucose stimulated insulin secretion 
to around 7mmol/L and result in elevated fasting plasma glucose levels 
(>5.5mmol/L) causing maturity-onset diabetes of the young (MODY) sub-
type glucokinase (GCK). Functional studies have identified a number of GCK 
mutations (A53S, G72R, H137R, G264S G299R and V367M) where routine 
kinetics has failed to explain the GCK-MODY phenotype. It is therefore pos-
sible that there are alternative mechanisms involved that explain the patho-
genic effects of these mutations. We hypothesised that defects in regulation 
by GCK activators and inhibitors could be a novel mutational mechanism. 
The aim of our study was to kinetically examine these 6 mutations in the 
presence of 3 different GCK regulators: a synthetic small molecular activator, 
human glucokinase regulatory protein (GKRP) and the bi-functional enzyme 
PFK-2/FBPase-2.
Materials and methods: Recombinant human islet wild-type GCK and the 
selected mutations were expressed in the form of glutathione S-transferase 
(GST) fusion proteins. Kinetics in the presence of the 3 different regulators 
was determined spectrophotometrically using an NADP+ coupled assay with 
glucose-6-phosphate dehydrogenase.
Results: As expected, all of the mutant GCK enzymes showed near normal 
kinetics, with relative activity indices ranging from 0.76 to 1.58 relative to 
wild type. The G72R mutant was the only enzyme that failed to respond to 
either the GCK activator (fold increased activity of 0.96 vs 16.95 ± 1.1 [WT] 
at 60µM) or GKRP (decreased activity of 1.03 ± 0.04 vs 3.55 ± 0.43 fold [WT] 

at 200nM). This is consistent with previous reports on G72R. When using 
PFK-2/FBPase-2, G72R showed the lowest response of all 4 mutants (G72R 
activity increased by only 1.6 ± 0.02 fold [n=4] with 200µM, significantly less 
[p>0.005] than WT 2.0 ± 0.03 [n=16]). This lack of response to the activator 
may reflect a defect in binding which could have additional consequences for 
GCK catalytic stability.
Conclusion: This is the first study examining the response of mutant A53S, 
H137R, G264S G299R, V367M proteins to regulators of GCK. Only the G72R 
enzyme showed a marked lack of response to all GCK regulators compared 
to wild type GCK. This study gives further insight into the importance of 
GCK residue G72 in the activation of GCK by the bi-functional enzyme and 
suggests that the binding site could lie within this region. Our data supports 
the existence of alternative mutational mechanisms (e.g. post-translational or 
transcriptional mechanisms yet to be determined) which are responsible for 
the hyperglycaemia in patients with these GCK mutations.
Supported by: MRC
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Loss-of-function mutations in SIM1 cause a specific form of Prader-
Willi-like syndrome
F. Stutzmann1, M. Ghoussaini1, C. Couturier1, M. Marchand1, V. Vatin1,  
L. Corset1, C. Lecoeur1, B. Balkau2, F. Horber3, D.J. Driscoll4, A.P. 
Goldstone5, J. Weill6, J.L. Michaud7, D. Meyre1, P. Froguel1,8; 
1CNRS-UMR8090, Lille, France, 2INSERM U780, Orsay, France, 3University 
of Berne, Klinik Lindberg, Switzerland, 4Department of Pediatrics, College 
of Medicine, Gainesville, United States, 5Metabolic and Molecular Imaging 
Group, Imperial College London, United Kingdom, 6Pediatric Department, 
University Hospital, Lille, France, 7Research Center, Hôpital Sainte Justine, 
Montreal, Canada, 8Genomic Medicine, Hammersmith Hospital, Imperial 
College, London, United Kingdom.

Background and aims: In mice, haploinsufficiency of SIM1 induces hyper-
phagic obesity, the chromosomal abnormalities in the SIM1 region have been 
rarely described in children with syndromic obesity. However, the involve-
ment of this transcription factor in syndromic and monogenic obesity has 
never been conclusively demonstrated in humans.
Materials and methods: We sequenced the SIM1 coding region in 44 chil-
dren affected by the Prader-Willi syndrome-like (PWSL) and 246 patients 
with severe familial obesity (BMI ≥ 40 kg/m² for adults and BMI ≥ 97th per-
centile for age and gender for children). Familial cosegregation studies and 
functional analysis evaluated whether mutations had a loss-of-function effect 
causing obesity.
Results: Four non-synonymous mutations (Q152E, E458K, R581G and 
T714A) were identified in four Prader-Willi syndrome-like cases and the 
H323Y mutation was found in two obese sisters. The five mutations led to 
a significant decrease in SIM1 transcriptional activity (range of residual ac-
tivity: 20.4-53.5%) in reporter assay analysis. None of these mutations were 
identified in a further 3,896 non-obese individuals and 3,543 obese patients. 
We then carefully assessed the syndromic phenotypes of the PWSL patients 
(4 probands and 5 relatives with available data) and observed features that are 
characteristic of SIM1-deficiency: a round face, a small nose, depressed nasal 
bridge, prominent philtrum and narrow palpebral fissure. None of the pa-
tients was hypotonic at birth but 6/9 were hyperphagic, all displayed mental 
retardation. Six of them also had behavioural troubles and five had develop-
ment retardation. In contrast to 15q PWS and to 6q chromosomal abnor-
malities-related syndrome short hands were not observed in SIM1-deficient 
subjects and hypogonadism was anecdotal (2/7).
Conclusion: Mutations responsible for SIM1 haplo-insufficiency have been 
found in 9% of our PWSL children. They are characterized by a specific spec-
trum of syndromic phenotype that may help for diagnosis. Screening of SIM1 
mutations may take part in further diagnosis procedures, complementing cy-
togenetics.
Supported by: ALFEDIAM, CNRS-L, Conseil Régional Nord Pas-de-Calais/
FEDER
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The use of 1,5 anhydroglucitol level as a clinical test to differentiate 
subtypes of diabetes
K.R. Owen1,2, A. Pal1,2, C. Dudley1,2, M.P. Selwood3, R. Klyne4,2, B. Barrow1,2, 
J.P. Grew1,2, A.J. Farmer3,2, M.I. McCarthy1,2, A.L. Gloyn1,2; 
1Diabetes Research Laboratories, University of Oxford, 2Oxford NIHR 
Biomedical Research Centre, 3Department of Primary Health Care, 
University of Oxford, 4Diabetes Trials Unit, University of Oxford, United 
Kingdom.

Background and aims: Assigning the correct molecular diagnosis in Matu-
rity-onset diabetes of the young (MODY) informs prognosis and treatment, 
but currently requires genetic resequencing. It would be advantageous to 
identify biochemical tests which aid prioritisation of samples for genetic test-
ing. 1,5 Anhydroglucitol (1,5AG) is a monosaccharide which undergoes renal 
tubular re-absorption. Glucose competes for re-absorption at the same car-
rier, so with glycosuria, 1,5AG serum levels decrease. Recently, it was shown 
that patients with HNF1A-MODY (who have low renal glucose threshold) 
have lower 1,5AG levels than patients with Type 2 DM (T2DM) matched for 
glycaemic control. We aimed to investigate 1,5AG levels in a wider range of 
diabetes subtypes and evaluate its role in clinical diabetes diagnostics.
Materials and methods: Serum 1,5AG was analysed in subjects with: 
HNF1A-MODY (n=23); GCK-MODY (n=24); Type 1 diabetes (T1DM, 
n=29); latent autoimmune diabetes of adulthood (LADA, n=42); and T2DM 
(n=206). Data were log-transformed and ANOVA and pairwise comparisons 
calculated. ROC curve analysis was performed to assess the discriminative 
accuracy of 1,5AG with regard to diabetes aetiology.
Results: No difference in 1,5AG levels were seen between patients with 
HNF1A-MODY and T2DM (p=0.15), T1DM (p=0.97) or LADA (p=0.5), al-
though after correcting for HbA1c 1,5AG levels were lower in patients with 
HNF1A-MODY compared to T2DM (p=0.001).
1,5AG levels in patients with GCK-MODY were higher than all other groups. 
Means [SD range] in μg/ml were: GCK-MODY 13.06 [5.74-29.74]; HNF1A-
MODY 4.23 [2.12-8.44]; T1DM 3.09 [1.45- 6.57]; LADA 3.46 [1.42- 8.45] and 
T2DM 5.43 [2.12-13.23], p<10-4 for GCK-MODY v.s. each group.
The discriminative accuracy of 1,5AG levels (as per ROC curve analysis) was 
0.80 for GCK-MODY v.s. T2DM, 0.86 for GCK-MODY v.s. HNF1A-MODY, 
but only 0.60 for HNF1A-MODY v.s. T2DM.
Conclusion: Our data suggests that 1,5AG levels are unlikely to be useful 
in differentiating HNF1A-MODY from T2DM in a clinical setting. In this 
dataset 1,5AG levels performed well in discriminating GCK-MODY from all 
other subtypes. The higher 1,5AG levels in GCK-MODY are likely explained 
by the known modest post-challenge glucose increment. This requires repli-
cation in undifferentiated sample sets, but suggests measurement of 1,5AG 
could help inform decisions regarding diagnostic testing for GCK-MODY.
Supported by: NIHR Programme Grant, MolPAGE, Diabetes UK, Oxford Rad-
cliffe Hospitals Charitable Fund
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Plasma insulin and glucagon responses to a maximal hyperglycaemic 
stimulus and arginine infusion in subjects with impaired glucose 
tolerance and type 2 diabetes mellitus
V. Chavez, R. Guardardo-Mendoza, C.V. Iannucci, F. Folli, S. Kamath,  
R.M. Jhingan, R.A. DeFronzo, D. Tripathy; 
Medicine/Diabetes, UTHSCSA, San Antonio, United States.

Objective: Progression from impaired glucose tolerance (IGT) to type 2 dia-
betes mellitus (T2DM) is determined by beta cell failure to compensate for 
increased insulin resistance. However, the natural history of these islet ab-
normalities remain poorly defined. Though, impaired glucagon suppression 
following a test meal has been reported in T2DM, glucagon response to a 
maximal hyperglycemic stimulus and non-glucose stimulus Arginine in IGT 
is not clear.
Methods: We assessed glucagon suppression and release under maximal 
glycemic and non-glycemic (arginine)-stimulated conditions in subjects 
with NGT (n=13, age=42±4 y, BMI=28±2, HbA1c=5.1±0.1%), IGT (n=12, 
age=52±2 y, BMI=33±1, HbA1c=5.8±0.1%) and T2DM (n=15, age=53±3 y, 
BMI=34±1, HbA1c=8.1±0.2%) individuals. Each subject received OGTT and 
two (+125 and 400 mg/dl) hyperglycemic clamp followed by IV Arginine (5 
grams) bolus. Insulin, C peptide and glucagon were measured q 15 min dur-
ing OGTT and q 2-10 min during hyperglycemic clamp.
Results: Acute insulin response (AIR0-10) was decreased in IGT vs. NGT 
(252 ±47 vs. 323±59 μU/ml) and further reduced in T2DM (14±8 vs. 323±59 
μU/ml, p<0.001). Second phase insulin response (AUC10-80) was similar in 
NGT and IGT (2717 ±605 vs. 2921 ± 608 μU/ml) and markedly decreased 
in T2DM (633±180 μU/ml, p<0.001). During the hyperglycemic second step 
AUC80-160 was similar in IGT and NGT (5261±1300 vs. 6282 ±2300 μU/ml), 
but reduced in T2DM (1105 ±250 μU/ml, p<0.001). After adjusting for insu-
lin resistance (Matsuda index), the insulin secretion/insulin sensitivity index 
(AIR0-10, AUC10-80, AUC80-160) was significantly diminished in both IGT and 
T2DM vs. NGT (all p<0.001). Glucagon suppression during fist step (AUC10-80)  
was impaired by 69% (-114 pg/ml) in IGT and 71% (-108 pg/ml) in T2DM 
vs. NGT (-363 pg/ml). Similar defects in glucagon suppression were observed 
during the second clamp step in IGT and T2DM (both p<0.01). In contrast, 
arginine elicited a 2.0-and a 2.6-fold greater increase in glucagon secretion in 
IGT and T2DM (both p<0.001) vs. NGT.
Conclusion: Regulation of glucagon suppression and release is impaired in 
IGT, as well as T2DM, indicating early dysregulation of alpha cell physiology, 
in addition to impaired beta cell function in the natural history of T2DM.

242
Effects of variations in duodenal glucose load on glycaemia, insulin and 
GLP-1 in type 2 diabetes
C.K. Rayner1,2, J. Ma1,2, A. Pilichiewicz1,2, C. Feinle-Bisset1,2,  
H.L. Checklin1,2, J.M. Wishart1,2, K.L. Jones1,2, M. Horowitz1,2; 
1Discipline of Medicine, Royal Adelaide Hospital, 2Centre of Clinical 
Research Excellence in Nutritional Physiology, Interventions and Outcomes, 
The University of Adelaide, Australia.

Background and aims: The postprandial incretin response has been reported 
to be deficient in type 2 diabetes (T2D), but most studies have not controlled 
for variations in the rate of gastric emptying. We evaluated the glycaemic, 
insulin and glucagon-like peptide-1 (GLP-1) responses to intraduodenal (ID) 
glucose in patients with T2D, and compared these to our previous data from 
10 healthy controls (HC).
Materials and methods: 8 males with well-controlled T2D (age 57 ± 4 yrs; 
BMI 26.5 ± 1.4 kg/m2; glycated haemoglobin 6.2 ± 0.3 %), managed by diet 
alone, were studied on four separate occasions in single-blind, randomized 
order. Data were compared to HC (age 32 ± 4 yrs; BMI 25.1 ± 0.4 kg/m2). 
Blood glucose and plasma hormones were measured during 120 min ID glu-
cose infusions at (i) 1 (“G1”), (ii) 2 (“G2”), and (iii) 4 (“G4”) kcal/min, or (iv) 
saline control (“S”). Data are presented as mean ± SEM.
Results: Results are summarized in the figure. T2D patients had higher basal 
(P < 0.0001) and incremental (P < 0.0001) blood glucose responses to each 
glucose load, compared to HC. In HC, there was no significant difference 
between the glycaemic response to G2 and G4, whereas in T2D, blood glu-
cose was greater after G4, compared to G2 (P < 0.005). In both groups, the 
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increases in insulin and GLP-1 to increasing glucose loads were not linear; 
responses to G1 and G2 were minimal, whereas the responses to G4 were 
much greater than to G1 and G2 (P = 0.0001 for each). In T2D, the insulin 
responses to both G2 and G4 were greater than HC (P < 0.05 for each).
Conclusion: In patients with well-controlled T2D, blood glucose, insulin, 
and GLP-1 responses are critically dependent on the duodenal glucose load, 
and GLP-1 responses are not deficient, when compared to HC.

Supported by: NHMRC

243
The role of GLP-1 in the enteroinsulinar axis in type 2 diabetes mellitus
A. Bedorf, G. Kutscherauer, M. Nicolaus, B. Göke, J. Schirra; 
Department of Internal Medicine II, Campus Großhadern, University of 
Munich, Germany.

Background and aims: The incretin effect as part of the enteroinsulinar axis 
constitutes the difference between the total postprandial (PP) and the isogly-
cemic fasting insulin response. The insulinotropic gut born hormones GLP-1 
and GIP account for the incretin effect in healthy humans. The incretin effect 
is reduced in type 2 diabetes mellitus (T2DM). Because several studies have 
indicated a failure of synthetic GIP to stimulate insulin secretion in T2DM in 
contrast to GLP-1, a defect of the GIP action has been suggested.
To quantify the contribution of endogenous GLP-1, we examined the in-
sulinotropic action and the incretin effect of an oral glucose tolerance test 
(OGTT) in patients with T2DM during GLP-1 receptor blockade using ex-
endin(9-39) (Ex-9).
Materials and methods: Double-blind, placebo-controlled, randomized, 
cross-over study in 24 patients with T2DM (61±7 y, HbA1c 6.2±0.2, BMI 
27.7±0.9). On two separate days blood glucose and plasma insulin concentra-
tions were measured during the four hours after ingestion of an OGTT (75g) 
with and without an intravenous background infusion of Ex-9 (900 pmol/kg/

min) or saline. This dose of Ex-9 blocks the insulinotropic effect of GLP-1 
in human by at least 95%. On two further days the blood glucose excursions 
obtained during the OGTTs were mimicked by intravenous glucose (isoglyc-
emic clamp). The incretin effect was calculated as the difference between the 
postprandial and the isoglycemic fasting plasma insulin concentrations.
Results: During fasting, Ex-9 increased blood glucose concentrations 
(120±4.3 vs 132±5.4 mg/dl, saline vs Ex-9, P<0.001) without change in plas-
ma insulin. In addition, after ingestion of the OGTT Ex-9 increased the mean 
PP blood glucose excursion (77±5 vs 84±5 mg/dl, P=0.038) and the PP incre-
mental glucose peak (156±5 vs 167±6 mg/dl, P=0.008). In spite of increasing 
PP glucose, Ex-9 decreased the mean PP plasma insulin excursion signifi-
cantly (MPI, 32±6 vs 26±4 µU/ml, P=0.007). The isoglycemic clamps mim-
icked postprandial glucose excursions of the OGTTs with R2=0.932±0.009 
under saline and R2=0.943±0.008 under Ex-9, respectively. The calculated 
PP incretin effect amounted to 18.6±3.4 µU/ml under saline control (59±5% 
of MPI) which was significantly reduced but not eliminated under Ex-9 
(10.5±1.7 µU/ml, 44±4% of MPI, P=0.005 vs saline).
Conclusion: In patients with T2DM, endogenous GLP-1 significantly reduc-
es fasting and postprandial glycemia. Because of its insulinotropic proper-
ties GLP-1 contributes to the postprandial incretin effect in T2DM patients. 
However, similar to healthy subjects, GLP-1 accounts for only about 50% of 
the PP incretin effect in T2DM. We suggest, that GIP accounts for the re-
maining incretin effect in T2DM. Since the relative contribution of GLP-1 
and non-GLP-1 incretins is preserved in T2DM we suggest that the reduced 
incretin effect in T2DM may represent a general failure of the B-cell rather 
than a specific defect of the enteroinsulinar axis. 

1 the difference between the plasma insulin concentrations after an OGTT 
and the respective isoglycermic clamp during intravenous glucose, i.e. the 
glucose-independent intestinal stimulation of insulin

Supported by MSD
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Glucagon responses to increasing oral loads of glucose and 
corresponding isoglycaemic i.v. glucose infusions in patients with type 2 
diabetes and healthy subjects
F.K. Knop1, J.O. Bagger2, A. Lund2, H. Vestergaard2, J.J. Holst3, T. Vilsbøll1; 
1Department of Internal Medicine F, Gentofte Hospital, 2Department of 
Endocrinology, Herlev Hospital, 3Department of Biomedical Sciences, The 
Panum Institute, Copenhagen, Denmark.

Background and aims: Type 2 diabetes mellitus (T2DM) is associated with 
inappropriate glucagon response (hypersecretion and delayed and reduced 
suppression) to 50-g OGTT whereas isoglycaemic i.v. glucose infusion (IIGI) 
results in a completely normal glucagon response in these patients. This sug-
gests that glucagonotropic signaling originates from glucose stimulation of 
the gastrointestinal tract. Therefore, we aimed to evaluate glucagon respons-
es to increasing amounts of glucose given orally and IIGIs in patients with 
T2DM and in control subjects.
Materials and methods: Glucagon responses were measured on six separate 
days during three 4-hour OGTTs with increasing loads of glucose (25 g, 75 g 
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and 125 g) and three corresponding IIGIs in 8 patients with T2DM (age: 57±4 
years; BMI: 29.5±1.0 kg/m2; HbA1c: 7.0±0.3% (mean±SEM)) and 8 healthy 
subjects (age: 57±4 years; BMI: 28.9±0.7 kg/m2; HbA1c: 5.4±0.1%).
Results: Isoglycaemia corresponding to the OGTTs was obtained during 
i.v. challenges. In the control subjects no difference in glucagon suppression 
during the first 60 minutes of the 25-g OGTT and the corresponding IIGI 
(-249±49 vs. -208±35 pM·1h; p=NS) was observed. Contrary, patients with 
T2DM exhibited significant glucagon suppression only following the IIGI (-
2±36 vs. -228±29 pM·1h; p=0.006). At higher oral glucose loads this differ-
ence increased and became evident in healthy control subjects also (Table 1)
Conclusion: In patients with T2DM increasing amounts of orally ingested 
glucose (25, 75 and 125 g) elicit progressively inappropriate glucagon re-
sponses as compared to IIGIs, which result in normal glucagon suppression. 
This is also observed in control subjects when ≥75 g glucose is ingested orally, 
suggesting it to be a physiological phenomenon which has deteriorated path-
ologically in T2DM.

Table 1. Values are mean iAUC (0-60 min) for plasma glucagon responses 
(pM•1h) ± SEM

T2DM CTRL T-test (P)
25-g OGTT -2±36 -249±49 0.001
IIGI -228±29 -208±35 0.562
Difference (T-test (P)) 226±58 (0.006) -42±75 (0.598)

75-g OGTT 1±21 -122±42 0.048
IIGI -223±32 -250±19 0.517
Difference (T-test (P)) 224±35 (0.000) 128±37 (0.010)

125-g OGTT 24±35 -88±46 0.068
IIGI -277±53 -321±56 0.533
Difference (T-test (P)) 300±84 (0.009) 233±59 (0.005)

Supported by: the Investigator-Initiated Studies Program of Merck & Co., Inc.

245
Development of an in silico model to extrapolate whole body glucose 
- insulin homeostasis by altering tissue specific effects, simulation of 
SGLT-2 inhibition in type 2 diabetes
N.R. Hill, J.C. Levy, D.M. Matthews; 
Oxford University, United Kingdom.

Background and aims: The inhibition of gut and renal sodium-glucose co-
transporters (SGLTs) has been proposed as a novel therapeutic approach for 
the treatment of diabetes. SGLT-2 inhibitors acutely induce renal glucose 
excretion by a change in the renal threshold. HOmeostatic Model Assess-
ment (HOMA) is a model based on the interaction of organs or tissues (liver, 
muscle, pancreatic beta-cells, brain, gut) represented by equations derived 
from empirical data. It has become an international standard for measur-
ing beta-cell function and insulin resistance in large studies where detailed 
physiology is not possible. We have developed an interactive Homeostatic 
Model of Assessment (iHOMA) in which the parameters of the individual 
models are modifiable through an onscreen interface using visual analogue 
controls. The iHOMA model can be used for in silico calculations of the 
specific effects drugs may have on glucose metabolism. The aim was to math-
ematically model the effect of an SGLT-2 inhibitor in patients with Type 2 
diabetes (T2DM) using the iHOMA program.
Material and methods: A total of 428 patients (239 Male) with T2DM were 
retrospectively analysed from the Diabetes in Families (DIF) study. The DIF 
study was a population-based collection of patients with T2DM and their 
siblings sampled from GP practices in Oxfordshire and Northamptonshire. 
Although patients were on a variety of drugs none of these were likely to 
interfere with their renal glucose excretion. They had a mean BMI 30.4 (±5.6) 
kg/m2 , mean age 62(±11) years, mean HbA1c 7.9 (±1.6), mean Fasting Plas-
ma Glucose(FPG) of 9.6 (±3.1) mmol/l and geometric mean Fasting Plasma 
Insulin (FPI) of 112.0 (range 65.8 - 190.5) pmol/l. Beta-cell function and in-
sulin resistance were calculated for each subject using HOMA and used as 
inputs into the interactive model. The iHOMA program was developed by the 
authors at the University of Oxford and has been validated against the origi-
nal HOMA algorithms. The iHOMA program was used to mathematically 
simulate the effect of an SGLT-2 inhibitor enhancing glucose excretion by the 

kidneys. FPG and FPI were then calculated for each subject using iHOMA 
adjusted for the effects of the SGLT-2 inhibitor.
Results: Using the iHOMA program, which can account for tissue-specific 
glucose metabolism effect, the simulated whole body effect by altering renal 
excretion of glucose was moderate. A paired-sample t-test revealed a signifi-
cant difference in the mean FPG (9.6 vs. 8.9, p<0.01) mmol/l a decrease of 
0.7 mmol/l. The FPG change in concentration was accompanied by a change 
in the geometric mean FPI (112.0 vs. 99.3, p<0.01) pmol/l, a decrease of 12.7 
pmol/l.
Conclusion: The development of the iHOMA program enables the investiga-
tion of pharmacological effects of a novel therapy on glucose metabolism in 
silico. The model suggests that SGLT-2 inhibitors have the potential to effect 
a moderate change in glucose in people with T2DM. However, it is impor-
tant that these data are replicated and validated in a prospective randomised 
control trial.
We would like to acknowledge the support of the NIHR Oxford Biomedical Re-
search Centre
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Reduced amylin (IAPP) secretion in response to hyperglycaemia and 
arginine are characteristic of impaired glucose tolerance and type 2 
diabetes
D. Tripathy, R. Guardardo-Mendoza, A.O. Chavez, F. Folli, C.V. Iannucci, 
R.M. Jhingan, R.A. DeFronzo; 
Diabetes, Medicine, University of Texas Health Science Center, San Antonio, 
United States.

Objective: Islet amyloid deposition is a characteristic feature of T2DM. Islet 
amyloid polypeptide (IAPP) is co-secreted with insulin, but its secretion pro-
file and relationship to other islet hormones (insulin, C-peptide) in response 
to glucose and non-glucose stimulus has not been clearly defined.
Methods: Forty subjects, 13 NGT (age=42, BMI=28±2, HbA1c=5.1±0.1%), 
12 IGT (age=52, BMI=33±1, HbA1c=5.8±0.1) and 15 T2DM (age=53, 
BMI=34±1, HbA1c=8.1±0.2) received OGTT and 2 steps hyperglycemic 
(+125 and +400mg/dl) clamp followed by IV arginine (5g) bolus. The acute 
insulin (AIR), C-peptide (ACPR) and IAPP (AIAR) responses during each 
hyperglycemic step and following arginine (AIRArg) were assessed and Mat-
suda index of insulin sensitivity was calculated from OGTT.
Results: As expected, AIR and ACPR during both hyperglycemic steps (0-
10 and 80-90 min) and after arginine (160-170 min) progressively decreased 
from NGT to IGT to T2DM. Fasting IAPP concentrations were 13±3, 9±1 
and 16±3 pM in NGT, IGT and T2DM. Incremental IAPP AUC from 0-10 
min of the clamp was 46±6, 37±17 and -5±8pM (p<0.05) in NGT, IGT and 
T2DM, and IAPP response to hyperglycemia + arginine was 271±72, 507±69 
and 186.2±11 pM (p<0.05), respectively. The ratio of IAPP/C peptide dur-
ing the first 10 min of hyperglycemia was higher in T2DM (3.9±0.5) and 
IGT (3.0±0.4) than NGT (2.0±0.2) (p<0.05) subjects, but after prolonged (80 
min) and severe hyperglycemia (160 min) as well as after arginine stimulus 
(160-166 min) it was lower in T2DM versus NGT and IGT. The acute amy-
lin response (AIAR0-10) correlated with ACPR0-10 (r=0.665, p<0.001), AIR0-

10 (r=0.543, p<0.001), FPG (r= -0.508, p<0.005) and 2-h glucose (r= -0.571, 
p<0.005).
Conclusion: In conclusion, early IAPP secretion (0-10min) is higher in T2DM 
and IGT vs NGT but is reduced in response to prolonged hyperglycemia and 
arginine. IAPP/C-peptide ratio is higher during early hyperglycemia but with 
more prolonged and severe hyperglycemia it is decreased in T2DM. Defects 
in IAPP processing and secretion may lead to amyloid deposits and beta cell 
dysfunction in T2DM.



S 108 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

OP 42 Metabolic effects of incretins
247
Central GLP-1 receptor antagonism partially reduces the action of 
peripheral GLP-1 to improve insulin sensitivity in high-fat-fed mice
E.T. Parlevliet, J.E. de Leeuw van Weenen, J.A. Romijn, H. Pijl; 
Endocrinology, LUMC, Leiden, Netherlands.

Background and aims: Continuous infusion of glucagon-like peptide-1 
(GLP-1) improves insulin sensitivity in both humans and rodents. The im-
provement of insulin sensitivity may result solely from GLP-1’s actions in 
the periphery by a direct impact on tissues like muscle and fat. On the other 
hand, compelling evidence supports a role for the GLP-1 receptor (GLP-1R) 
in the brain in modulating glycemic control. Here, we evaluated the role of 
the central GLP-1R in improving insulin sensitivity in diet-induced insulin 
resistant mice.
Materials and methods: High-fat-fed insulin resistant C57Bl/6 mice were 
implanted a cannula in the lateral cerebral ventricle, which was connected to 
an osmotic minipump for the continuous delivery of the GLP-1R antagonist 
exendin-9 (EX-9) or cerebral spine fluid (CSF). After 5 days recovery a sec-
ond minipump was implanted for the continuous s.c. delivery of GLP-1 or 
PBS. After 2 weeks of intervention a hyperinsulinemic euglycemic clamp was 
performed to monitor insulin sensitivity.
Results: The rate of glucose infusion necessary to maintain euglycemia was 
significantly increased by GLP-1 when compared to control animals (CSF/
PBS: 17 ± 10; CSF/GLP-1: 43 ± 9 µmol/min/kg; P<0.01). Blocking the central 
GLP-1 receptor in combination with continuous GLP-1 infusion diminished 
the effect on GIR by 38% (EX-9/GLP-1: 27 ± 11 µmol/min/kg; P<0.01 vs. 
CSF/GLP-1). Central GLP-1R antagonism alone did not affect GIR compared 
to controls (EX-9/PBS: 20 ± 13 µmol/min/kg). GLP-1 treatment significantly 
increased insulin’s action to stimulate glucose disposal compared to both 
CSF/PBS and EX-9/PBS mice (CSF/PBS: 30 ± 17; CSF/GLP-1: 54 ± 21; EX-9/
PBS: 31 ± 16 % from basal; P<0.05). Central Ex-9 infusion tended to diminish 
the capacity of GLP-1 to stimulate insulin mediated glucose disposal (EX-
9/GLP-1: 40 ± 18 % from basal, p=0.22 vs. CSF/GLP-1). GLP-1 reinforced 
the capacity of insulin to suppress endogenous glucose production (CSF/PBS: 
24 ± 22; CSF/GLP-1: 65 ± 24; EX-9/PBS: 34 ± 25 % from basal), and central 
GLP-1 receptor antagonism tended to diminish this effect of GLP-1 (EX-9/
GLP-1: 43 ± 26 % from basal; P=0.061 vs. CSF/GLP-1).
Conclusion: Activation of central GLP-1 receptors partially mediates the ef-
fect of peripheral GLP-1 administration to beneficially impact on insulin ac-
tion in insulin resistant mice.
Supported by: an EFSD/Amylin grant
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Effect of replacing pre-meal insulin for exenatide on body weight, insulin 
secretion and hepatic/muscle fat in well-controlled insulin-treated 
patients with type 2 diabetes
K. Cusi1,2, C. Mendoza1, M. Mathew1, J. Chen1, A. Gastaldelli1, J. Lynch1,  
C. Darland2; 
1The University of Texas H.S.C. at San Antonio, San Antonio, United States, 
2The Veterans Affairs Medical Center, San Antonio, United States.

Background and aims: Intensive insulin therapy with long-acting basal plus 
rapid-acting pre-meal insulin may lead to optimal glycemic control in pa-
tients with type 2 diabetes mellitus (T2DM) at the expense of weight gain 
and an increased risk of hypoglycemia. Exenatide, a GLP-1 receptor agonist 
known to lower postprandial and day-long plasma glucose in T2DM, may 
help avoid these side effects while maintaining good metabolic control. How-
ever, this has not been carefully studied and little is known about the mecha-
nisms that are involved when combining insulin plus exenatide. Therefore, 
we investigated in well-controlled T2DM patients on basal long-acting in-
sulin the impact of replacing rapid-acting pre-meal insulin with exenatide 
twice daily.
Materials and methods: We recruited 24 patients with T2DM (age=58±3, gen-
der=21/3 (M/F), BMI=32.8±4.4 kg/m2, FPG=121±35 mg/dl, A1c=7.1±0.9%) 
well-controlled after 6 months of insulin detemir plus pre-meal insulin as-
part (INS). While all patients continued insulin detemir, the pre-meal insu-
lin was discontinued and replaced with exenatide twice daily for 6 months 
(INS+EXE). Before and after treatment all patients were admitted to the re-
search unit for the following metabolic measurements: 1) plasma glucose/in-

sulin secretion during a 4-hour mixed meal and during a day-long metabolic 
profile (day 1); 2) insulin secretion during a hyperglycemic clamp (day 2; 
exenatide given only on day 1 and not the morning of the test); 3) plasma 
hsCRP levels; 4) liver (LFAT) and intramyocellular (IMCL) fat content by 
magnetic resonance spectroscopy (MRS).
Results: Adding exenatide to insulin detemir insulin (INS+EXE; results 
available in 17) allowed to maintain similar glycemic control after 6 months 
(A1c: 7.1±0.9%vs. 6.8±0.7%; NS), even as pre-meal rapid-acting insulin was 
discontinued (42±5 units). The mean insulin detemir dose at bedtime was no 
different at the end of the study. Use of INS+EXE was associated with a sub-
stantial reduction in body weight (-4.6 kg±1.1, p<0.001). During the 4-hour 
mixed meal, mean plasma glucose (190±9 vs. 138±7 mg/dl) and the glucose 
increase above baseline (83± 8 vs. 32±8 mg/dl, p<0.001) were both signifi-
cantly lower after INS+EXE compared to INS (both p<0.001). During the 
hyperglycemic clamp, second phase insulin secretion increased significantly 
with INS+EXE (+19%; p<0.05) compared to insulin treatment. INS+EXE 
significantly reduced systemic inflammation as plasma hsCRP concentration 
decreased by 50% from 3.8±0.9 to 1.9±0.5 mg/L (p<0.04 vs. INS). Liver fat 
by MRS (data available in 12 patients) was reduced by 17% (from 12.1±1.3 
to 10.0±1.1%; p=0.09) but intramyocellular lipids were unchanged (from 
0.79±0.1 to 0.74±0.1%; NS). INS+EXE was well tolerated. Adverse events: 
INS+EXE was not associated with clinically significant hypoglycemia; 3 pa-
tients reported mild nausea that resolved within 4 weeks.
Conclusion: In well-controlled insulin-treated T2DM patients, replacement 
of pre-meal rapid acting insulin for exenatide twice daily is well accepted 
and allows equivalent glycemic control to intensified basal/pre-meal insulin 
therapy. Beneficial features of INS+EXE include significant weight loss, en-
hancement of insulin secretion, amelioration of systemic inflammation and 
reduction hepatic steatosis.
Supported by: Amylin Pharmaceuticals, Lilly, Novo-Nordisk and the Veterans 
Affairs Medical Research Fund

249
Glucose-dependent insulinotropic polypeptide leads to upregulation of 
inflammatory cytokines and calcitonin peptides in human adipocytes 
involving the PKA pathway
K. Timper, J. Grisouard, H. Zulewski, K. Dembinski, T. Radimerski,  
M. Fischer, U. Keller, B. Müller, M. Christ-Crain; 
Department of Biomedicine, Division of Endocrinology, Diabetology and 
Clinical Nutrition, Basel, Switzerland.

Background and aims: Glucose-dependent insulinotropic polypeptide 
(GIP), a 42-amino acid peptide, is released from entero-endocrine K-cells 
upon nutrient ingestion. Plasma GIP levels are increased by high-fat diet 
and GIP has recently been shown to directly promote fat accumulation in 
adipocytes via a specific GIP receptor. Inhibition of GIP signalling in mice 
was able to prevent the development of obesity-induced diabetes. Adipose 
tissue produces proinflammatory cytokines such as interleukin (IL)-1β and 
IL-6 which are involved in obesity related insulin resistance. We have shown 
recently that upon inflammatory stimulation adipose tissue expresses CALC-
I gene products including procalcitonin (Pro-CT) and calcitonin gene-related 
peptide (CGRP). Now we hypothesized that GIP is a mediator of low grade 
inflammation by increasing production of inflammatory cytokines and sub-
sequently calcitonin peptides. In addition we assessed the question whether 
the GIP effects were mediated via the protein kinase A (PKA) pathway.
Materials and methods: Human preadipocytes obtained from surgical bi-
opsies and preadipocyte-derived adipocytes were exposed to human GIP 
recombinant peptide GIP(1-42) (1h, 1nM), the GIP receptor antagonist 
GIP(6-30) (pre-incubation 15min, 10µM) as well as H-89, a PKA inhibitor 
(pre-incubation 1h, 20µM) and their combinations. mRNA-expression of 
IL-1beta, IL-6, Pro-CT and CGRP were analyzed by real-time PCR. CGRP 
protein concentrations were determined in supernatants by human-specific 
radioimmunoassay kits.
Results: In GIP-treated preadipocytes, mRNA-expression of IL-6, IL-1β, Pro-
CT and CGRP was not altered. In differentiated adipocytes, 1h GIP-treatment 
increased mRNA-expression of IL-6 to 255%±41% of control (p<0.001). IL-6 
expression was reduced by GIP(6-30) to 29%±3% (p<0.001) and by H-89 to 
47.93%±8% (n.s.) of GIP alone. GIP (1nM) increased mRNA-expression of 
IL-1β to 145%±37% of control (n.s.) and was not significantly reduced by 
GIP(6-30). Induction of CT mRNA-expression to 1433%±17% of control 
(p<0.001) due to GIP (1nM) treatment was down-regulated to 10%±4% 
(p<0.001) by pre-incubation with GIP(6-30) and to 70.26%±11% (n.s.) by 
H-89, respectively. CGRP expression was increased to 187%±57% (P<0.01) 
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by GIP-stimulation and reduced to 53.77%±12% (p<0.01) by GIP(6-30) and 
to 3.44%±2% (p<0.001) by H-89. Measurement of CGRP-protein release re-
vealed an induction to 170%±50% (p<0.01) due to GIP treatment.
Conclusion: These data demonstrate the potential of GIP to induce mRNA 
expression of pro-inflammatory cytokines and CALC-I gene products in hu-
man adipocytes involving the PKA-pathway. This indicates a potential role of 
GIP in the initiation of low grade inflammation in obesity and related insulin 
resistance and might represent an “entero-adipose-axis”.

250
Effects and mechanism of glucagon-like peptide-1 on injury of mice 
cardiomyocytes induced by hypoxia-reoxygenation
Y. Xie, W.-W. Sha, X. Zhou, W.-L. Wang, L.-P. Han, D.-Q. Li, D.-M. Yu; 
Metabolic Disease Hospital, Tianjin Medical University, China.

Background and aims: Although the insulinotropic role of glucagon-like 
peptide-1 (GLP-1) in type 2 diabetes mellitus has been substantiated, its role 
in cardioprotection remains largely unknown. This study aimed to determine 
effects of GLP-1 on injury of mice cardiac myocytes induced by hypoxia-re-
oxygenation (H/R) and possible mechanisms.
Methods: The cultured neonatal mice cardiac myocytes were randomly divid-
ed into seven groups: normal control group, H/R group, GLP-1+H/R group, 
GLP-1+H/R+UO126 group, GLP-1+H/R+LY294002 group, H/R+UO126 
group, H/R+LY294002 group. Lactate dehydrogenase (LDH) activity, ap-
optosis rate of cardiac myocytes, caspase-3 activity were detected after the 
injury of H/R.
Results: Compared with normal control group, the activity of LDH , cardiac 
myocyte apoptosis rate ,caspase-3 activity all increased significantly in H/R 
group (p<0.01). Compared with H/R group, these three indexes all decreased 
in H/R+GLP-1 group (p<0.01). However those changes of LDH activity, ap-
optosis rate, caspase-3 activity were inhibited by LY294002 (phosphatidyli-
nositol 3-kinase inhibitor, PI3K inhibitor) and UO126 (mitogen-activated 
protein kinase inhibitor, MAPK inhibitor) respectively.
Conclusion: GLP-1 can directly act on cardiac myocytes and protect them 
from H/R injury mainly by inhibiting their apoptosis,the mechanism of 
which may be concerned with GLP-1’s effects on apoptosis or anti-apoptosis 
may be through phosphatidylinositol 3-kinase (PI3K)-Akt pathway and mi-
togen-activated protein kinase (MAPK) signaling pathway.

251
Exendin-4 stimulates proliferation of human coronary artery 
endothelial cells through eNOS- and PI3K/Akt-dependent pathways but 
independently of GLP-1 receptor
Ö. Erdogdu1, D. Nathanson2, Å. Sjöholm2, T. Nyström2, Q. Zhang1; 
1Department of Clinical Science and Education, 2Department of Clinical 
Science and Education, Division of Internal Medicine, Södersjukhuset, 
Karolinska Institutet, Stockholm, Sweden.

Background and aims: We previously showed that human coronary artery 
endothelial cells (HCAECs) express the glucagon-like peptide 1 (GLP-1) re-
ceptor and that GLP-1 ameliorates endothelial dysfunction in type 2 diabetic 
patients with coronary heart disease. Exendin-4 is a stable GLP-1 receptor 
agonist and has been approved for clinical use against type 2 diabetes. In con-
trast to its effect on metabolism and endothelial function, the role of GLP-
1 and its analogue on endothelial cell growth is not known. In the present 
study, we have investigated the effect of Exendin-4 on cell proliferation and 
its underlying mechanisms in HCAECs in vitro.
Materials and methods: HCAECs were incubated with Exendin-4 (10 nM), 
GLP-1 (7-36) (100 nM) or the major GLP-1 metabolite GLP-1 (9-36) (100 
nM), respectively, in serum-deficient medium in the presence of 5 mM glu-
cose for 48 h. Phosphorylation and expression of endothelial nitric oxide 
synthase (eNOS) and Akt were examined after 48 h incubation by Western 
blotting using anti-phospho-eNOS (Ser1177), anti-eNOS, phospho-Akt (Ser 
473) and anti-Akt antibodies, respectively. 3H-thymidine incorporation was 
assayed in 96-well plates as a measure of DNA synthesis after 48 h incubation. 
Cell viability was assessed using Trypan blue exclusion.
Results: Incubation of HCAECs with Exendin-4 for 48 h resulted in a dose-
dependent increase in DNA synthesis; subsequent neogenesis was confirmed 
by an increased cell number. To investigate the roles of eNOS and PI3K in the 
Exendin-4 induced proliferation, the specific eNOS inhibitor L-NAME and 
the PI3K inhibitor LY294002 were used. The Exendin-4 induced prolifera-
tion was completely abolished by L-NAME and significantly suppressed by 

LY294002. Western blot showed that Exendin-4 dose-dependently stimulated 
phosphorylation of eNOS. The Exendin-4-stimulated activation of eNOS was 
associated with an increased NO production and was blocked by L-NAME 
or LY294002. Application of GLP-1 (7-36) or its major metabolite GLP-1 (9-
36) also resulted in eNOS activation, to same extent as Exendin-4 alone. The 
effect of Exendin-4 on eNOS activation was further examined in the pres-
ence of GLP-1 (7-36). Results from Western blotting revealed that Exendin-4 
induced eNOS phoshorylation was unaffected by co-incubation with GLP-1 
(7-36). The GLP-1 receptor antagonist Exendin (9-39) alone suppressed the 
basal phosphorylation of eNOS. However, co-incubation of Exendin (9-39) 
with Exendin-4 did not interfere with the Exendin-4 induced eNOS phos-
phorylation. In addition, incubation of HCAECs with Exendin-4 caused an 
increased Akt phosphorylation, an effect which was inhibited by LY294002.
Conclusion: Our results suggest that Exendin-4 stimulates proliferation of 
human coronary endothelial cells. The effect of Exendin-4 seems to be GLP-
1 receptor-independent and is mediated through the PI3K/Akt and eNOS 
activation pathways. The beneficial effects of Exendin-4 on human coronary 
artery endothelial cells add yet another salutary property to incretin-based 
antidiabetic therapy, increasing its clinical utility in type 2 diabetic patients in 
whom endothelial dysfunction is a salient feature that adversely affect their 
survival.
Supported by: Stiftelsen Olle Engkvist Byggmästare

252
Impairment of synaptic plasticity and learning in GLP-1 receptor 
knockout mice: interaction between type 2 diabetes and Alzheimer’s 
disease
P.L. Mc Clean1, T. Abbas1, E. Faivre1, D.J. Drucker2, C. Hölscher1; 
1School of Biomedical Sciences, University of Ulster, Coleraine, United 
Kingdom, 2Banting and Best Diabetes Centre, University of Toronto, 
Canada.

Background and aims: Type 2 diabetes is a known risk factor for Alzheimer’s 
disease (AD), with impairments in insulin signalling contributing to neu-
rodegeneration. The incretin hormone Glucagon-like peptide-1 (GLP-1) has 
been shown to normalise insulin signalling in type 2 diabetes. Importantly, 
GLP-1 also plays a role in neuronal activity and brain functions. The aim of 
this study was to elucidate the specific role of GLP-1 receptors in synaptic 
plasticity and cognitive processes in the GLP-1 receptor knockout (GLP-1R 
KO) mouse model.
Materials and methods: Male GLP-1R KO mice and age-matched, control, 
wild-type (WT) animals with the same C57/Bl6 genetic background were 
used to assess exploratory behavior and learning and memory in open field, 
object recognition and spatial water maze tasks. Long term potentiation 
(LTP), was measured in GLP-1R KO and WT mice, in area CA1 of the hip-
pocampus using a high frequency stimulation protocol.
Results: In open field assessment a small increase in speed of movement in 
GLP-1R KO mice (p<0.05) was observed. GLP-1R KO animals also exhibited 
slightly reduced anxiety levels (p<0.05), compared with WT controls. In an 
object recognition task GLP-1R KO animals displayed similar exploratory 
behavior to WT mice, but failed to differentiate between novel and familiar 
objects (p<0.05). No impairment was detected in an object relocation task. In 
a water maze task, GLP-1R KO mice were impaired in the acquisition phase 
(p<0.001) and in the probe trial (p<0.05). LTP in area CA1 of the hippoc-
ampus was severely impaired in GLP-1 KO mice (p<0.0001). Paired-pulse 
facilitation was also impaired at 25ms interstimulus interval (p<0.05), but not 
at intervals of increasing duration.
Conclusion: These results demonstrate that lack of GLP-1 receptor function 
impairs synaptic plasticity and some forms of learning and memory forma-
tion. They show that GLP-1 receptor signalling plays a specific role in neuro-
transmission and cognition. GLP-1 receptors appear to play a role in synaptic 
activity and neurotransmitter release, similar to the effects on insulin release 
in beta-cells. The results also help to explain previous results that show neuro-
protective effects of GLP-1 analogues in models of Alzheimer’s disease.
Supported by: a project grant from the Alzheimer Research Trust
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Bayesian network to investigate the dependency and interaction between 
HLA, INS, PTPN22 and CTLA4 genes in type 1 diabetes
R.A. Portuesi1, L. Lausser2, M.L. Spoletini3, S. Zampetti3, A. Petrone3,  
B. Boehm2, H.A. Kestler4, P. Pozzilli1, R. Buzzetti3; 
1University Campus Bio-Medico, Rome, Italy, 2Internal Medicine I, 
University Hospital of Ulm, Germany, 3University “La Sapienza”, Rome, Italy, 
4Institute for Neural Information Processing, University of Ulm, Germany.

Background and aims: Type 1 diabetes (T1D) is a multifactorial and poly-
genic disease with four major susceptibility genes (HLA (DR/DQ), CTLA4, 
INS, PTPN22) that by interacting with each other and with environmental 
factors, determine disease onset. These genes are known to be involved in 
immune regulation whereas INS modulates insulin expression in human thy-
mus. The incidence rate of T1D is increasing uniformly in Italy with an an-
nual average increase of 3.6%. The genetic profile of individuals who develop 
diabetes appear to change in countries with a high T1D incidence shifting 
from predominantly high-risk HLA genotypes towards higher percentage of 
median and low-risk HLA genotypes. The aim of this study was to investigate 
in T1D.
Materials and methods: Genetic data (HLA, PTPN22, INS, CTLA4) were 
analysed from a group of 391 T1D patients and 100 controls (M/F 1.06, age 
1-41) diagnosed by participating centres of the IMDIAB group in continen-
tal Italy. Diagnosis of T1D was based on the ADA classification criteria. The 
control group was recruited from the Blood Transfusion Service in Rome. 
We divided HLA alleles in high, moderate and low risk for T1D, CTLA4 and 
PTPN22 alleles in susceptibility/non susceptibility alleles, and INS gene al-
leles in susceptibility/protection. We estimated a Bayesian network to study 
dependencies and interactions between the different alleles in relationship to 
group status. Bayesian networks, also called belief networks, are probabilistic 
graphical models that represent a set of variables and their probabilistic de-
pendencies. In the present study the model was trained on genetic variables 
and group status (T1D / control). A hill climbing algorithm was used for fit-
ting the model.
Results: The frequency of the HLA genotypes with high, moderate and low 
risk was 18.9%, 55.2% and 25.8% in T1D patients (2%, 5%, 93% in controls). 
The model shows that group status is directly influenced by HLA (p = 1.4*10-30)  
and INS (p=3.0*10-8), and that there is a dependency of INS on HLA (p = 
3.0*10-5). For high, moderate and low risk HLA corresponding conditional 
frequencies of 0.74, 0.76 and 0.55 for INS susceptibility alleles were found. 
Separating the data group wise, leads to corresponding conditional probabili-
ties of 1, 0.4, 0.34 for the control group and 0.73, 0.76, 0.75 for the patient 
group for high, moderate and low risk respectively. No significant connection 
between HLA and PTPN22 (p = 0.07) and CTLA4 and INS (p = 0.1) could 
be found.
Conclusion: This study confirms that HLA (DR/DQ) and INS susceptibility 
alleles are the major determinants of the disease. By analysing all 491 subjects 
a higher probability for INS susceptibility alleles was found in the presence of 
high and moderate risk HLA alleles. However, if we consider INS susceptibil-
ity alleles only in the T1D group, these are less frequent in high risk HLA al-
leles. Further substantiation is needed for the identification of the statistically 
significant conditional dependency of INS on HLA.
RP supported by the Italian Ministry for Education,University and Research 
(MIUR)
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Both isolated type 1 diabetes and polyautoimmune beta cell failure of 
APS2 share the same susceptibility profile at gene loci: HLA DR, CTLA4, 
and INS in the T1DGC dataset
K. Badenhoop1, H. Kahles1, E. Ramos-Lopez1, B. Boehm2, T1DGC; 
1Endocrinology, Diabetes & Metabolism, University of Frankfurt am Main, 
2Endocrinology, Diabetes & Metabolism, University of Ulm, Germany.

Background and aims: Type 1 diabetes (T1D) may occur as isolated immune 
mediated ß-cell disease or as part of polyglandular syndrome, mostly type 
2 (APS2) where other endocrine and non-endocrine autoimmune disor-
ders develop in the later course or are already present at T1D manifestation. 
These APS2 associated T1D patients often suffer from complicated metabolic 
control due to the comorbidities or medication. We reasoned whether the 

established genetic susceptibility markers differ in isolated T1D from APS2 
associated T1D.
Materials and methods: Data from the RR 2008.07 dataset of the T1DGC 
were used to study transmission rates of the susceptible HLA DR, CTLA4 
and INS alleles either to T1D only or T1D with APS2 manifestations (autoim-
mune thyroid disease, Addison´s disease, multiple sclerosis, vitiligo, alopecia, 
rheumatoid arthritis).
Results: Altoghether 5125 individuals had sufficient phenotypic and geno-
typic information. We identified 2820 T1D and 341 T1D/APS2 patients. In 
both groups a strong susceptibility was conferred by HLA DR3, DR4 (trans-
mission rate 75.2 % and 75.7% , p=2,e-110 and 1,e-15, but no difference be-
tween the grouops) whereas DR1 and DRX were associated with significant 
protection. Whereas a non-significant trend was observed for the CTLA4+49 
SNP in isolated T1D (p=0.0624), no difference in transmission was found in 
T1D/APS2 patients. The association at the INS locus however is significant 
only in T1D (p=1,e-15) but not in T1D/APS2 (p=0.0516) transmissions.
Conclusion: In conclusion the isolated form of T1D and the one with APS2 
comorbidities do not appear to differ at major susceptibility loci. Interaction 
of genetic and environmental factors is therefore assumed to determine mul-
tiorgan autoimmunity in T1D patients.
Supported by: NIDDK, NIAID, NHGRI, NICHD, JDRF and U01 DK062418
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HLA Class I allele B39 defines the rate of progression of autoimmunity 
in children with HLA-DRB1*0404-DQB1*0302 haplotype
K. Lipponen1, Z. Gombos1, R. Hermann1, R. Veijola2, O. Simell3, M. Knip4, 
J. Ilonen1; 
1Immunogenetics Laboratory, University of Turku, 2Department of 
Paediatrics, University of Oulu, 3Department of Paediatrics, University 
of Turku, 4Hospital for Children and Adolescents, University of Helsinki, 
Finland.

Background and aims: HLA associated susceptibility to type 1 diabetes 
is mainly defined by alleles of class II DR and DQ genes but contribution 
of some class I alleles in A and B loci has been also demonstrated. It has 
been proposed, that class II genes determine the initiation of autoimmunity 
whereas class I genes might determine the progression of beta-cell damage. 
This would fit to the antigen recognition in context of class II alleles by CD4 
cells initiating the immune response whereas cytotoxic CD8 cells respond to 
antigenic peptide presented by class I molecule. We have previously found 
that the risk for type 1 diabetes conferred by HLA-DRB1*0404-DQB1*0302 
haplotype is dependent on the presence of HLA-B39 allele in the genotype.
Materials and methods: Children participating the Finnish Diabetes Predic-
tion and Prevention (DIPP) study who developed at least 2 different diabetes 
associated autoantibodies (ICA, IAA, GADA or IA-2A) and were positive for 
DRB1*0404-DQB1*0302 haplotype were selected for the analysis. Children 
were followed at regular visits including blood samples at 3-12 month inter-
vals since birth and at as a rule 3 month intervals since converting positive 
for an autoantibody. HLA-DRB1 and DQB1 alleles were defined using lan-
thanide labelled sequence specific oligonucleotides in microtitre plate based 
assay and B39 was typed using sequence specific primers for specific ampli-
fication and visualisation of the product on agarose gel. Autoantibodies were 
analysed using standard methods.
Results: The progression of autoimmunity after the time-point of appearance 
of the first autoantibody positive sample (IAA, GADA or IA-2A) was com-
pared between children positive and negative for B39 allele. Kaplan-Meier 
analysis demonstrated more rapid development of clinical type 1 diabetes 
among children positive for B39 compared to those negative for this allele 
(P=0.00042). 9 of 40 (22.5%) children with B39 developed the disease com-
pared to 5 of 114 (4.4%) children without B39. Mean survival time for B39 
positive children with type 1 diabetes was 1.7 years and for B39 negative 2.4 
years.
Conclusion: The result confirms the significance of this particular class I as-
sociation in the progression of established autoimmunity into clinical dia-
betes.
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Capture of type 1 diabetes-susceptible HLA-DR-DQ haplotypes in 
Japanese by tag single nucleotide polymorphisms
K. Nakanishi1,2, C. Watanabe1, Y. Shima3; 
1Dept. of General Internal Medicine and Metabolism, Toranomon Hospital, 
Kawasaki, 2Okinaka Memorial Institute for Medical Research, Tokyo, 
3Laboratory of Biochemistry, Kyorin University Faculty of Health Science, 
Tokyo, Japan.

Background and aims: HLA-DR and -DQ loci in MHC class II region most 
strongly confer the susceptibility to type 1 diabetes. However, DNA typing of 
HLA-DR and -DQ alleles are complicated. We tried to develop the methods 
to identify type1 diabetes-susceptible HLA-DR-DQ haplotypes rapidly us-
ing tag single nucleotide polymorphisms (SNPs) for HLA class II alleles, and 
estimated the disease risk using these SNPs.
Materials and methods: A total of 211 subjects including 201 patients with 
type 1 diabetes (men/women: 115/86, age at onset: 34 ± 14 years, mean ± SD) 
and 10 patients with other diseases were typed for tag SNPs and HLA-DRB1, 
-DQA1, and -DQB1 alleles. In addition, 300 control subjects were typed for 
tag SNPs. All subjects were Japanese. Based on the report of de Bakker et al. 
(Nat Genet 38:1166, 2006), we chose rs2395185 (T) and rs411326 (C) as tag 
SNPs for DRB1*0405, rs3129888 (G) as tag SNP for DRB1*0802, rs6457617 
(T) as tag SNP for DQA1*03, and rs3998159 (A) as tag SNP for DQB1*0303. 
These SNPs were typed by TaqMan assay. HLA-DRB1, -DQA1 and -DQB1 
alleles were typed by PCR-RFLP methods.
Results: One hundred and twenty-six of 128 DRB1*0405 haplotypes had 
T allele in rs2395185 (sensitivity: 98.4 %), whereas only 150 of 294 non-
DRB1*0405 haplotypes had G allele (specificity 51.0 %). One hundred and 
sixteen of 128 DRB1*0405 haplotypes had C allele in rs411326 (sensitivity: 
90.6 %), whereas only 87 of 135 non-DRB1*0405 haplotypes had T allele 
(specificity 64.4 %). However, T allele of rs2395185 captured all DR4 haplo-
types involving not only DRB1*0405 but also other DR4 specificities includ-
ing DRB1*0405-DQA1*03-DQB1*0401, 0303, 0302, or 0402, DRB1*0406 
-DQA1*03-DQB1*0302, and DRB1*0403-DQA1*03-DQB1*0302 etc. and all 
DR9 haplotypes including DRB1*0901-DQA1*03-DQB1*0303 or 0302 at sen-
sitivity of 98.5 % (262 /266) and specificity of 94.9 % (148/156). In addition, G 
allele of rs3129888 captured DRB1*0802 haplotypes including DRB1*0802-
DQA1*03-DQB1*0302 and DRB1*0802-DQA1*0401-DQB1*0302 or 0402 
at sensitivity of 92.3 % (24/26) and specificity of 99.0 % (390/394). As for 
haplotypes involving DQA1*03, sensitivity of T allele of rs6457617 was 98.9% 
(282/285), but specificity was only 64.4 % (87/135). Sensitivity of A allele of 
rs3998159 for capturing DRB1*0303 haplotypes was 99.1 % (108/109), but 
specificity was only 17.4 % (51/311). Frequency of T allele of rs2395185 was 
increased in patients with type 1 diabetes (64.4 %, 259/402) compared with 
normal controls (38.7 %, 232/600, p<0.0001) [Odds ratio (95% confidence 
interval) (OR: 95% CI): 2.87 (2.21-3.74)]. When GG genotype of rs2395185 
was regarded as reference group, OR (95% CI) for developing type 1 diabetes 
in TT or GT genotype of rs2395185 was 9.49 (5.37-17.3) (p<0.0001) or 2.72 
(1.65-4.62) (p<0.0001), respectively. On the other hand, frequency of G allele 
of rs3129888 did not differ between patients with type 1 diabetes and normal 
controls [7.0 % (28/402) vs. 6.5 % (39/597), p=0.80].
Conclusion: Tag SNPs of rs2395185 and rs3129888 could capture type 1 
diabetes-susceptible HLA-DR-DQ haplotypes involving all DR4 and DR9 
specificities and DRB1*0802, respectively. Especially, rs2395185 showed high 
odds ratio enough to estimate the risk for type 1 diabetes. This is the valuable 
resource for screening subjects at risk in prevention trial for type 1 diabetes.

257
KIR genes confer susceptibility to type 1 diabetes in Swedish patients 
positive for Coxsackie virus B antibodies
S.K. Sedimbi1, S.K. Vasan1,2, D. Zhi3, C.B. Sanjeevi1; 
1Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden, 
2Department of Endocrinology, Diabetes & Metabolism, Christian Medical 
College and Hospital, Vellore, India, 3Endocrinology, Children’s Hospital of 
Fudan University, Shanghai, China.

Background: Natural Killer (NK) cells are potent modulators of innate (and 
adaptive) immune responses. Killer Ig-like receptors (KIR) are a group of 
activatory and inhibitory receptors expressed on NK cells, which bind to 
specific motifs of Human Leukocyte Antigen (HLA) Class I molecules. The 
activation or inhibition of NK cell activity depends on the overall signal gen-
erated as a result of the dynamic balance between activatory and inhibitory 

KIRs. The varying KIR/HLA genotypes in each individual in a population 
and among different populations are a mechanism by which immune system 
fights pathogens. However, this might also modify susceptibility related to 
autoimmune diseases. KIR genes have been associated with Type 1 Diabetes 
(T1D) in certain populations. Several enteroviruses such as Coxsackie virus B 
(CVB), Ljungan virus, rota virus, mumps virus, cytomegalovirus, and rubella 
virus have been associated with T1D.
Aims: In the present study we had tested the hypothesis that: i) presence (or 
absence) of certain KIR genes along with their HLA-C ligands confers sus-
ceptibility to T1DM, and ii) KIR genes confer higher risk to T1DM in sub-
jects positive CVB antibodies.
Subjects and methods: The study included a total 315 consecutively diag-
nosed new onset T1DM patients and 249 age, gender and region matched 
healthy controls belonged to the age group 0-14 years, collected as a part of 
two major studies previously done in Sweden. DNA extracted previously was 
whole genome amplified using REPLI-g mini kit (Qiagen, Hilden, Germany) 
as per the manufacturer’s instructions. A quality control was performed to ac-
cess the quality of the amplified DNA. The amplified DNA was tested for the 
presence of framework genes, KIR2DL4, KIR3DL2 and KIR3DL3. Only those 
samples which were positive for all the three framework genes were included 
in the study. KIR and HLA-C ligand genotyping was performed using PCR-
sequence specific primer (SSP) methodology. The subject material has been 
previously tested for high risk HLA, autoantibodies to GAD65, IA-2 and IAA, 
CVB antibodies and alleles of MICA and SUMO4.
Results: i) KIR genes frequencies were investigated in patient and healthy 
control populations belonging to the age groups 0-14 years. No significant 
difference was observed. ii) KIR and CVB: Of the 315 T1DM patients in 0-14 
year age group, 223 were previously tested for CVB antibody and 55 out of 
223 were positive for CVB. KIR and HLA-C ligand frequencies were com-
pared among CVB antibody + and CVB antibody - patients. KIR2DL5 (OR 
(95%CI) =1.95 (1.06-3.61) P=0.03) and KIR2DS5 (OR (95%CI) =1.94(1.03-
3.66) P=0.04) were positively associated with T1DM in patients positive for 
CVB antibody. The combined presence of KIR2DL5 and KIR2DS5 was sig-
nificantly increased in CVB antibody positive patients when compared to 
CVB antibody negative patients, in the 0-14 year age group (OR (95%CI) 
=2.11 (1.11-4.03), P= 0.02). Combined absence of KIR2DL5 and KIR2DS5 
was however significantly high in CVB antibody negative patients compared 
to CVB antibody positive patients.
Conclusion: KIR2DL5 and KIR2DS5 are important predisposing genes in 
CVB antibody positive Swedish patients.
Supported by: Swedish Medical Research Council, Swedish Institute, Swedish 
Diabetes Association, Barn Diabetes Fund, Karolinska Institute, EFSD Albert 
Renold Fellowship
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Novel polymorphism in the PTPN2 gene is associated with type 1 
diabetes mellitus in Russian patients
Y.A. Seregin1, E.Y. Lavrikova1, A.G. Nikitin1, L.I. Zilberman2, T.L. Kuraeva2, 
V.V. Nosikov1; 
1National Research Centre “GosNII genetika”, 2Endocrinology Research 
Centre, Moscow, Russian Federation.

Background and aims: Last generation genomic scans for type 1 diabetes 
mellitus (T1DM) susceptibility revealed a group of genes coding protein ty-
rosine phosphatases of non-receptor type (PTPNs). At least 3 members of 
this family (PTPN2, 11 and 22) were found to be located in the regions of 
maximum linkage to T1D on chromosomes 18, 1 and 12, respectively. In the 
current study we aimed to perform a mapping of one of these genes, PTPN2, 
using tag-SNP approach, in a group of T1DM patients from Russia. The use 
of taq-SNPs helps to evaluate association not only for single SNPs but for 
linkage blocks inside the gene region.
Materials and methods: A group of 176 T1DM patients and 206 unrelated 
controls of Russian origin were recruited in Endocrinology Research centre, 
Moscow. Genotyping was performed using Taqman assays on ABI 7500 ther-
mocycler. Allele and genotype distributions in T1DM and control subjects, 
significance of association and the odds ratios were calculated using SPSS 
11.0 software.
Results: A set of 4 tag SNPs (rs2542151, rs2847281, rs3737361, rs547268) 
was designed within PTPN2 gene and 5’ and 3’ flanked regions using Hap-
map web site. Minimum allele frequencies for affected SNPs were assumed to 
be 0.2. One of these polymorphisms, rs2542151, was previously found to be 
highly associated with T1DM. T1DM patients and controls were genotyped 
for all 4 polymorphisms and for HLA DR3/DR4 susceptible haplotypes. 



S 112 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

Analysis of genotyping data demonstrated that none of these PTPN2 poly-
morphisms were in significant linkage disequilibrium and all of them were 
in Hardy-Weinberg equilibrium in a control group. Analysis of association 
revealed significant difference in allele and genotype frequencies for one of 
PTPN2 polymorphisms, rs2847281, which represents C/T. Particularly, we 
found that allele T and genotype TT appeared more frequently in T1DM pa-
tients (73% vs. 63%, OR=1.58, Pc=0.004; 59% vs. 42%, OR=1.93, Pc=0.006, 
respectively). In contrast, “traditional” rs2542151 polymorphism was not as-
sociated with T1DM in Russian patients living in Moscow. In order to re-
duce an effect of HLA genes we calculated the difference between T1DM and 
control group after removal of all carriers of DR3/DR4 heterozygous geno-
type. We observed stronger association in this case (76% vs. 63%, OR=1.81, 
Pc=0.0004 for allele T; 63% vs. 42%, OR=2.28, Pc=0.0007 for genotype TT). 
Polymorphism rs2847281 is located in intron 5 of PTPN2 gene and unlikely 
represents a functional variant. In order to assess functional significance of 
association we searched for known polymorphisms being in strong linkage 
with rs2847281, and we have not found any coding or regulatory SNP. Thus, 
further sequencing of linkage blocks is required to find new SNPs involved in 
disease progression pathway.
Conclusion: We found a novel polymorphism in PTPN2 gene which is as-
sociated with type 1 diabetes mellitus. Our data suggest that rs2847281 SNP 
is one of the strongest genetic markers of T1D in Russian patients living in 
Moscow.

259
CNDP1 gene polymorphism predicts progression from nephropathy to 
end-stage renal disease in type 1 diabetes mellitus
A. Alkhalaf1,2, S.J.L. Bakker1, N. Vionnet3, P. Rossing4, H.J.G. Bilo2,5, G.J. 
Navis1, L. Tarnow4; 
1Internal Medicine - Nephrology, University Medical Center Groningen, 
Netherlands, 2Diabetes Center, Zwolle, Netherlands, 3Centre National 
de Génotypage, Evry Cedex, France, 4Steno Diabetes Center, Gentofte, 
Denmark, 5University Medical Center Groningen, Netherlands.

Background and aims: Homozygousity of a 5-leucine repeat (5L-5L) in the 
carnosinase gene CNDP1 has been found to be associated with diabetic ne-
phropathy in cross-sectional studies, mainly in type 2 diabetes. However, 
longitudinal data on renal function are limited. We prospectively investigated 
whether allelic variation in CNDP1 gene is associated with risk for progres-
sion from nephropathy to end-stage renal disease (ESRD) in patients with 
type1 diabetes.
Materials and methods: Prospective observational study in patients with 
type1 diabetes and nephropathy defined by persistent albuminuria 300 mg/
24h. GFR was measured after a single injection of 51Cr-EDTA. Leucine repeat 
in the CNDP1 gene was assessed by fluorescent DNA analysis system. ESRD 
was defined as need for start of chronic dialysis or kidney transplantation.
Results: 410 patients (59.3% male, age 41.9 10.3 years) were included. At base-
line, duration of diabetes was 28 8.7 years, HbA1c 9.4 1.5%, serum creatinine 
101 (interquartile range (IQ) 81-134) mol/L, GFR 77 33 ml/min and urinary 
albumin excretion 593 (IQ 267-1518) mg/24h. 5L-5L was found in 156 (38%) 
patients. After 9.5 (IQ 7.1-12.6) years of follow-up, 28 patients (17.9%) with 
5L-5L developed ESRD vs. 42 (16.5%) with any other allelic variant [Cox-re-
gression hazard ratio (HR)=1.1 (95% CI 0.7-1.8), P=0.69]. After adjustment 
for potential confounders, including baseline GFR, albuminuria, HbA1c, and 
blood pressure in a multivariate Cox-regression model, 5L-5L was associated 
with increased risk for progression to ESRD [HR= 1.8 (1.0-3.0), P=0.02].
Conclusion: In this prospective study on allelic variation in CNDP1 gene, 
homozygousity of a five-leucine repeat was associated with an increased risk 
for progression from nephropathy to ESRD in patients with type 1 diabetes. 
Interference in carnosine metabolism could be renoprotective in diabetic 
nephropathy.In this prospective study on allelic variation in CNDP1 gene, 
homozygousity of a five-leucine repeat was associated with an increased risk 
for progression from nephropathy to ESRD in patients with type 1 diabetes. 
Interference in carnosine metabolism could be renoprotective in diabetic ne-
phropathy.
Supported by: the European Commission
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Genetic effects of MCF2L2 Leu359Ile polymorphism on diabetic 
nephropathy
H.F. Gu, S. Efendic, K. Brismar; 
Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden.

Background and aims: MCF2L2 (MCF.2 cell-line derived transforming se-
quence-like 2) is a Rho family guanine-nucleotide exchange factor (GEF), 
and Rho protein plays an important role in the pathogenesis of cardiovas-
cular disorders. The aim of this study was to investigate the genetic effect of 
Leu359Ile variant of MCF2L2 on diabetic nephropathy (DN).
Materials and methods: Americans subjects of European descent, including 
574 (female 264/male 310) type 1 diabetes (T1D) patients with DN and 594 
(353/241) T1D patients without DN were selected from Genetics of Kidney 
Diseases in Diabetes (GoKinD) study. Leu359Ile (T1165G) is a detectable 
non-synonymous single nucleotide polymorphism (nsSNP) in the MCF2L2 
gene. Genotyping experiments were performed with TaqMan allelic discrim-
ination.
Results: The G allele frequency in female T1D patients with DN was lower 
compared to female T1D without DN (0.165 vs. 0.220, P=0.017, OR=0.701). 
The association between Leu359Ile polymorphism and DN among female 
T1D patients was significant (P=0.005, OR=0.615 by the dominant model 
and P=0.018, OR=0.757 with Armitage’s trend tests). Further analysis indi-
cated that female T1D-DN patients carrying with GG genotype had lower 
creatinine (1.44±0.24 mg/mL vs. 1.95±0.13 and 1.96±0.19) and cystatin 
(1.73±0.33 mg/L vs. 2.21±0.12 and 2.20±0.21) levels compared to the carriers 
with TT and TG genotypes. The association of this polymorphism with DN 
among male T1D patients was not statistically significant.
Conclusion: The present study provides the evidence that MCF2L2 Leu359Ile 
variant is associated with decreased risk of DN in female T1D patients. Ques-
tions of gender difference and GEF biology have been taken into our consid-
eration with replication and functional studies.
Supported by: all subjects included in the GoKinD study, Novo Nordic Consor-
tium and Family Erling-Persson Foundation
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Polymorphism of glutamate-cysteine ligase catalitic subunit (GCLC) 
and glutathione peroxidase 3 (GPX3) genes as risk factors for overt 
nephropathy in type 1 diabetes mellitus
S.M.S. Vieira1,2, A. Cavaleiro Luna1, M. Zanella Fortes1, M. Nery3,  
M. Queiroz3, S.A. Dib4, M.F. Vendramini2, M.J. Azevedo5,  
D. Giannella-Neto1, L.H. Canani5, M. Corrêa-Giannella1; 
1Endocrinology, Laboratory for Cellular and Molecular Endocrinology 
(LIM-25), São Paulo, 2Endocrinology, Instituto de Assistência Médica ao 
Servidor, São Paulo, 3Endocrinology, Endocrine Division, Hospital das 
Clinicas, São Paulo, 4Endocrinology, Centro de Diabetes, Federal University 
of São Paulo, 5Endocrinology, Endocrine Division, Hospital de Clınicas de 
Porto Alegre, Brazil.

Background and aims: Diabetic nephropathy (DN) represents one of the 
leading causes of end-stage renal disease and affects approximately one third 
of type 1 diabetic patients during their lifetime, at times irrespective of the 
glycemic control. These findings, taken together with results of family and 
epidemiological studies point to the existence of genetic susceptibility to the 
renal lesions induced by the metabolic disturbances triggered by chronic 
hyperglycemia. The aim of this study was to test whether genes involved in 
glutathione (GSH) metabolism are candidates for nephropathy susceptibility 
in patients with type 1 diabetes mellitus. To this end, two functional polymor-
phisms were genotyped in Brazilian type 1 patients: -129C→T in GCLC, the 
gene coding for the catalytic subunit of glutamate-cysteine ligase, the rate-
limiting enzyme in GSH synthesis, and -65T→C in GPX3, the gene coding for 
plasma glutathione peroxidase, an important antioxidant enzyme
Materials and methods: 263 patients were divided into two groups according 
to the presence (n = 87) or absence (n = 176) of overt diabetic nephropathy 
(DN), defined by persistent macroalbuminuria or proteinuria, or renal re-
placement therapy
Results: The allelic distribution of both polymorphisms was consistent with 
the Hardy-Weinberg equilibrium. The presence of at least one T allele of 
GCLC −129C→T (OR = 2.84; CI 95% = 1.33 -6.06; p = 0.007) and of at least 
one C allele of GPX3 -65T→C (OR = 2.61; CI 95% = 1.31 - 5.20; p = 0.006) 
were independent risk factors for overt DN after adjustment for other risk 
factors. The combination of the wild type genotypes of GCLC and GPX3 poly-
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morphisms (CC/TT) was protective for overt DN (OR = 0.37, CI 95% = 0.20 
- 0.68; p = 0.001)
Conclusion: this study provides evidence that the evaluated polymorphisms, 
associated to a lower transcriptional activity of GCLC and GPX3 genes, and 
probably to a smaller GSH antioxidant pool, constitute risk factors for overt 
DN in type 1 diabetic patients.

Frequencies of GCLC and GPX3 genotypes and genotype combinations ac-
cording to nephropathy status

Without overt 
diabetic nephro- 
pathyn=176 

With overt
diabetic nephro- 
pathyn=87

P value

Genotypes
GCLC (CT + TT) 22 (12.5) 20 (23.0) 0.029
GPX3 (TC + CC) 33 (18.8) 32 (36.8) 0.001
Genotype combinations 
(GCLC/GPX3)
CC/TT 122 (69.3) 40 (46.0) <0.001

Supported by: FAPESP, CNPq and FIPE-HCPA

PS 2 Prediction and prevention of 
type 1 diabetes
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Prognostic relevance of autoantibodies against IA-2beta in  
IA-2A-positive school children from the general population
J. Heide1, S. Krause2, U. Walschus1, A.-M. Hoss1, R. Wassmuth3,  
P. Achenbach2, M. Schlosser1; 
1Department of Medical Biochemistry and Molecular Biology, Ernst-
Moritz-Arndt University Greifswald, Karlsburg, 2Diabetes Research Group, 
TU Munich, 3TU Dresden, Germany.

Background and aims: Autoantibodies (AAb) against islet autoantigens like 
Glutamate decarboxylase (GADA), Protein tyrosine phosphatase (IA-2A) 
and Insulin (IAA) are established serological markers of beta-cell specific 
autoimmunity in the prediabetic phase and are therefore used for prediction 
of Type I diabetes mellitus (T1DM). In the mid-1990s, AAbs against another 
Protein tyrosine phosphatase (IA-2beta) which is structurally similar to IA-2 
(74% amino acid sequence homology for the intracellular domains) were also 
found to be associated with T1DM. The aim of the present study was to assess 
the prevalence of AAbs against IA-2beta (IA-2betaA) in IA-2A-positive chil-
dren from the general population with no first-degree T1DM heredity, and to 
examine whether the detection of IA-2betaA could be used to further stratify 
the risk for progression to T1DM in IA-2A-positive subjects.
Materials and methods: Serum samples from 71 IA-2A-positive schoolchil-
dren from the Karlsburg Type-1-Diabetes Risk Study, a general population-
based combined AAb screening for GADA, IAA and IA-2A, were examined 
for the presence of IA-2betaA by radio-ligand binding assay using [35S] me-
thionine-labelled human recombinant intracellular portion of IA-2beta. Ad-
ditionally, PCR and DNA hybridization with specific non-radioactive probes 
were used for determination of the HLA-DQB1 genotype.
Results: IA-2betaA were detected in 32.4% (23/71) of the IA-2A-positive chil-
dren. 95.7% of them (22/23) had multiple diabetes-associated AAbs (GADA, 
IA-2A and/or IAA), only 1/23 (4.3%) has singular IA-2A (p<0.0001). 21/23 
(91.3%) of the IA-2betaA-positive children also had a T1DM-associated HLA-
DQB1 haplotype (HLA-DQB1 *0302 and/or *02) while only 2/23 (8,7%) had 
neutral HLA-DQB1 alleles (p<0.0001). The HLA-DQB1*0302 haplotype was 
more common (12/21 subjects, 57.1%) than the HLA-DQB1*02 haplotype 
(9/21 subjects, 42.9%). No IA-2betaA-positive child had the dominant-pro-
tective HLA-DQB1 allele *0602. 18 children progressed to T1DM, of those 
11 (61.1%) were IA-2betaA-positive and had also multiple AAbs. The risk for 
IA-2A-positive children to develop T1DM was therefore significantly higher 
with detection of IA-2betaA than without IA-2betaA reactivity (p<0.01). All 
IA-2betaA-positive subjects with at least one diabetes-associated HLA-DQB1 
allele developed T1DM. Testing for IA-2betaA in IA-2A-positive subjects had 
a specificity of 61%, a sensitivity of 77%, a positive predictive value of 48% 
and a negative predictive value of 85%.
Conclusion: The occurrence of IA-2betaA is associated with known T1DM 
risk factors like positivity for multiple AAbs and presence of T1DM-associated 
HLA-DQB1 alleles as well as with progression to T1DM. In IA-2A-positive 
subjects from the general population, the detection of IA-2betaA can help to 
further stratify the risk for progression to T1DM by identifying probands with 
a higher risk. Therefore, based on specificity and sensitivity as well as positive 
and negative predictive value, testing for IA-2betaA in IA-2A-positive subjects 
should be included in AAb-based risk assessment for prediction of T1DM.
Supported by: BMFT 07NBL02/D4; State Mecklenburg-Vorpommern 
EMAU16/1995
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Decrease in GAD-65, IA-2 and insulin autoantibodies during non-
diabetic pregnancy
S.R. Lindehammer1, I. Hansson1, B. Midberg2, S.A. Ivarsson3, K. Lynch1,  
J. Dillner4, Å. Lernmark1; 
1Diabetes and Celiac Disease, Clinical Sciences, Malmoe, 2Department of 
Medical Microbiology, Center for Oncology / Tumor registry, Malmoe, 
3Unit Pediatrics, Clinical Sciences, Malmoe, 4Department of Laboratory 
Medicine, Medical Microbiology, Malmoe, Sweden.

Background and aims: To investigate seroconversion occurrence of type 1 
diabetes associated autoantibodies in non-diabetic pregnancies concurrently 
explore if pregnancy alters the circulating levels of these autoantibodies.
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Materials and methods: Obtained blood samples from all mothers in the Skåne 
region during the first trimester of pregnancy and at the time of delivery between 
September 2000 and August 2004 have been analyzed for type 1 diabetes associ-
ated autoantibodies GADA, IA-2A and IAA. Altogether we compared 244 non-
diabetic mothers positive for at least one of the three autoantibodies with 1419 
control mothers matched by age and first trimester sampling date ± seven days.
Results: The level differences in GADA was significantly lower (p<0.0001) 
from the first trimester to delivery. Although the number of mothers was fewer 
the IA-2A levels showed a similar development in level differences as GADA. 
The level difference in IA-2A was significantly lower (p<0.0001) from the first 
trimester to delivery. The level difference IAA was significantly lower (p<0.005) 
from the first trimester to delivery. The decreasing levels of IAA were not as 
pronounced as the decrease in GADA and IA-2A levels. Furthermore the in-
creasing levels off IAA were more numerous and greater in difference between 
the first trimester and delivery compared to the other two autoantibodies.
Conclusion: This present study supports the notion of decreasing levels of 
all three detected autoantibodies in samples taken at the time of the delivery 
compared to the samples taken at the end of the first trimester.
Supported by: an EFSD Clinical Research grant

264
Insulin antibodies and selected markers of insulin resistance during the 
initial 2 years of type 1 diabetes in children
B. Mianowska, A. Szadkowska, I. Pietrzak, E. Czerniawska, A. Zmysłowska, 
O. Wegner, K. Wyka, A. Heinrich, W. Fendler, J. Bodalski, W. Młynarski; 
Department of Pediatrics, Oncology, Hematology and Diabetology, Medical 
University, Lodz, Poland.

Background and aims: The aim of the study was to estimate the relation be-
tween insulin antibodies (IA) and selected markers of insulin resistance in 
children with type 1 diabetes mellitus (T1DM).
Materials and methods: IA were measured as total anti-insulin antibodies 
(expressed in %) by a radioimmunometric assay in 71 patients (age at T1DM 
onset 6.8-17.6 years; 44 males) at 3 time-points: T1DM onset (baseline), after 
6 months (6.mth) and after 24 months (24.mth). Following parameters were 
included into statistical analysis as markers of insulin resistance: M-index (i.e. 
glucose disposal rate determined by euglycemic hyperinsulinaemic clamp 
technique by de Fronzo; mg/kg/min; the lower M-index - the higher insulin 
resistance), daily insulin dose (U/kg/day), Z-score of BMI (body mass index). 
Other parameters included into multivariate analysis were: age at T1DM on-
set, glucagon-stimulated C peptide after 6 minutes and HbA1c. Associations 
with a final value of p<0.05 were considered statistically significant.
Results: Baseline: Initial values of IA correlated only with age at T1DM on-
set (R=-0.23; p=0.049). 6.mth: The following parameters correlated with IA 
level: M index (R=0.29; p=0.02), insulin dose (R=0.24; p=0.02), Z-score of 
BMI (R=-0.23; p=0.06) and age at T1DM onset (R=-0.26; p=0.03). In mul-
tivariate analysis only M-index and insulin dose remained significant. R2 
for whole model equaled 0.19 (p <0.001). 24.mths: Age at T1DM onset (R=-
0.29; p=0.01) was correlated with IA titer. Z-score of BMI (R=-0.19; p=0.14) 
showed borderline significance. In multivariate analysis age at T1DM onset 
was confirmed to influence IA titer, Z-score of BMI showed borderline sig-
nificance (p=0.09). R2 for whole model equaled 0.07 (p<0.001).
Conclusion: 1) IA do not increase insulin resistance assessed as M-index, 
2) Positive correlation between IA and M-index after the 6.mth may indi-
cate that IA can promote glucose disposal rate at same time-points of T1DM 
course 3) Negative correlations between IA and Z-score of BMI after the 
6.mth and after the 24.mth of T1DM require further clarification.
Supported by: the Polish Ministry of Science and Higher Education
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Autoantibodies to REG family proteins in Japanese diabetes patients
N.J. Shervani1, N. Noguchi1, T. Ikeda1, I. Takahashi1, T. Yoshikawa1,  
A. Yamauchi2, A. Uruno1, K. Nata3, S. Takasawa2, H. Okamoto1, A. 
Sugawara1; 
1Department of Advanced Biological Sciences for Regeneration, Tohoku 
University Graduate School of Medicine, Sendai, 2Department of 
Biochemistry, Nara Medical University, Kashihara, 3Department of Medical 
Biochemistry, Iwate Medical University School of Pharmacy, Yahaba, Japan.

Background and aims: Reg, an autocrine/paracrine growth factor for β-cell 
regeneration was first isolated from regenerating islet cDNA. Recombinant 

REG ameliorated diabetes in 90% depancreatised rats and non-obese diabe-
tes mice. The human REG family consists of five genes (viz; REG Iα, REG 
Iβ, REG III, HIP/PAP and REG IV), which share a common gene structure 
with 6 exons and 5 introns encoding homologous 158-175 amino acids secre-
tory proteins. REG proteins are expressed at the event of tissue injury and 
regeneration. We have previously identified autoimmunity against REG Iα 
in Japanese Type 1 and Type 2 diabetes patients. Autoantibodies to REG Iα 
showed a correlation with the duration of diabetes and ages of patients at the 
onset of the disease. Owing to sequence homology and similarity in protein 
expression between various REG family members, it is of great interest to 
study the occurance of autoimmunity against other REG family members and 
understand its association with autoimmune diseases, if any. In the present 
study we have analysed the presence of autoimmunity to REG Iβ, REG III, 
HIP/PAP and REG IV in diabetes patients.
Materials and methods: Over 300 subjects with diabetes and 75 healthy 
controls were selected from Tohoku University Hospital (Sendai, Japan). All 
controls and patients were informed of the purpose of the study and their 
consent was obtained. The cDNA of each REG gene was cloned into pTriEX-4 
multiple expression system vector (Novagen®) and proteins were expressed in 
E. coli, with conjugated S-tag sequence at N-Terminal to fascilitate one-step 
affinity purification on S-Protein agarose (Novagen®). Autoantibodies against 
REG proteins were detected by Western Analysis. Each purified REG protein 
was electrophoresed on SDS-polyacrylamide gel, and electrotransfered on 
PVDF membrane. After blocking with milk solution the membranes were 
incubated with patient sera as primary antibody, at appropriate fold dilutions. 
HRP conjugated goat Anti-human monoclonal IgG (American Qualex) were 
used as secondary antibody, and signal was detected by ECL Plus Western 
Blotting System (GE Healthcare). Signal intensity from each patient serum 
was measured by densitometric analyses, using ImageJ software. Statistical 
significance of the occurance of anti-REG autoimmunity in patients’ sera 
and its correlation with the general characteristics of diabetes patients was 
analysed by Chi-squared test, Student’s t-test, simple regression analyses and 
ANOVA analyses.
Results: Significant autoimmunity was found against REG Iβ in 10% of Type1, 
32% of Type 2, and 2.7 % non-diabetes controls (P = 0.001), and against REG 
III in 15% of Type1, 20% of Type 2, and 1.4 % non-diabetes controls (P = 
0.0001). There was significant difference between anti-REG Iβ positive (39.8 
± 1.6) and negative (33.5 ± 1.0) groups in age at onset of diabetes (P = 0.0024). 
Autoantibodies against HIP/PAP and REG IV antigens were not detected in 
diabetes patient sera.
Conclusion: These results suggest that diabetes patients may carry autoanti-
bodies against REG Iβ and REG III. Thus, autoimmunity against REG family 
proteins may be associated with diabetes, and different REG family members 
may serve as separate biomarkers.
Supported by: JSPS Programme
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Composite multi-antigen probes enhance detection of type 1 diabetes 
autoantibodies
J.M. Wenzlau, T.J. Gardner, L. Yu, G.S. Eisenbarth, H.W. Davidson,  
J.C. Hutton; 
Barbara Davis Center for Childhood Diabetes, Aurora, United States.

Background and aims: A major goal in Type 1 Diabetes (T1D) is to conduct 
population based screening of genetically-at-risk individuals prior to clini-
cal disease onset. Autoantibody assays provide highly sensitive and specific 
measures of auto-immunity and assays of insulin, GAD65, IA-2, and ZnT8 
autoantibodies detect greater than 90% of newly diabetic subjects. However, 
the current methodology requires multiple single target assays. We reasoned 
that combining multiple epitopes into a single “poly-antigen” probe would 
improve efficiency and may simultaneously enhance specificity and/or sensi-
tivity, especially for low affinity antibodies.
Materials and methods: We constructed probes of T1D autoantigen homo- 
and hetero- multimers. Compound ZnT8 and IA-2/phogrinÂ¸ fusion pro-
teins were combined into a single chain analyte using polypeptide linkers of 
different lengths and amino acid composition. We further optimized probe 
parameters by “trimming” epitope components, re-ordering individual do-
mains, and comparing synthetic dimers with monomers joined by coiled/
coils. Constructs were tested in radioimmunoprecipitation assays against a 
panel of sera derived from new onset T1D patients and HLA and age matched 
controls.
Results: Analysis with monomer compared to homo-dimer probes showed 
enhanced reactivity to the dimeric fusion proteins, most significantly in sera 



Diabetologia (2009) 52:[Suppl1]S1–S550 S 115

1 C

having marginal reactivity. Hetero-dimeric probes containing both polymor-
phic variants (325R and W) of ZnT8 C-terminal domain showed enhanced 
sensitivity as compared to monomers (78% vs 53% (325R) / 48% (325W)) to 
a panel of new onset sera without compromising specificity (>99%). Probes 
containing homo-dimers of the N-terminal domain also displayed increased 
sensitivity relative to monomer N-terminal constructs. Binding to N-termi-
nal dimers increased autoimmunity detection from 5.0% with a monomer 
probe to 16.8% with dimeric constructs, however specificity declined to 95%. 
Expanding the linker between monomers improved assay sensitivity, but 
their order appeared benign. Homo-dimeric constructs of IA-2 and phogrin 
also had improved sensitivity. Heterodimeric IA-2/phogrin fusion proteins 
detected both antigenic specificities from a single probe without loss of spe-
cificity, and provided higher sensitivity. In contrast, heterodimers comprising 
IA-2 and ZnT8 were able to detect mono-specific sera to each antigen, but did 
not show enhanced sensitivity over the individual monomers. Comparison 
of inter- and intra-assay variation indicated that both the homo- and hetero-
dimeric probes showed greater consistency (CV <20%) providing a “tighter” 
cut-off than their monomer counterparts. Consequently, sera on the cusp of 
scoring positive readily exceeded the cut-off with the dimeric probes.
Conclusion: Our data show a significant advantage of employing epitope 
multimers. Combining two ZnT8 C-term variants, two N-term domains, or 
the two IA-2 family orthologues improves assay sensitivity. The lower CV 
achieved with dimeric probes could not entirely account for the improved 
sensitivity of these assays suggesting that additional factors such as increased 
avidity due to duplication of monomer epitopes, or detection of dimer-specif-
ic epitopes play a role. We conclude that our strategies improve the sensitivity 
of current RIAs without conceding specificity.
Supported by: the BDC JDRF Autoimmunity Prevention Center
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Involvement of the Ig heavy chain locus in autoantibody reactivity in 
Portuguese type 1 diabetes patients
M.I.H. Rolim1, J.M. Boavida2, R. Duarte2, R. Pina2, C. Valadas2, S. Pratas2,  
R. Carvalho2, J. Costa1, D. Ligeiro3, M.R. Sancho3, M.M. Catarino4,  
C. Penha-Gonçalves1; 
1Disease Genetics, Instituto Gulbenkian de Ciência, Oeiras, 
2Associação Protectora dos Diabéticos de Portugal, Lisboa, 3Centro 
de Histocompatibilidade do Sul, Lisboa, 4Faculdade de Farmácia da 
Universidade de Lisboa, Portugal.

Background and aims: Autoantibodies are linked to Type 1 Diabetes (T1D), 
but their role in disease pathogenesis has long been disputed. Autoantibod-
ies are mostly seen as a by-product of the autoimmune attack that targets 
the pancreatic Beta cell. Nevertheless, autoantibodies are frequently detected 
before disease onset and non-pancreatic Beta cells are frequently observed 
in the in Type 1 Diabetes patients. These observations suggest that autoan-
tibodies may be related take part in early phases of the disease process. The 
aim of this study was to analyze the contribution of specific single nucleotide 
polymorphisms (SNPs) in Immunoglobulin Heavy Chain loci (IgHG, IgHD, 
IgHM and IgHV) to autoantibody reactivity and to disease susceptibility.
Materials and methods: A group of 102 diabetics and their relatives, col-
lected at the Associação Protectora dos Diabéticos de Portugal, were geno-
typed for 15 genetic markers in IgH loci, specifically 4 SNPs in IgHG locus, 4 
SNPs in IgHD locus, 5 in IgHM locus and 2 in IgHV locus. Genetic associa-
tion with T1D and with the pattern of autoantibodies was evaluated through 
Transmission Disequilibrium Tests (TDT) and case-control analysis.
Results: TDT analysis suggested that SPNs in the heavy chain locus, mapping 
on the IgHG and IgHM regions were associated to T1D in a cohort of por-
tuguese patients (P-value=0,0455 and P-value=0,006, respectively). The T1D 
patients were studied for the presence of autoantibodies (including anti-ICA; 
IA2; GADA and gliadin) and by comparing patients showing one autoanti-
body versus patients showing multiple-autoantibodies we also found out that 
SNPs on the IgH locus, over the region of IgD, IgM and IgHV were controlling 
antibody multireactivity in T1D patients (P-value=0,0021, P-value=0,0020, 
P-value=0,0032, respectively). Furthermore, TDT analysis revealed that the 
IgH locus was associated to disease in T1D patients showing autoantibody 
mono-reactivity but not multi-reactivity (P-value(IgHM)=0,0047 and P-
value(IgHV)=0,014).
Conclusion: These results suggest that the IgH locus may influence disease 
genetic susceptibility through influencing autoantibody reactivity, raising the 
possibility that inherited ability to generate auto-antibodies is a component 
of T1D pathogenesis.
Supported by: FCT 
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Phenotype versus immunotype and endogenous insulin production in 
diabetes in adults - does the clinical assessment still have a meaning in 
classifying patients?
S.M. Zawada-Targoni, J. Taton, A. Czech; 
Chair and Department of Internal Medicine and Diabetology, Medical 
University of Warsaw, Poland.

Background and aims: The category of diabetes in adults, clinically diag-
nosed as type 2, includes a number of subtypes and groups of patients. The 
various presence, configuration and concentration of autoimmune diabe-
togenic process markers, insulin secretion, insulin resistance and Body Mass 
Index makes this group of patients very heterogeneous. Despite our present 
knowledge about the etiology of diabetes, clinical phenotypic assessment is 
frequently the first and sometimes the only one criterion of classification and 
treatment choice. The aim of this study was to analyze whether there is a cor-
relation between clinical phenotype, endogenous insulin production and im-
munotype in the polish population of adults with newly diagnosed diabetes 
and to establish simple algorithm of additional studies supplementing clinical 
evaluation when needed.
Materials and methods: The study included 142 patients, aged 20-79 yrs, 
with diabetes diagnosed on the basis of current WHO criteria as diabetes 
type 2. Patients underwent detailed physical examination, and biochemical 
studies: fasting glucose, insulin and glucagon test with peptide C assessment. 
The concentration of autoantibodies against pancreatic beta-cells (glutamic 
acid decarboxylase antibodies - GADA and protein tyrosine phosphatase-like 
protein antibodies -IA-2) was measured. Insulin resistance was established on 
the basis of HOMA.
Results: The studied group of patients classified as diabetes type 2 (according 
to WHO criteria) was very heterogeneous in age, BMI (normal in 52,8%; over-
weight - 26,5%; obesity 20,7%), insulin resistance (confirmed in 42,9%) and 
endogenous insulin production (fasting insulin 1,1 to 21 mU/l), established 
on the basis of glucagon test (fasting peptide C:0,1-4,39 ng/ml, after glucagon 
stimulation:0,1-10,3 ng/ml). GADA were found in 38,7% and IA-2 in 24,7% 
of patients. GADA were twice as common as IA-2 in patients <40yo and at the 
age of 47 yrs the frequency of IA-2 was higher than GADA (p=0,003). IA-2 
were more common in overweight patients (67vs33%, p=0,004). There was 
no correlation between the presence of antibodies and insulin resistance, in 
33% of patients both abnormalities were present.
Conclusion: Diabetes in adults is very heterogeneous disease, in which the 
clinical assessment is not enough for appropriate classification. Presence 
of phenotypic symptoms of diabetes type 2 and insulin resistance does not 
exclude autoimmunity. Also reversely lean body mass does not exclude the 
presence of insulin resistance. Therefore we suggest the algorithm for ap-
propriate classification and choice of treatment besides clinical examination 
should include assessment of: 1) beta cell function (glucagon test);2) insu-
lin resistance (HOMA);3)autoimmunity a)GADA <40 yrs ;b)IA-2 >50 yrs; 
c) IA-2 in BMI>25 kg/m2. This would permit the optimal choice of proper 
treatment plans.
Supported by: Warsaw Medical University Grant
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Analysis of CD25+ and CD45RA+ regulatory subsets of CD4+ T 
lymphocytes: comparison between nondiabetic first degree relatives and 
recent onset type 1 diabetes 
T. Milicic1, N. Lalic2, A. Jotic2, I. Markovic3, M. Zamaklar2, K. Lalic2,  
L. Lukic2, N. Rajkovic2, M. Macesic2, J. Seferovic2; 
1Clinical Center of Serbia, Institute for Endocrinology, 2Institute for 
Endocrinology, 3Institute for Biochemistry, Belgrade, Serbia.

Background and aims: Previous studies have reported an important role of 
the changes in CD4+ T cell subsets in the initial phase of Type 1 diabetes 
(T1D). However, the changes in CD4+CD25+ and CD4+CD45RA+ T sup-
pressor subsets of the regulatory T cells in nondiabetic first degree relatives 
(FDR) of patients with T1D, have not yet been clarified. Therefore, the aim of 
this study was to analyze the percentage of the regulatory CD4+CD25+ and 
CD4+CD45RA+ T cell subsets in 50 nondiabetic FDR (group A), 30 recent-
onset T1D patients in insulin-requiring state (IRS) at the onset (group B) and 
19 T1D patients in the state of clinical remission (CR) (group C), as well as in 
25 healthy, age-matched control subjects (group D).
Materials and methods: T1D was diagnosed in accordance to WHO criteria. 
The CR was defined as optimal metabolic control without insulin lasting >30 
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days. The percentage of CD4+CD25+ and CD4+ CD45RA+ T cell subsets 
was analysed by using two-color immunofluorescence staining and flowcy-
tometry.
Results: When the percentage of CD4+CD25+ T lymphocytes was ana-
lyzed, we found that in group A it was higher vs group B (A: 5.30±0.10 vs 
B: 2.24±0.25, p<0.05). Moreover, the percentage of CD4+CD25+ T cells in 
group A reached the values similar to those in group C, being slightly lower 
than in group D (A: 5.30±0.10 vs C: 5.17±0.14; D:6.20±0.84%, p=NS). Si-
multaneously, the percentage of CD4+CD45RA+T cells was found to be 
higher in group A vs group B (A: 25.56±2.08 vs 20.3±1.6, p<0.05). In addi-
tion, the percentage of CD4+CD45RA+T cells in group A became similar to 
those in C and not significantly lower compared to group D (A: 25.56±2.08 vs 
C:24.8±1.2; D:27.0±2.0, p=NS).
Conclusion: Our results have demonstrated that nondiabetic FDR of patients 
with T1D, showed higher levels of the suppressor CD4+CD25+ and CD4+ 
CD45RA+ subsets of T regulatory lymphocytes compared to the patients at 
onset of T1D, but similar to those in CR. The results imply that the onset and 
clinical course of T1D might be modulated on the level of those T regulatory 
cell subsets. 
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High risk vs low risk nondiabetic first degree relatives of type 1 diabetics: 
differences in CD4+CD25+ and CD4+CD161+ T regulatory subsets but 
not in insulin sensitivity levels 
A. Jotic1, N.M. Lalic1, T. Milicic1, I. Markovic2, M. Zamaklar1, K. Lalic1,  
L. Lukic1, N. Rajkovic1, M. Macesic1, J. Seferovic1; 
1Institute for Endocrinology Clinical Centre of Serbia, 2Institute for 
Biochemistry, Belgrade, Serbia.

Background and aims: It has been previously suggested that changes in 
CD4+ T lymphocyte subsets might be associated with the onset of Type 1 
diabetes (T1D). However, the relevance of immunological changes in CD25+ 
and CD161+ suppressor subsets of the CD4+ T regulatory cells, and meta-
bolic changes in insulin sensitivity levels, for the development of T1D have 
not yet been elucidated in nondiabetic first degree relatives (FDRs) of patients 
with T1D. Therefore, the aim of this study was to compare the changes in 
(a) CD25+ and CD161+ subsets of CD4+ T lymphocytes in peripheral blood 
and (b) insulin sensitivity levels among two groups of nondiabetic FDRs ex-
hibiting difference in risk for developing T1D in accordance to presence or 
absence of glutamic acid decarboxylase antibody (GADA) positivity and the 
preservation of the capacity of first-phase insulin response (FPIR, insulin 
levels 1+3 min after IVGTT) and the group of healthy controls. Thus, in the 
study we included 15 high-risk nondiabetic FDRs (GADA+, FPIR < 45mU/l)  
(group A) and 35 low-risk nondiabetic FDRs (GADA-, FPIR > 45mU/l) 
(group B) and 17 healthy unrelated control subjects (GADA-, FPIR > 45mU/l)  
(group C).
Materials and methods: T1D and glucose intolerance were excluded in the 
study by using WHO criteria. GADA levels were determined by ELISA. The 
percentages of CD4+CD25+ and CD4+CD161+ T cell subsets were analyzed 
in peripheral blood by using two-color immunofluorescence staining and 
flowcytometry. Insulin sensitivity was tested by using euglycemic hyperin-
sulinemic clamp method. This test was implemented by infusing insulin at 
the rate of 1 mU/kgbw/min during 120 min and glucose infusion was adjust-
ed manually, at 5 minute intervals, to maintain target glycemia at 90 mg/dl. 
Total glucose uptake was calculated on the basis of the amount of glucose 
infused during steady state period (80-120 minutes).
Results: When the percentage of CD4+CD25+ T lymphocytes was analyzed 
it was found to be lower in group A vs groups B and C (A: 3.58 ±0.82 vs 
B: 5.80±0.55; C:6.10±0.75%, p<0.05). Simultaneously, the percentage of 
CD4+CD161+ T cells was found to be lower in group A vs groups B and C 
(A: 4.68±0.43 vs B 6.18±1.01; C: 6.30±0.91%, p<0.05). However, when insu-
lin sensitivity was tested, total glucose uptake did not differ significantly in 
group A compared to groups B and and C (A: 5.87±0.11 vs B: 6.58±0.27; C: 
6.78±0.28 mg/min/kg, p=NS).
Conclusion: Our results have demonstrated that high risk vs low risk FDRs 
showed lower leves of both CD25+ and CD161+ subsets of CD4+ T regula-
tory lymphocytes, and did not differ in insulin sensitivity levels. The results 
also imply that the risk for developing T1D might be strongly influenced on 
the level of the activity of these subsets of T regulatory cells but not by the 
changes in insulin sensitivity.
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Vitamin D supplementation increases the frequency of regulatory T cells 
in apparently healthy humans
B. Prietl1, S. Pilz1, A. Tomaschitz1, B.M. Obermayer-Pietsch1,  
W.B. Graninger2, T.R. Pieber1,3; 
1Department of Internal Medicine, Medical University of Graz, 2Department 
of Clinical Immunology, Medical University of Graz, 3Joanneum Research 
Forschungsgesellschaft mbH, Graz, Austria.

Background and aims: Several epidemiological studies support potential 
beneficial effects of vitamin D supplementation during infancy and child-
hood on the incidence of type 1 diabetes later in life. Vitamin D is thought 
to have an important regulatory role in modulating the immune response 
by increasing the frequency or function of regulatory T cells (Tregs). Tregs 
are critical for maintaining immunologic homeostasis and downregulation 
of undesired immune responses to self-antigens. Thus, Tregs might have the 
potential to prevent autoimmune-mediated destruction of insulin-produc-
ing beta-cells in the pancreas. In the present study, we aimed to elucidate, 
whether Treg frequency could be enhanced by vitamin D supplementation in 
apparently healthy individuals.
Materials and methods: We determined the percentage of Tregs (%Tregs) 
within 20000 CD4+ T cells isolated from peripheral blood of 20 healthy do-
nors before and 4 weeks after vitamin D supplementation (140000 IU as a 
single dosis). Fluorescence-activated cell sorting (FACS) was used to meas-
ure cell surface expression of CD4, CD25 and CD127 as well as intracellular 
expression of the transcription factor FoxP3. Serum 25-hydroxyvitamin D 
levels were measured by means of radioimmunoassay.
Results: Our study cohort consisted of 20 study participants [13 females, 
7 males; median age (with interquartile range): 31.4 (28.1-34.5) years]. 
25(OH)D levels increased from a median level of 23.7 (17.9-25.1) ng/ml se-
rum at baseline to 46.5 (39.9-51.2) ng/ml serum four weeks after vitamin D 
supplementation. Accordingly, the median percentage of Tregs increased sig-
nificantly from a median baseline level of 5.1 (3.6-6.1) % to a level of 6.4 (5.0-
7.6) % (p ≤ 0.001 for Wilcoxon rank sum test). Levels of C-reactive protein 
were within the normal range before and after vitamin D supplementation 
and did not significantly vary between the two study visits. 
Conclusion: We showed that vitamin D supplementation significantly in-
creased the frequency of Tregs in peripheral blood of apparently healthy hu-
mans over a short time period. This immune-modulatory effect of vitamin D 
might support the previously observed associations of vitamin D deficiency 
and autoimmune diseases such as type 1 diabetes mellitus. Hence, our finding 
provides a rationale for further studies to investigate the effects of vitamin D 
on beta cell survival in type 1 diabetes.
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Smoking predicts short partial remission of type 1 diabetes
S. Pilacinski, D. Zozulinska-Ziolkiewicz, A. Gawrecki, B. Wierusz-
Wysocka; 
Department of Internal Medicine and Diabetology, Poznan University of 
Medical Sciences, Poland.

Background and aims: Factors predicting the duration of partial remis-
sion of type 1 diabetes are known to be associated with the degree of initial 
metabolic disturbances and also with features of insulin resistance. Cigarette 
smoking is associated with decreased insulin sensitivity but its influence on 
the length of remission is unknown. Therefore, the aim of this study was to 
assess the relationship between cigarette smoking and duration of partial re-
mission of type 1 diabetes.
Materials and methods: We followed prospectively 149 patients (48 women 
and 101 men, aged 16-35, mean age 25 ± 5), admitted to the Department with 
newly diagnosed type 1 diabetes and then attending the outpatient clinic. 
Thirty patients presented with diabetic ketoacidosis (DKA), mean glycaemia 
at diagnosis was 23.2 ± 8.4 mmol/l, HbA1c 10.9 ± 2.5 % and BMI 21.9 ± 3.0 
kg/m2. In all patients intensive functional insulin therapy in multiple injec-
tions was introduced. Partial remission was defined as an insulin dose ≥0.3 
U/kg/24h and an HbA1c value <7% with baseline serum C-peptide concen-
tration over 0.5 μg/l. Duration of remission was calculated from the onset of 
the disease. Statistical analysis was performed using Statistica 7.0 software. 
Mann-Whitney U test, Fisher’s exact test and Cox proportional-hazards 
method were used.
Results: Sixty-eight patients remained in partial remission after one year of 
observation, in 39 patients partial remission ended before 12 months of dis-
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ease and 42 patients did not enter remission. Group with remission exceed-
ing one year did not differ from the remaining patients (with no or short 
remission) in age, initial: BMI, glycaemia, serum TC, LDL-C and HDL-C, 
serum C-reactive protein (hsCRP) concentration and presence of diabetes-
related autoantibodies (ICA, GADA, anti-IA2). In the group with remission 
exceeding one year significantly lower prevalence of cigarette smoking (28% 
vs. 51%, p=0.007), higher male predominance (79% vs. 58%, p=0.008), lower 
incidence of DKA at onset (11% vs. 29%, p=0.005), lower initial HbA1c (10.3 
± 2.1% vs. 11.3 ± 2.4%, p=0.022) and lower serum triglyceride concentration 
(1.68 ± 2.20 vs. 1.70 ± 1.30 mmol/l, p=0.028) were noted. In the Cox propor-
tional-hazards model, cigarette smoking was associated with shorter duration 
of remission, independently from gender and presence of DKA at diagnosis.
Conclusion: Cigarette smoking may be associated with shorter duration of 
partial remission of type 1 diabetes.
Supported by: Polish Ministry of Science and Higher Education
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Age-period-cohort analysis of temporal trend of diabetes incidence in 
age group 0-14 years in Italy: the RIDI study group
G. Novelli1, M. Maule2, F. Carle3, V. Cherubini3, S. Piffer4, R. Lorini5,  
M.T. Tenconi6, L. Iughetti7, S. Toni8, A. Iannelli3, A. Falorni9, P. Pozzilli10,  
F. Prisco11, M. Songini12, G. Bruno1; 
1Internal Medicine, University of Turin, 2Cancer Epidemiology Unit, 
CeRMS and CPO Piemonte, University of Turin, 3Polytechnic University 
of Marche, 4Dep of Epidemiology, Trento, 5Dep of Pediatrics, Firenze, 
6University of Pavia, 7University of Modena, 8University of Firenze, 9Internal 
Medicine, University of Perugia, 10Dep of Endocrinology, University of 
Roma, 11University of Napoli, 12Osp. S. Michele, Cagliari, Italy.

Background and aims: Epidemiological studies on type 1 diabetes have 
shown geographical and temporal variations in incidence of the disease, sug-
gesting the effect of environmental determinants on the pathogenesis of the 
disease, which are still unknown. Few data are available in tha Mediterranean 
area. RIDI was set up in 1997 aiming to co-ordinate pre-existing registries 
for the incidence of T1DM in Italy and to promote the establishment of new 
registries in uncovered areas.
Materials and methods: Our data are regularly updated from 12 local reg-
istries: 7 regional registries and 5 province registries, covering a population 
at risk of 15 million of inhabitants (35% of the whole Italian population). 
All registries report newly diagnosed insulin-treated children, defined as the 
date when the first insulin injection was give and each registry employed at 
least 2 independent data sources for case ascertainment. This report is based 
on 5289 incident cases registered in period 1990-2003. Poisson regression 
models have been used to estimate the effects of sex, age (five three-years age 
groups: 0-2, 3-5, 6-8, 9-11, 12-14), calendar time (four three-year periods: 
1990-92, 1993-95, 1996-98, 1999-2001, and one two-year period: 2002-03) 
and birth cohorts (nine six-year birth cohorts: 1978, 1981,…1999, 2001 mid-
years).
Results: In the period 1990-2003, 5289 incident cases of type 1 diabetes 
have been identified among children aged 0-14 years. The incidence rate was 
12.52 per 100,000 person-year, significantly higher in boys (13.34; 95% CI: 
12.86-13.83) than in girls (11.66; 95% CI: 11.20-12.14). Large geographi-
cal variations in risk within Italy were evident, with the highest risk in Sar-
dinia, an intermediate risk in Central-Southern Italy, and the highest risk in 
Northern Italy, particularly in the Trento Province, where an incidence rate 
of 30.48/100,000 was registered. A steep increasing risk from age 0-2 years 
was evident, with a doubling incidence rates in the age group 3-5 years, a 
quite similar risk in age 6-8, a slight further increase in age group 9-11 years. 
An increasing temporal trend was evident both examining all Italian data 
and separately the three Italian macroareas. Controlling for age and sex, the 
annual increase was 3.50% (2.80-4.19). With respect to the calendar period 
1990-1992, the incidence rates were higher in the following four time peri-
ods. With respect to the birth cohort 1987-1993, the incidence rates increased 
approximately linearly from the cohort 1975-81 to for the cohort 1999-2003, 
RR=1.52 (1.18-1.96). The best model was the one with sex, age and a linear 
time trend (drift).
Conclusion: Increasing temporal trend is evident in Italy. Age period-cohort 
analysis, however, shows that the variation over time has a linear component 
that cannot be ascribed to either the calendar period or the cohort.
Supported by: Piedmont Region
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The dynamics of incidence of type 1 diabetes in Polish children, 1983-
2020: where are we?
P. Jarosz-Chobot1, J. Polanska2, A. Szadkowska3, A. Kretowski4,  
E. Bandurska-Stankiewicz5, M. Ciechanowska6, G. Deja1, M. Mysliwiec7,  
J. Peczynska4, J. Rutkowska5, A. Sobel-Maruniak8, P. Fichna9, A. Chobot10, 
M. Rewers11; 
1Silesian University of Medicine, Katowice, Poland, 2System Engineering 
Group, The Silesian University of Technology, Gliwice, Poland, 3Medical 
University of Lodz, Poland, 4Medical University of Bialystok, Poland, 
5University of Warmia and Mazury, Olsztyn, Poland, 6Collegium Medicum, 
Jagiellonian University, Cracow, Poland, 7Medical University of Gdansk, 
Poland, 8Provincial Hospital No 2, Rzeszow, Poland, 9Poznan University 
of Medical Sciences, Poland, 10Association for Children with Diabetes, 
Katowice, Poland, 11Barbara Davis Center, University of Colorado, Denver, 
United States.

Background and aims: The incidence of childhood type 1diabetes (T1DM) 
has been increasing world-wide. The aim of this study was to evaluate the 
time trends in the incidence of childhood T1DM in Poland and to develop a 
predictive model for the near future.
Materials and methods: Regional registers that covered 35% of the Polish 
population ascertained prospectively using the EURODIAB criteria incident 
cases of T1DM under the age 15 years, between 1989-2004. Generalized ad-
ditive modeling (GAM) was used to predict the annual number of new cases 
in the overall Polish population between 1989 and 2020.
Results: The primary study population included 4268 incident T1DM cases 
(2230 boys and 2038 girls). In 1989-2004, the average age-sex-standardized 
incidence was 9.9 per 100 000 per year (95% CI 8.5-11.6). The incidence has 
increased more than 3-fold, from 5.2 to 17.2 per 100 000 per year, between 
1989 and 2004. The incidence has increased the most among children aged 5-
9 years, on average by nearly 1.0/100 000 per year (95% CI 0.8-1.1). There was 
a significant non-linear component to the time trend (p<0.000001). Figure 
shows the standardized number of T1DM cases in the overall Polish popula-
tion 0-14 years of age, during the observation period, as well as the best-
fitting time trend. Based on this model, assuming constant population size, 
32375 Polish children are expected to develop T1DM between 2005 and 2020. 
Datasets comparable to the primary register, preceding or following the study 
period, were analyzed to estimate the validity of this model. The observed 
number of new cases in the Silesia and Lodz register during 2005-2006 was 
similar to that predicted from the generalized time trend model: 371 vs. 390, 
error 5.1%. The prediction error of 1.2% for the Lodz register incidence in 
1983-1988 further validated the model.
Conclusion: During the recent 15-years, the incidence of childhood T1DM 
in Poland has increased 3-fold, with predicted additional at least 3-fold in-
crease between 2005-2020. While 12465 cases were diagnosed in 1989-2004, 
more than 32000 cases are expected in the following 15 years. 

The work was partially financed by KBN grant no 402279134 and EUBIROD 
grant no 2007115
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Age-specific trends of type 1 diabetes incidence in childhood differ 
between sexes in Germany
A. Stahl1, C. Bächle1, M. Grabert2, R.W. Holl2, G. Giani1, J. Rosenbauer1, in 
cooperation with the German Pediatric Surveillance Unit (ESPED) and the 
DPV-initiative, and the Competence Network Diabetes mellitus; 
1Institute for Biometrics and Epidemiology, German Diabetes Centre, 
Düsseldorf, 2Institute of Epidemiology, University of Ulm, Germany.

Background and aims: A large risk population and a sufficiently long ob-
servation period are important preconditions for valid estimation of type 1 
diabetes incidence in childhood and its temporal trend. Aim of the present 
study was to estimate incidence and time trend of type 1 diabetes in children 
0-14 years of age in the large risk population of the German federal state 
North Rhine-Westphalia (NRW) during 1996-2007.
Materials and methods: During the study period the average risk popula-
tion was 2.84 million children. The North Rhine-Westphalian diabetes inci-
dence register ascertains newly diagnosed cases of type 1 diabetes by means 
of three data sources: the prospective hospital-based active surveillance sys-
tem ESPED, annual inquiries among paediatric, internal, and general medical 
practices, and the computer-based documentation system DPV founded for 
quality control and scientific research in paediatric diabetes care. Complete-
ness of ascertainment was estimated by the capture-recapture-method using 
log-linear modelling. Point and interval estimates (95%-CI) of incidence rates 
(per 100,000 person-years) were based on Poisson distribution. Age-and sex-
standardized rates were estimated by the direct method using equal weights. 
Poisson regression analysis was applied to assess time trends.
Results: During 1996-2007 a total of 7,049 newly diagnosed diabetic children 
aged 0-14 years (3,678 boys, 3,371 girls) were registered. Ascertainment was 
estimated to be 98.2% (95%-CI: 98.0%-98.4%) complete. The overall age- and 
sex-standardized incidence rate was 20.4 (20.0-20.9). The age-standardized 
incidence among boys (20.8, 20.1-21.5) was slightly higher than among girls 
(20.1, 19.4-20.8, p=0.124), among 10-14 years old children the difference was 
significant (25.2, 23.9-26.5 vs. 22.1, 20.9-23.4, p<0.001). Incidence depended 
significantly on age (p<0.001). Age-specific estimates for age groups 0-4, 5-9, 
and 10-14 years were 14.8 (14.1-15.6), 22.9 (22.0-23.8), and 23.6 (22.8-24.5), 
respectively. Annual incidence rates ranged between 16.0 in 1997 and 24.4 in 
2007. The average annual incidence increase was estimated as 4.1% (3.4%-
4.8%). Overall, there were no significant differences in incidence trends 
among boys and girls (annual increase: 4.2% vs. 3.9%, p=0.715) or among age 
groups (0-4, 5-9 and 10-14 years: 4.7%, 4.3% and 3.5%, p=0.402). However, 
the annual incidence increase in 10-14 years old girls (1.9%) was significantly 
lower than among younger girls and boys of the same age (p<=0.01).
Conclusion: This study based on a large risk population and high case ascer-
tainment confirms that incidence of type 1 diabetes in childhood is steadily 
increasing in Germany. Interestingly, differential trends between sexes were 
observed among children 10-14 years old. Based on the actual incidence rate, 
there are annually about 2,800 children newly diagnosed with type 1 diabetes 
in Germany underlining the public health importance of childhood diabetes 
care. Further research is needed to identify causes of the continuous rise of 
diabetes incidence and differential trends between sexes.
Supported by: German Ministry of Health, Ministry of Innovation, Science, Re-
search and Technology of North Rhine-Westphalia
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No association between vitamin D levels and the risk for islet 
autoimmunity and type 1 diabetes: the Diabetes Autoimmunity Study in 
the Young (DAISY)
M. Simpson1, H. Brady1, G. Eisenbarth2, M. Rewers2, H. Erlich3,  
J.M. Norris4; 
1Colorado School of Public Health, Aurora, 2Barbara Davis Center for 
Chilhood Diabetes, Aurora, 3Human genetics, Roche Molecular Systems, 
Pleasanton, 4Epidemiology, Colorado School of Public Health, Aurora, 
United States.

Background and aims: Vitamin D has been implicated as having a protective 
effect on the risk for islet autoimmunity (IA) and type 1 diabetes (T1D) be-
cause of its functions as a modulator of the immune system. The aims of this 
study were to investigate the associations between plasma 25-hydoxyvitamin 
D (25[OH]D) levels and potential gene by 25[OH]D interactions respectively, 
and the risk for developing IA and subsequent T1D in children at increased 
risk for T1D.
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Materials and methods: Since 1993 the Diabetes Autoimmunity Study 
in Young (DAISY) in Denver, Colorado has been following children at in-
creased risk of T1D for the development of IA and T1D. Plasma 25[OH]D 
was measured in DAISY children using a case-cohort study design. In ad-
dition, 25[OH]D was measured every 3-6 months once children became IA 
positive. The BsmI variant of the vitamin D receptor (VDR), the -23 HphIA 
variant in the insulin gene (INS), R620W variant in the PTPN22 gene, and the 
JO27_1 variant in CTLA4 were genotyped in all children. Cox proportional 
hazards analyses with 25[OH]D as a time-varying covariate were conducted 
to examine predictors of the following outcomes of interest: 1) IA, as defined 
by positivity for insulin, glutamic acid decarboxylase, or insulinoma-associ-
ated antigen-2 autoantibodies on 2 consecutive visits (n= 70 IA cases) and 
2) T1D (n= 42 T1D cases in children with IA after a mean age of follow-up 
of 6.8 years). Mixed modeling was performed to examine the predictors of 
25[OH]D over time.
Results: An avergage of 5 visits were analyzed per child. Plasma 25[OH]D 
levels showed an expected seasonal pattern with a peak in summer. In ad-
dition, dietary intake of vitamin D, age of study participant, and body mass 
index were associated with 25[OH]D levels. (figure 1). Adjusting for HLA 
genotype, family history of T1D, and ethnicity, plasma vitamin D was not 
associated with the risk for IA (HR: 1.02, 95 CI: 0.98-1.05, p-value: 0.34), 
nor was it associated with progression to T1D in IA positive children (HR: 
0.90, 95 CI: 0.64-1.26, p-value: 0.54). There were no significant interactions 
between 25[OH]D and the polymorphisms listed above on the risk for IA or 
T1D.
Conclusion: 25[OH]D levels are not associated with IA or T1D in our popu-
lation of children at increased risk for T1D.

Figure 1: Plasma vitamin D levels vs onth of the year • represents mean 
25[OH]D levels for each month. The curve is the yearly predicted curve for 
vitamin D, adjusting for age at the time of the blood draw (p<0.001), stand-
ardized body mass index (p=0.04), dietary intake of vitamin D (p=0.06), and 
ethnicity (p=0.011). The horizontal line represents the cutoff for insufficiency 
(30 mg/ml).

Supported by: NIH grants R01-DK49654, R01-DK32493
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Seroconversion in the DPT-1 Study: evidence of triggering of 
autoimmune process at different ages
K. Vehik1, M.J. Haller2, P. Xu1, D.A. Schatz2, J. Krischer1, DPT-1 Study 
Group; 
1Pediatrics Epidemiology Center, University of South Florida, Tampa, 
2College of Medicine, University of Florida, Gainesville, United States.

Background and aims: The purpose of this study was to determine the tim-
ing of islet cell antibodies (ICA) autoimmune seroconversion in first- and 
second- degree relatives of patients with type 1 diabetes (T1D).
Materials and methods: Study subjects were identified through the Diabetes 
Prevention Trial - Type 1 (DPT-1) which screened 55,476 subjects 3-18 years 
of age for ICA for potential accrual to a study to delay or prevent T1D. 1964 
were ICA positive (> 10 JDF units) at the time of initial screening. 16,218 
subjects who were initially ICA negative were recalled for annual rescreening; 
and 412 seroconverted to ICA positive subsequently.
Results: The median ICA seroconversion age was 9.5 years. The age distribu-
tion of seroconversion closely mirrored that of those ICA positive at initial 
screening. There was no significant difference in risk of ICA seroconversion 
by age (p=0.75), although there appears to be two peaks at 10-11 years and 17-
18 years. Human leukocyte antigen (HLA) haplotypes were not significantly 
different between those children ICA positive at time of initial screening and 
those that seroconverted at a rescreening (p=0.15). Siblings of patients with 
T1D had a 24% greater risk of ICA seroconversion compared to other rela-
tives (HR: 1.24, 95%CI 1.0-1.5).
Conclusion: While the risk of ICA seroconversion varies little across the 
age spectrum studied, it does appear that young (< age 8) children have a 
lower risk of seroconversion as compared to those initially screened, but as 
age increases the risk increases and eventually surpasses that of those initially 
screened. Public health implications of this finding suggest more than one 
autoantibody screening should be conducted to capture those that serocon-
vert and that by age 8 years the yield reaches or exceeds the magnitude of the 
prevalence. 

The DPT-1 was supported by the NIH, NCRR, ADA and JDRF
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Association of type 1 diabetes at onset with enterovirus infections in 
probands, siblings and parents
A. Salvatoni1, G. Bianchi1, A. Baj2, G. Maccari2, A. Toniolo2; 
1University of Insubria, Department of Pediatrics, 2University of Insubria, 
Laboratory of Medical Microbiology, Varese, Italy.

Background and aims: Type 1 diabetes (T1D) is primarily a cell-mediated 
autoimmune disease with autoantibodies to several islet antigens. What trig-
gers the destruction of islet beta-cells is uncertain, but viruses are prominent 
among candidates. A number of studies have shown epidemiological links 
between the onset of childhood diabetes and enterovirus (EV) infections. 
At the time of T1D diagnosis, the occurrence of EV infections has been in-
vestigated in six families having one diabetic child. The aim was to evaluate 
whether, at presentation, EVs were present in diabetic probands and whether 
these agents could spread among family members.
Materials and methods: Twenty-three subjects (12 children and 11 parents) 
belonging to six families have been investigated. The age of diabetic children 
was 3 to 14 years (n=8). EV genomes and infectivity were searched for in 
serum samples and peripheral blood leukocytes (PBL). To this end, RT-PCR 
with a panel of primers directed to the conserved 5`UTR and 3D regions of 
different EVs was used together with cell culture methods aiming at detect-
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ing virus infectivity and the expression of viral proteins. Partial molecular 
identification of EV types was obtained by direct sequencing. Using the above 
methods, EV genomes and infectivity were not detected in the blood of 20 
healthy controls.
Results: HLA typing showed that all members of the six investigated families 
carried the high-risk alleles DR3 and/or DR4. At diagnosis, EV genomes and 
infectivity were detected in 16/23 investigated subjects (12/12 children and 
4/11 parents). Two siblings who were infected but not diabetic at the time of 
diagnosis, developed diabetes during follow-up (latency of 3 and 9 months 
from the index case). Six out of 8 diabetic children carried the DR3/DR4 phe-
notype (75%). Different EVs belonging to the A and B species were detected. 
However, each family was infected by only one EV type. According to the 
traditional nomenclature, only members of the coxsackie A group and echo-
viruses were represented. At diagnosis, the median HbA1c level was 10.9%. 
Glucagon-stimulated C-peptide was undetectable in 4/8 children. One year 
after diagnosis, all patients were under insulin treatment. The insulin require-
ment was <0.4 IU/kg/day in 2/8 patients. In the remaining 6 children, the 
median insulin requirement was 1.0 IU/kg/day.
Conclusion: At the time of diagnosis, a high prevalence of EV sequences and 
viral infectivity has been detected not only in diabetic children, but also in 
family members. Different EV types appeared to be involved. Development 
of multiple cases within the same family is an uncommon event. However, 
among the six families that have been investigated, two additional diabetes 
cases developed in previously normoglycemic EV-infected siblings. Thus, in 
genetically susceptible individuals, EV infections may represent a triggering 
factor of T1D.
Supported by: Fondazione Cariplo, Sezione di Varese - Varese, Italy
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Similar frequencies of HLA risk genotypes in type 1 diabetes over the 
past six decades in a southern European Caucasian population
P. Pozzilli1, M. Spoletini2, S. Zampetti2, M. Capizzi2, S. Kyanvash1,  
C. Venditti2, R. Buzzetti3, IMDIAB Group1; 
1Endocrinology, Campus Bio-Medico, 2Clinical Sciences Department, 
Sapienza, University of Rome, 3Clinical Scineces, “Sapienza” Univerisity, 
Rome, Italy.

Background and aims: The major genes responsible for at least 50% of the 
type 1 diabetes (T1D) genetic component are human leukocyte antigens (HLA) 
linked. The incidence of childhood onset T1D increased progressively over the 
past half century. Recent data showed that high risk HLA genotypes are becom-
ing less frequent over time in youths with T1D of non Hispanic white and His-
panic origin. In the present study we evaluated the frequency of high, moderate 
and low risk HLA genotypes in a southern European Caucasian population of 
T1D that showed an increase in incidence in the past decades.
Materials and methods: We analysed 723 randomly T1D patients born from 
1950 to 2008 and diagnosed at the mean age of 14.9 ±7.8 years (age range 
5-36). Typing for HLA-DRB1 and DQB1 loci was performed by a reverse 
line blot assay. HLA genotypes were classified in three risk categories, based 
on the absolute risk values previously estimated in our population: high 
risk for DRB1*03-DQB1*0201/DRB1*04-DQB1*0302 genotype (DRB1*04 
not 0403,06,11);moderate risk for DRB1*04-DQB1*0302/DRB1*04-
DQB1*0302,DRB1*03-DQB1*0201/DRB1*03-DQB1*0201, DRB1*04-DQB1* 
0302/X (X not DRB1*02, 03, DRB1*04-DQB1*0302 (DRB1*04 not 0403, 
06, 11) or DQB1*0602) genotypes and DRB1*03/X (X not DRB1*02, 03, 
DRB1*04-DQB1*0302 (DRB1*04 not 0403, 06, 11) or DQB1*0602); low risk 
for the remaining genotypes. Subjects were subdivided by years of birth in 
two cohorts: 1950-1989 and 1990-2008. The HLA genotypes frequencies be-
tween cohorts were analyzed using the chi2 test.
Results: We observed that the proportion of the three HLA risk categories 
(22.3% high, 61% moderate and 18.4% low, vs. 20.4% high, 59.3% moderate 
and 18.6% low, respectively) was similar between the two cohorts.
Conclusion: We demonstrated that the distribution of T1D HLA risk catego-
ries did not change over the past six decades in this Caucasian population in 
contrast with what reported elsewhere in Caucasians from Australia and in 
non Hispanic white and Hispanic patients. This indicates that in our popula-
tion, despite the increase in incidence of the disease, the distribution of HLA 
genotype categories among T1D patients remains the same.

280
The Novosibirsk city type 1 diabetes registry among children: trends for 
1980-2008 study periods
O.V. Sazonova1,2, E.V. Shubnikov3, G.I. Simonova3, V.A. Galenok†1,  
E.A. Vaskina1, O.A. Nikiforov1,2, A.G. Akopova2, I.A. Kalinina2, Y.P. Nikitin3; 
1Novosibirsk State Medical Academy, 2Municipal Diabetes Center, Clinical 
Hospital 1, 3Institute of Internal Medicine, Novosibirsk, Russian Federation.

Background and aims: Novosibirsk is a big industrial City in Western Si-
beria, Russia. The population of City takes third place among Russian Cit-
ies. The aim of the study was to describe trends of Type 1 Diabetes Mellitus 
(T1DM) incidence among children from 0 to 14 years old in Novosibirsk City 
during 1980-2008 study periods.
Materials and methods: Data for 1980-1989 and 1990-1999 study periods 
was collected according the standards of WHO program “DiaMond” and 
data for 2000-2008 years according the National Russian Registry of DM. 
Two sources of information have been used during the both studies: data 
from all Novosibirsk hospitals and data from all Novosibirsk children’ endo-
crinologists. The criteria of diagnosis were based on the Diagnosis of Diabe-
tes, age of onset from 0 to 14 years, citizenship of Novosibirsk City for at least 
1 year before manifestation.
Results: During 1980-2008 study period 651 children of 0-14 years old were 
diagnosed and registered (324 boys, 327 girls) with total incidence of 9,7 
cases per 100000 children (95% CI:7,9-11,6). The mean T1DM incidence 
among boys in 1980-1989, 1990-1999 and 2000-2008 study periods was 5,7 
per 100000 boys (4,2-7,1), 8,5 (6,1-10,9) and 15,0 (11,8-18,1) accordingly. The 
incidence among girls for the same study periods was 5,1 (3,7-6,5), 8,5 (7,4-
9,6) and 17,2 (14,1-20,2). For both sexes the incidence was 5,4 (4,1-6,6), 8,5 
(7,1-9,9) and 16,0 (14,0-18,0) accordingly. We have revealed the peculiarities 
of T1DM incidence growth among 0-4, 5-9 and 10-14 age groups of boys and 
girls during study periods. We have found significant growth of incidence 
among girls 0-4 years old during 1980-1989, 1990-1999 and 2000-2008 study 
periods: 2,3 (0,6-4,0), 5,9 (3,2-8,6) and 10,8 (6,6-15,0). We have found sig-
nificant growth of incidence among boys 0-4 years old only for 1990-1999 
study period: 8,3 (5,5-11,2), compare with 2,7 (1,2-4,2) for 1980-1989 and 
8,4 (3,7-13,1) for 2000-2008 study periods. For the 5-9 years old children 
the incidence growth was significant as for boys: 4,9 (2,2-7,5), 8,9 (5,1-12,7) 
and 19,5 (15,4-23,6) for 1980-1989, 1990-1999 and 2000-2008 study periods, 
so as for girls: 6,0 (3,6-8,4), 10,3 (6,9-13,8) and 22,5 (16,8-28,7). We have 
found significant growth of incidence among 10-14 years old children only 
for 2000-2008 study period: 18,1 (6,8-29,3) for boys, so as for girls: 18,3 (14,7-
22,0), compare with 10,0 (6,3-13,7), 8,2 (4,7-11,6) for boys and 7,3 (4,7-9,9), 
8,7 (6,9-10,5) for girls in 1980-1989 and 1990-1999 study periods. There were 
no significant differences in incidence among boys and girls (9,5(7,6-11,4) 
and 10,0(7,9-12,2) during 1980-2008 study periods. We also have found picks 
of manifestation of T1DM in March, June and September during 1980-2008 
study periods with lowest incidence in July.
Conclusion: T1DM incidence among 0-14 years old children of Novosibirsk 
City is high and constantly growing as for boys, so as for girls. The highest 
T1DM incidence rates were revealed in 5-9 and 10-14 years old groups. But 
the highest incidence growth was revealed for 0-4 and 5-9 years old groups 
for both sexes. We think that environmental factors responsible for seasonal 
manifestations played a major role in such unfavourable trends of T1DM in-
cidence in Novosibirsk City.
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Low-grade inflammation and endothelial dysfunction precede the 
increase in pulse pressure in type 1 diabetes: a 20-yr longitudinal study
I. Ferreira1, P. Hovind2, C.G. Schalkwijk3, H.-H. Parving4, C.D. Stehouwer3, 
P. Rossing2; 
1Depts Internal Medicine & Clinical Epidemiology, Maastricht University 
Medical Centre, Netherlands, 2Steno Diabetes Center, Gentofte, Denmark, 
3Dept Internal Medicine, Maastricht University Medical Centre, 
Netherlands, 4Dept Medical Endocrinology, Rigshospitalet, University 
Hospital of Copenhagen, Denmark.

Background and aims: Arterial ageing is accelerated in diabetes. This is 
illustrated by steeper increases in pulse pressure (PP), a marker of arterial 
stiffening, with ageing, in diabetic than in non-diabetic individuals, which 
may partially explain their increased cardiovascular risk. The mechanisms 
involved in accelerated arterial ageing remain unknown, however, but low-
grade inflammation and/or endothelial dysfunction have been suggested to 
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play an important role. We have therefore investigated whether the longi-
tudinal increases in markers of inflammation (CRP and sICAM-1) and en-
dothelial dysfunction (sICAM-1 and sVCAM-1) were associated with and 
preceded the increases in PP in an inception cohort of individuals with type 
1 diabetes (T1D).
Materials and methods: The study population consisted of 277 T1D patients 
(114 women) from an outpatient diabetic clinic (Gentofte, Denmark), who 
were consecutively admitted, upon diagnosis, between Sep’79-Aug’84 (mean 
age at diagnosis 27.5 ± 13.8 yrs; 216 adults). These patients attended the out-
patient clinic every 3-4 months throughout a total follow-up period of >20 
yrs, as part of their routine evaluation, which included measurement of blood 
pressure (BP) and other risk factors. PP (the pulsatile component of BP) was 
calculated as systolic - diastolic pressure. CRP, sICAM-1 and sVCAM-1 were 
measured in serum samples collected throughout the whole longitudinal pe-
riod. We used generalized estimating equations (GEE) to investigate, longi-
tudinally, the associations hypothesized; in order to ascertain ‘possible cau-
sality’, we also investigated the associations between levels of CRP, sICAM-1 
and sVCAM-1 at any time point and changes in PP 2 years thereafter (auto-
regressive GEE model). All analyses were adjusted for sex, age at diagnosis, 
smoking, anti-hypertensive treatment and mean arterial pressure (the steady 
component of BP). Results hereby obtained are expressed as longitudinal 
regression coefficients (per SD increase in serum marker) and respective 
95%CI.
Results: PP increased by 0.53 mmHg/yr (95%CI: 0.47; 0.60), CRP by 0.033 
mg/l/yr (0.028; 0.039), sICAM-1 by 1.8 ng/ml/yr (1.0; 2.6) and sVCAM-1 by 
1.8 ng/ml/yr (0.3; 3.2) over the 20-yr longitudinal period. Higher levels of 
lnCRP, sICAM-1 and sVCAM-1 were all positively associated with higher 
levels of PP: 0.53 mmHg (0.05; 1.00), 1.09 mmHg (0.53; 1.66) and 0.94 mmHg 
(0.40; 1.48) per SD, respectively. In auto-regressive GEE models, sICAM-1 
and sVCAM-1, but not lnCRP, were also associated with PP: 0.56 mmHg 
(0.18; 0.94), 0.53 mmHg (0.17; 0.90) and -0.01 mmHg (-0.38; 0.35) per SD, 
respectively. Adjustments for other risk factors, i.e. HbA1c, cholesterol, BMI, 
creatinine and urinary albumin excretion, did not change these associations. 
Conclusion: Life-course increases in low-grade inflammation and endothe-
lial dysfunction are associated with and precede increases in pulse pressure. 
Our findings thus support, for the first time with a truly longitudinal design, 
the view of early involvement of these mechanisms in the premature develop-
ment of arterial stiffness in diabetes.
Dr. Ferreira is supported by a post-doc research grant from the Netherlands 
Heart Foundation
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New approach to diabetes screening
A.V. Dreval, I.V. Misnikova, I.A. Barsukov; 
Endocrinology, Moscow Region Research Clinical Institute, Moscow, 
Russian Federation.

Background and aims: Leading international organizations (WHO, ADA, 
IDF) offer different models of screening of glucose metabolism abnormali-
ties (GMA). Aims: 1) the comparison of different GMA screening models 
via determination of their sensitivity and specificity for diagnosing T2DM, 
IGT and IFG; 2) to develop new screening model, which simplify screen-
ing procedure and to reduce expenses on its conduction while keeping high 
sensitivity and specificity.
Materials and methods: Population-based screening for GMA among 2508 
individuals of Moscow County. Standard 2-h 75 g OGTT was performed 
using HemoCue analyzers in subjects previously undiagnosed with diabe-
tes. 626 subjects (24,9%) with GMA were found followed the 1999 WHO 
criteria. Depending on diagnostic criteria (ADA-2003 or WHO-1999) and 
research method (only FBG, OGTT) 5 screening models were considered: 
Model 1. Screening according to WHO, 1999 criteria (with using OGTT in 
all persons);Model 2. Screening according to ADA, 2003 criteria (OGTT not 
used); Model 3. Use of OGTT only for subjects with IFG to be measured by 
ADA criteria; Model 4. Use of OGTT only for subjects with IFG according to 
WHO criteria; Model 5. Use OGTT only for subjects with FPG > 5.0 mmol/l; 
Sensitivity (Se) and specificity (Sp) of screening models is compared based 
on definition of T2DM, IGT, IFG on formula: Se=TP/(TP+FN), Sp=TN/
(TN+FP),TP-True Positive, TN-True Negative, FN-False Negative, FP-False 
Positive.
Results: Screening conducted according to model 1 makes it possible to dis-
cover the highest percentage of patients with T2DM and IGT. Removal of 
OGTT or limited use of OGTT as suggested in other screening models leads 
to a decrease in the diagnosing of T2DM and IGT in the population. There-
fore, using screening model 2 we cannot find persons with IGT and 4% of 
T2DM patients (among some patients T2DM is diagnosed at the 2nd point of 
OGTT). A decrease in the diagnosing of IGT could worsen the prognosis of 
T2DM development among this category of people. When there is no infor-
mation about the presence of IGT, corresponding preventative measures to 
decrease the risk of T2DM will not be taken. We suggest that the risk of gly-
cemia increasing following a 75 g load of glucose is minimal given a certain 
level of FPG. Therefore, no people with hyperglycemia were found after load-
ing given FPG of up to 4.0 mmol/l it was minimal given glycemia from 4.1 to 
5.0 mmol/l. Given glycemia from 5.1 to 5.5 mmol/l, the risk of IGT appearing 
grew by 2.26 times. Given glycemia from 5.6 to 6.0 mmol/l, the risk grew by 
nearly 4 times. Correspondingly, the risk of discovering T2DM and IGT at 
the second point after loading could be considered minimal among people 
with glycemia of up to 5.0 mmol/l and OGTT could be excluded from the 
screening model. According to our data, 23.3% of those examined had FPG 
of less than 5.0 mmol/l. Excluding OGTT among this category could make 
it possible to save funds spent on the conduction of screening. We suggest a 
new model: use OGTT only for subjects with FPG > 5.0 mmol/l.
Conclusion: Screening model 5 (use OGTT only for subjects with FPG >5.0 
mmol/l) displays high sensitivity for diagnosing T2DM (0.99) and for IGT 
(0.93). New screening model allows to reduce expenses by excluding OGTT 
among subjects with FPG < 5.1 mmol/l, share of which makes 23.3% among 
participants.
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A comparison of screening strategies for impaired glucose tolerance 
and type 2 diabetes mellitus in a UK community setting: a cost per case 
analysis
K. Khunti1, N.A. Taub1, C.L. Gillies1, K.R. Abrams1, L.J. Gray1, S.L. Hiles2,  
D. Webb2, B.T. Srinivasan2, M.J. Davies2; 
1Department of Health Sciences, 2Department of Cardiovascular Sciences, 
University of Leicester, United Kingdom.

Background and aims: Universal screening for vascular risk is to be intro-
duced in the UK starting in April 2009, for those aged over 40 years. This will 
have a substantial impact on health care resources, therefore it is essential to 
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investigate different methods for pre-screening people at high risk. Currently, 
there is no systematic or structured screening policy for Type 2 Diabetes 
(T2DM) in most countries. The aim of this study was to assess effectiveness 
and cost efficiency of a combination of different screening methods for undi-
agnosed T2DM and impaired glucose regulation (IGR included IGT and/or 
IFG) in a multi-ethnic community setting.
Materials and methods: A random sample of people aged 40-75 years from 
24 general practices in Leicestershire were invited for a 75g Oral Glucose 
Tolerance Test (OGTT), as the ADDITION (Leicester) screening study. Par-
ticipants provided a detailed medical history, anthropometric measurements 
and completed the FINDRISC questionnaire. Clinical effectiveness was com-
pared using sensitivity, specificity, and the area under the ROC curve. We 
compared 17 approaches to screening involving FINDRISC and our own 
Leicester self-assessment (LSA) and Leicester primary-care-data (LPD) risk 
scores, in addition to fasting glucose and HbA1c. The cost-effectiveness of 
tests was assessed by ‘cost per case’, i.e. the total estimated cost of screening a 
specified population, modeling cost components such as nursing cost rates, 
nursing time, administration costs, lab test costs. This is then divided by the 
number of cases identified, as estimated using test sensitivity values from the 
study sample data. As an improvement on previous screening cost-effective-
ness models, these models were run within a Bayesian framework, using a 
simulation-based approach that incorporates uncertainty around both the 
estimated costs and sensitivity values.
Results: 6749 individuals participated: the age range was 25-75 years (SA) 
and 40-75 (WE); mean age was 56.1 (SD 10.8), 47.7% were male and 27.5% 
were of south Asian ethnicity. 6372 individuals (94.4%) had all relevant data 
recorded and were included in the analysis; of these 202 (3.2%) were diag-
nosed at OGTT with screen-detected T2DM, and an additional 902 (14.2%) 
were diagnosed with IGR. Estimated cost implications varied substantially 
for the 212 screens we considered; results for three screens are shown in the 
Table for illustration.
Conclusion: The suggested strategies provide a number of tools for screening 
people for T2DM and IGR. A stepwise screening strategy using self-assess-
ment or practice routine data to calculate a risk score, followed by a FPG or 
HBA1c is an efficient screening strategy for detecting T2DM and T2DM/IGR 
in a community setting. 
Table. Sample, 3 of the 212 screening methods modelled.
Stage 1 Stage2 Stage 3 Proportion to

OGTT (%) (SE)
Est. cost per T2DM 
case detected (€) (SE)

HbA1c ≥6.0 OGTT 22.3 (0.5) 1713 (55)
LSA≥14 HbA1c≥5.8 OGTT 29.8 (0.6) 1245 (51)
LPD≥5.00 HbA1c≥6.0 OGTT 18.8 (0.5) 931 (42)

Supported by: Diabetes UK
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Diagnostic value of glycated haemoglobin as a screening test for diabetes 
mellitus
Y. Hu, W. Liu, Y. Chen, M. Zhang, S. Li, X. Liu, T. Han, L. Ji; 
Division of Endocrinology, Renji Hospital, Shanghai Jiaotong University, 
Shanghai, China.

Background and aims: To assess the validity of fasting plasma glucose (FPG) 
and/or glycated haemoglobin (HbA1c) as screening tests for diabetes mel-
litus.
Materials and methods: A total of 2298 subjects (956 male and 1342 female) 
in Shanghai area were included. All subjects underwent a 75g oral glucose 
tolerance test (OGTT) and HbA1c measurement. Receiver operating charac-
teristic curve (ROC curve) analysis was used to examine the sensitivity and 
specificity of FPG and HbA1c for detecting diabetes, which was defined as a 
FPG≥7.0 mmol/L or a post-challenge 2-h plasma glucose≥11.1 mmol/L.
Results: 1. Based on 1999 WHO criteria,830 had normal glucose 
tolerance(NGT),110 had impaired fasting glucose(IFG),380 had impaired 
glucose tolerance(IGT),183 had IGT and IFG,795 had diabetes. The preva-
lence of newly diagnosed diabetes was 34.6% (n=795). 2. Based on the ROC 
curve,the optimal cut-point of FPG related to diabetes diagnosed by OGTT 
was 6.1mmol/L that was associated with a sensitivity and specificity of 81.5% 
and 81.0% respectively; The optimal cut-point of HbA1c related to diabe-
tes diagnosed by OGTT was 6.1%,which was associated with a sensitivity 
and specificity of 81.0% and 81.0% respectively; The screening model us-

ing FPG≥6.1mmol/L or HbA1c≥6.1% had sensitivities of 96.5% for detect-
ing undiagnosed diabetes;The screening model using FPG≥6.1mmol/L and 
HbA1c≥6.1% had specificity of 96.3% for detecting undiagnosed diabetes. 
Conclusion: The simultaneous measurement of FPG and HbA1c might be a 
more sensitive and specific screening tool for identifying high-risk individu-
als with diabetes at an early stage.

sensitivitis and specificities of different screening models for detecting 
diabetes
screening model sensitivity 

(%)
specificity 
(%)

positive likeli-
hood ratio

negativelikeli-
hood ratio

FPG≥5.6mmol/L 92.5 54.3 2.02 0.46
FPG≥7.0mmol/L 54.5 100 ∞ 0.46
FPG≥6.1mmol/L 81.5 80.5 4.18 0.23
HbA1c≥6.1% 81.0 81.0 4.26 0.23
FPG≥6.1mmol/L  
and HbA1c≥6.1%

66.0 96.3 17.84 0.35

FPG≥6.1mmol/L  
or HbA1c≥6.1%

96.5 65.2 2.77 0.05

Supported by: National Scientific Foundation of China
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Differences between the 10-year incidence of retinopathy and chronic 
kidney disease in screening-detected and in usual care-detected type 2 
diabetes patients. The Hoorn Study
H. Zavrelova1, M. Alssema2, G. Nijpels3, B.C.P. Polak1, A.C. Moll1,  
P.J. Kostense2, C.D.A. Stehouwer4, J.M. Dekker2; 
1Ophthalmology, EMGO Institute for Health and Care Research, VU 
University Medical Center, Amsterdam, 2Epidemiology & Biostatistics, 
EMGO Institute for Health and Care Research, VU University Medical 
Center, Amsterdam, 3General Practice, EMGO Institute for Health and Care 
Research, VU University Medical Center, Amsterdam, 4Internal Medicine, 
Maastricht University Medical Centre, Netherlands.

Background and aims: The onset of type 2 diabetes (T2DM) complications 
is known to occur in many patients several years before T2DM is diagnosed. 
Early detection of T2DM patients by screening would be meaningful if a re-
duction of complications like retinopathy and chronic kidney disease could 
be achieved. We investigated whether screening-detected T2DM patients car-
ry a lower risk of retinopathy and chronic kidney disease than T2DM patients 
diagnosed in usual care.
Materials and methods: In the Hoorn Study, a population-based cohort 
study (n=2484, age 50-75) of diabetes and diabetes complications, 115 pa-
tients were classified as having newly diagnosed T2DM after screening at 
baseline, 44 of whom participated in the 10-year follow-up examination. The 
10-year incidence of complications of these screening-detected patients was 
compared to the 10-year incidence of complications as estimated from cross-
sectional annual medical examinations in usual care-detected T2DM patients 
(n=1336). The regression coefficient of the relation between the proportion 
of complications and the T2DM duration was used to compute an estimated 
10-year incidence of T2DM complications in the usual care-detected T2DM 
patients.
Results: The 10-year incidence of retinopathy and chronic kidney disease in 
the screening detected patients were 12.2% (5/41) (95% confidence interval 
(CI): 4.1% to 26.2%) and 37.8% (14/37) (95% CI: 22.5% to 55.2%), respec-
tively. In the usual care-detected patients the estimated 10-year incidence of 
retinopathy was 8% (95% CI: 3% to 13 %) and for chronic kidney disease 
20% (95% CI: 13% to 26 %). The difference in 10-year incidence between 
screening and usual care-detected patients shows a 4.2% (95% CI: -5.9% to 
14.3 %) higher incidence for retinopathy and 17.8% (95% CI: 2.1 to 33.6%) 
higher incidence for chronic kidney disease in screening-detected compared 
to usual care-detected patients. The screened subjects were characterized by 
a markedly higher blood pressure as compared to the usual care detected pa-
tients, at time of diagnosis and 10 years later.
Conclusion: Surprisingly, this study showed that the incidence rate of retin-
opathy and chronic kidney disease is higher in screening-detected patients 
compared to patients detected in usual care. This suggest that non-sympto-
matic hyperglycemia confers a high-risk for diabetic complications. Thus, 
screening for T2DM might help detect patients in an earlier stage of the dis-
ease with need to initiate strict treatment on multiple risk factors for retin-
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opathy and chronic kidney disease in order to prevent the development of 
these complications.

286
Pre-diabetes is associated with abnormal ventricular diastolic function in 
Korean population
N. Kim1, J. Seo1, H. Kim1, H. Cho1, S.J. Yang2, J. Park2, D.L. Kim3, S. Kim1,  
K. Choi1, S. Baik1, D. Choi1, C. Shin1, H. Lim1, S. Lim1, S. Kim1; 
1Korea University Hospital, Ansan, 2Endocrinology and Metabolism, Korea 
University, Seoul, 3Internal Medicine, Konkuk University, Seoul, Republic 
of Korea.

Background and aims: Patients with diabetes have an increased incidence of 
congestive heart failure. The recent use of sensitive and less load-dependent 
techniques such as myocardial velocity by tissue Doppler imaging has dem-
onstrated subclinical left ventricular (LV) dysfunction is common in diabetic 
patients without known cardiac disease. However, the impact of prediabetes 
on LV dysfunction has not been studied in a population-based study. In the 
present study, we aimed to evaluate the extent to which prediabetes is associ-
ated with LV structure and function.
Materials and methods: The subjects consisted of 1221 Koreans aged 40-69 years 
from the Korean Genome Epidemiology Study, which is an ongoing prospective 
population-based study. Data were collected from a comprehensive health exami-
nation and subjects with LV systolic dysfunction or known CVD were excluded.
Results: Glucose tolerance status was assessed by fasting (FPG) and 2 hour 
glucose after 75g glucose loading (2hPG). Categories of glucose regulation 
was defined by the 2003 ADA criteria; normal glucose tolerance (NGT, 
FPG <5.6 and 2hPG <7.8 mmol/l, n=581), prediabetes (FPG=5.6-6.9 and/or 
2hPG=7.8-11.0 mmol/l, n=434) and diabetes (FPG≥7.0 or 2hPG ≥11.1 mmol/
l or previous clinical diagnosis, n=200). Echocardiography was used to assess 
LV structure (LV mass) and systolic (LV ejection fraction) and diastolic func-
tion, by pulse-wave Doppler (E/A ratio; ratio of early to late diastolic mitral 
flow velocity) and tissue Doppler imaging (Ea; early diastolic velocity). From 
NGT to prediabetes to diabetes, LV mass increased, and E/A ratio and Ea 
decreased progressively [LV mass index (mean±SD), 86.5±17.5, 88.7±16.8, 
91.2±19.4 g/m2, p=0.001; E/A ratio, 1.23±0.40, 1.10±0.32. 1.02±0.32, p<.0001; 
Ea, 7.57±1.91, 7.02±1.63, 6.47±1.65 cm/s in NGT, prediabetes, and diabetes, 
respectively, p<.0001]. However, ejection fraction and other parameters of 
conventional Doppler indexes were comparable in the three groups. After 
adjusting for age, sex, body mass index, and blood pressure, Ea was lowest 
in subjects with diabetes, and significantly lower in those with prediabetes 
than with NGT (mean±SE, 7.26±0.07, 7.00±0.08, 6.66±0.11 cm/s in NGT, 
prediabetes, and diabetes, p<.0001). E/A ratio was also lower in those with 
prediabetes than NGT, but comparable in subjects with prediabetes and dia-
betes in the multivariate model (mean±SE, 1.17±0.02, 1.10±0.02, 1.05±0.02 
cm/s in NGT, prediabetes, and diabetes, p<.0001).
Conclusion: Diastolic dysfunction was evident in subjects with prediabetes 
independently of body mass index and hypertension. Screening those with 
prediabetes for diastolic dysfunction may identify subjects with risk for car-
diovascular morbidity and mortality.
Supported by: the Korean Centers for Disease Control and Prevention, South 
Korea
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One third of the Portuguese population has diabetes or “pre-diabetes” 
- Diabetes Prevalence Study in Portugal
L. Gardete-Correia1, S. Massano-Cardoso2, J.M. Boavida3,4, J.-F. Raposo1,  
C. Mesquita1, C. Fona1, R. Carvalho1; 
1Portuguese Diabetes Association (APDP), Lisbon, 2Hygiene and Social 
Medicine Institute, Coimbra, 3Portuguese Diabetes Programe, Directorate 
General of Health, Lisbon, 4Portuguese Society of Diabetology, Lisbon, 
Portugal.

Background and aims: The number of people with diabetes has been increas-
ing all over the world to an extent that can be called as an epidemic. Until this 
moment the Portuguese data came from either Catalonian data (IDF), either 
from the Portuguese Statistics Institute (2006) by patients’ self-reference.
The objectives of this study were to determine in the Portuguese population 
aged between 20 and 79 years the prevalence of type 2 diabetes and pre-dia-
betes defined as Impaired fasting glucose (IFG) levels and Impaired glucose 
tolerance (IGT)

Materials and methods: Taking into account the number of inhabitants 
(7.657.529 people between 20 and 79 years old), 122 sub-statistical units were 
selected with regional and national representativeness. Within each sub-sta-
tistical unit, the resident population was randomly chosen by age and gender. 
The total sample was constituted by 5.167 subjects, which corresponds to an 
acceptance rate of 63,2% of the invitations sent to participate in the Study. The 
national prevalence and comparative prevalence have been calculated. Fast-
ing glycaemia and 2 hour OGTT were made to all non-diabetic subjects. The 
diagnostic criteria used were the referenced by WHO. The Study took place 
between January 2008 and January 2009.
Results: The national diabetes prevalence is 11,7%, (95% CI: 10,8% - 12,6%) 
with a significant difference between men: 14,2% (95% CI: 12,5% - 15,5%); 
and women: 9,5% (95% CI: 8,5% - 10,6%). 6,6% of the subjects had a previous 
diabetes diagnosis and 5,1% were undiagnosed. The comparative prevalence 
found was 9.8% (5.3% with previous diagnosis of diabetes and 4.4% undi-
agnosed). 905.035 people aged between 20 and 79 years have diabetes, from 
which 395.134 subjects (43,6% of the total) didn’t know they had diabetes. By 
age groups, the results show that: 2,4% of the population aged between 20 and 
39 years; 12,6% of the people from 40 to 59 years old and 26,3% of the people 
aged between 60 and 79 years have diabetes. 23,2% (1.782.663 people) have 
IGF and/or IGT. The population from Azores (an autonomous region) has 
the highest regional results, with a diabetes prevalence of 14,3% (9,2% with 
diagnosed diabetes and 5,1% with undiagnosed diabetes).
Conclusion: Diabetes is a chronic disease with a high prevalence in Portugal, 
which along with “pre-diabetes” reaches one third of the population over 20 
years old, being among the highest numbers in Europe. 34.9% of the popu-
lation aged between 20 and 79 years have diabetes or “pre-diabetes”, corre-
sponding to 2.687.698 Portuguese resident people. Concerning people with 
diabetes we observe an high number of males and as described in another 
countries a high number- 43,6% - of undiagnosed people with diabetes.
Supported by: the Portuguese Directorate General of Health
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Adiponectin trajectories in the 13 years prior to the onset of type 2 
diabetes mellitus - The Whitehall II study
A.G. Tabak1,2, M. Carstensen3, M. Kivimaki1, M. Jokela1, M. Roden3,  
M.J. Shipley1, D.R. Witte1,4, E.J. Brunner1, C. Herder3; 
1Department of Epidemiology and Public Health, University College 
London, United Kingdom, 21st Department of Medicine, Semmelweis 
University Faculty of Medicine, Budapest, Hungary, 3Institute for Clinical 
Diabetology, German Diabetes Center, Duesseldorf, Germany, 4Steno 
Diabetes Center, Gentofte, Denmark.

Background and aims: Low levels of serum adiponectin have repeatedly 
been associated with the development of type 2 diabetes (T2D). To clarify the 
issues of timing and causality, we examined trajectories of adiponectin prior 
to T2D diagnosis compared to trajectories in non-cases, who did not develop 
diabetes during follow-up.
Materials and methods: Case-cohort study within the Whitehall II cohort 
with a total of 2809 participants (27.2% women, age at baseline [mean±SD] 
49.3±5.9 years, BMI 25.3±3.5 kg/m2). Serum levels of adiponectin were meas-
ured at up to three time points for the 335 cases with incident T2D during the 
follow-up period and 2474 controls remaining T2D-free (phase 3, the base-
line: 1991-94, phase 5: 1997-99, and phase 7: 2003-04). In the analysis, year 0 
was set at diabetes diagnosis for cases and at a randomly selected time point 
during follow-up for non-cases. Adiponectin levels were traced backwards to 
participants’ first clinical screening to assess trajectories during 13 years prior 
to T2D diagnosis. Multilevel models adjusted for age, sex and ethnicity were 
based on 755 measurement points in cases and 5095 measurement points in 
the remaining cohort.
Results: Adiponectin levels were lower among diabetes cases 13 years before 
year 0 (mean difference 0.28 [95% CI 0.21-0.34] log2 mg/L). Adiponectin lev-
els decreased log-linearly throughout the observation period in non-cases by 
0.011 [95% CI 0.006-0.0.017] log2 mg/L/year from 9.3 [95% CI 9.1-9.5] to 
8.8 [95% CI 8.6-9.0] mg/L. The decline in adiponectin from 7.9 [95% CI 7.5-
8.3] to 7.1 [95% CI 6.8-7.4] mg/L among cases was significantly steeper than 
that among controls (mean difference in slopes 0.005 [95% CI 0.001-0.0.010] 
log2 mg/L/year). After adjustment for contemporaneous body mass index, 
the difference in adiponectin levels between cases and non-cases was halved 
but remained significant (mean difference 0.15 [95% CI 0.09-0.22] log2 mg/L) 
while the slopes were no longer different from each other ( p>0.05).
Conclusion: Adiponectin levels differ markedly between those who develop 
T2D and those who do not, more than a decade before diagnosis, but do 
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not appear to be involved in the immediate changes that precede the disease 
onset. The more rapid decline in adiponectin levels among cases compared 
to non cases is explained largely by differences in BMI and BMI changes of 
the two groups.
Adiponectin measurements were funded by a Medical Research Council (UK) 
New Investigator Award
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Work stress increases risk of type 2 diabetes in middle-aged Swedish 
women
C.-G. Östenson1, M. van den Donk2, A. Hilding1; 
1Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden, 
2Julius Center for Health Sciences and Primary Care, University Medical 
Center Utrecht, Netherlands.

Background and aims: In cross-sectional analyses in the Stockholm Dia-
betes Prevention Program, a population-based cohort, stress factors at work 
and low sense of coherence (SOC), a factor for successful coping with stres-
sors, were associated with type 2 diabetes in middle-aged Swedish women. 
We investigated these associations prospectively in both men and women in 
the Stockholm Diabetes Prevention Program.
Materials and methods: The study included 3205 Swedish women and 2227 
Swedish men, aged 35-56 years, with normal glucose tolerance at baseline. 
At follow-up, type 2 diabetes was detected in 60 women after 8 years and in 
111 men after 10 years. We analysed the associations of work stress by high 
demands, low decision latitude, job strain (a combination of high demands 
and low decision latitude), shift work, and overtime work with type 2 diabe-
tes. Furthermore, we studied low SOC in association with type 2 diabetes. 
Baseline work factors and SOC were measured by questionnaire. We calcu-
lated odds ratios (OR) and 95% confidence intervals using multiple logistic 
regression analysis. ORs were adjusted for age and education, while analysis 
revealed that data were not confounded by factors like waist, BMI, physical 
inactivity, smoking and family history of diabetes.
Results: In women, we found no association between high work demands 
(age-adjusted OR 1.0 (0.5-2.0); fully adjusted OR 1.2 (0.6-2.4)), overtime 
work (age-adjusted OR 0.9 (0.5-1.6); fully adjusted OR 1.1 (0.6-1.9)), or low 
SOC (age-adjusted OR 0.9 (0.4-2.1); fully adjusted OR 0.8 (0.3-1.8)) and type 
2 diabetes. Low decision latitude was associated with type 2 diabetes on its 
own (age-adjusted OR 2.7 (1.4-5.5); fully adjusted OR 2.3 (1.1-4.9)), and 
combined with high demands (job strain; age-adjusted OR 3.9 (2.1-7.4), fully 
adjusted OR 3.4 (1.7-6.5)). Shift work seemed associated with type 2 diabetes 
(age-adjusted OR 2.6 (1.2-5.3); age and education adjusted OR 2.4 (1.2-5.1)), 
but this increased risk was partly explained by BMI ( age, education and BMI 
adjusted OR 2.2 (1.0-4.9). In men, high work demands seemed to protect 
against type 2 diabetes (age-adjusted OR 0.5 (0.3-0.9); fully adjusted OR 0.6 
(0.3-1.0)), whereas low SOC seemed to increase diabetes risk (age-adjusted 
OR 1.9 (1.2-3.1); fully adjusted OR 1.7 (1.1-2.9)). There were no associations 
between decision latitude (age-adjusted OR 0.9 (0.7-1.3); fully adjusted OR 
0.9 (0.6-1.2)), shift work (age-adjusted OR 1.2 (0.7-2.1)); fully adjusted OR 
1.1 (0.6-2.0)), or overtime work (age-adjusted OR 0.8 (0.5-1.3)); fully adjust-
ed OR 0.9 (0.6-1.4)) and type 2 diabetes.
Conclusion: This prospective study indicates that risk of type 2 diabetes 
is influenced by stress factors at work in middle-aged women and men. In 
women, type 2 diabetes risk is increased by low decision latitude, especially 
in combination with high work demands, and shift work, but not by overtime 
work or low SOC. In men, type 2 diabetes risk is decreased by high work 
demands, and increased by low SOC.
Supported by: Stockholm County Council, Swedish Research Council on Work-
ing Life and Social Sciences, Novo Nordisk Scandinavia
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Trends in the epidemiological situation on diabetes among adult 
population in Russia
O. Maslova, Y. Suntsov, I. Cazakov, L. Bolotskaja; 
National Research Centre for Endocrinology, Moscow, Russian Federation.

Background and aims: All over the world is marked growth of number pa-
tients with diabetes (DM), finding epidemic scales. Monitoring of situation 
on DM in Russia carries out the State Register of DM (SRDM) which repre-
sents information-analytical system of the regional centers. The aim of this 
study was to estimate trends in the prevalence, incidence and mortality of 
adult diabetic patients in Russia.

Materials and methods: Using the regional centers SRDM database, we esti-
mated trends in the prevalence, incidence and mortality of adult diabetic pa-
tients from 2002 to 2007. All patients with type 1 (T1DM) or type 2 (T2DM) 
DM were aged > 18 yrs.
Results: Number of diabetic patients (millions) in Russia increased consid-
erably from 1.078 in 2002 to 2.807 in 2007. Prevalence of T1DM increased 
by 2.1% (from 217.9 (2002) to 222.5 (2007) per 100.000 adult person-years). 
Prevalence of T2DM increased by 30.5% (from 1696.1 (2002) to 2214.0 
(2007) per 100.000 adult person-years). Incidence of DM increased 1.4-fold 
among adult population, basically at the expense of patients with T2DM. So 
incidence of T2DM increased by 45% (from 166.2 (2002) to 241.0 (2007) per 
100.000 adult person-years), whereas incidence of T1DM decreased by 1.4% 
(with 14.3 (2002) to 14.1 (2007) per 100.000 adult person-years). Incidence of 
T1DM was higher (~1.5-fold) in males, than in females. Incidence of T2DM 
was higher (~2.3-fold) in females, than in males. Mortality of diabetic pa-
tients decreased from 31.3 (2002) to 28.9 (2007) per 100.000 adult person-
years (for T1DM) and from 341.9 (2002) to 339.5 (2007) per 100.000 adult 
person-years (for T2DM). Average lifetime of diabetic patients increased 
from 54.9±0.75 yrs to 57.2±0.28 yrs (for T1DM) and from 69.2±0.11 yrs to 
71.6±0.10 yrs (for T2DM).
Conclusion: Thus, prevalence of DM in Russia increased by 16.3%. Incidence 
of T2DM increased by 45%, whereas incidence of T1DM decreased by 1.4% 
and mortality decreased by 1.3%, lifetime of diabetic patients increased by 
1%.
Supported by: The State Register of Diabetes
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Prevalence of diabetes among adults aged from 18 to 74 years living in 
mainland France - the French Nutrition and Health Survey (ENNS 2006-
2007)
C. Bonaldi1, M. Vernay2, C. Roudier2, B. Salanave2, K. Castetbon2,  
A. Fagot-Campagna1; 
1Maladies Chroniques et Traumatismes, Institut de Veille Sanitaire, Saint 
Maurice, 2Unité de Surveillance et d’Epidémiologie Nutritionnelle, Institut 
de Veille Sanitaire, Bobigny, France.

Background and aims: The purpose of this study was to investigate the prev-
alences of diagnosed and undiagnosed diabetes, and impaired fasting glucose 
in adults from 18 to 74 years living in mainland France.
Materials and methods: Data come from the French Nutrition and Health 
Survey conducted in 2006-2007 which describes the nutritional situation of 
children aged from 3 to 17 years and adults aged from 18 to 74 years living 
in mainland France. A three stages stratified probability sampling design was 
used to assure a nationwide basis analysis (n=2,413 adults included in our 
analysis). Diagnosed diabetes was identified by self-questionnaire (self-re-
ported diabetes or oral hypoglycemic medication or insulin). Fasting plasma 
glucose was used to categorize people with undiagnosed diabetes (FPG≥7.0 
mmol/l) and impaired fasting glucose (World Health Organisation criteria :  
6.1≤FPG <7.0 mmol/l; American Diabetes Association criteria : 5.6≤FPG 
<7.0 mmol/l).
Results: The prevalence of total diabetes was 4.9% (3.9-6.2) for the total 18-
74 years population. The prevalence of diagnosed diabetes (with medication 
or not) was estimated to 3.9% (3.0-5.1), so the prevalence of undiagnosed 
diabetes reached 1.0% (0.6-1.7). The prevalence of the treated diabetes by oral 
or insulin medication was 3.4% (2.5-4.4). The proportion of 18-74 years old 
adults with impaired fasting glucose was 5.6% (4.3-7.4) according to WHO 
criteria and 15.5% (13.2-18.1) according to ADA criteria. Prevalences of diag-
nosed diabetes and impaired fasting glucose were about twofold for men than 
women (5.4% versus 2.5% and 7.9% versus 3.4% (WHO) or 19.9% versus 
11.2% (ADA) respectively), and no difference by sex was observed for the 
prevalence of undiagnosed diabetes.
Conclusion: On a nationwide basis sample, this study brings a first estima-
tion of the prevalence of the total diabetes (diagnosed, with medication or 
not, and undiagnosed) and impaired fasting glucose in adults aged from 18 
to 74 years living in mainland France. We found only one diabetic person on 
five was not diagnosed.
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Metabolic syndrome in patients with bipolar disorders and the general 
population of Spain: findings from a population-based case-control 
study: the BIMET-VIVA study
R. Gabriel1, L. Lorenzo2, M. Alonso2, A.M. González3, E. Vieta4,  
J.M. Montes5, J. Rejas-Gutiérrez6, F.J. Mesa6; 
1Clinical Epidemiology, Hospital Universitario La Paz and RECAVA 
Network, Madrid, 2Clinical Epidemiology, Hospital Universitario La 
Paz, Madrid, 3Department of Psychiatry, Hospital Santiago Apóstol and 
Stanley Research Center, Psychiatry, CIBERSAM, Vitoria, 4Institute 
of Neuroscience, Hospital Clínic, University of Barcelona, IDIBAPS, 
Barcelona, 5Department of Psychiatry, Hospital del Sureste, Arganda del 
Rey, Madrid, 6Medical Unit, Pfizer-Spain, Madrid, Spain.

Background and aims: To compare the frequency of Metabolic Syndrome 
(MS) and its components between patients with Bipolar Disorder (BD) under 
psychiatric pharmacological treatment with the general population in Spain.
Materials and methods: The BIMET study enrolled during a 12-month pe-
riod 532 (321 females-60.3%), consecutive unselected patients (mean age 
46.3±13 years), according to DSM-IV TR criteria, from several mental health 
centres across Spain. The VIVA Study is a multicentre (9 sites), population-
based, epidemiological study investigating the Variability of Insulin with Vis-
ceral Adiposity (VIVA). Both studies were concurrent in time and performed 
between 2007-2008. A random sample of 1560 individuals (three controls per 

case), matched by age (mean age 47.6±9.4 years) and sex, were selected from 
the VIVA data set (n=2.828). Fasting blood glucose (FBG), HDL-cholesterol, 
triglycerides, BMI, waist circumference and blood pressure were measured 
in both study groups. The National Cholesterol Educational Program NCEP/
ATP III and the International Diabetes Federation (IDF) definitions were 
used for MS. Bivariate and multivariate comparisons (conditional logistic re-
gression for matched case-control studies) were performed.
Results: Overall, the prevalence of MS-NCEP was 25.1% (95%CI 21.1-29.5) 
in BD patients and 19.3% (95%CI 17.4-21.4) in controls (p<0.05). Corre-
sponding figures for IDF were 34.8% (95%CI 30.1-39.6) vs. 29.8% (95%CI 
27.5-32.1) (p<0.05). Gender-related differences between BD patients and 
controls were only observed in males (28.5% vs 16.8% for NCEP and 40.2% 
vs. 26.4% for IDF) (all p values <0.001). Among BD patients, males showed 
a higher frequency of MS than females (28.5% vs. 23.0% by the NCEP cri-
terium and 40.2% vs. 30.9% by the IDF). There was a higher prevalence of 
IDF-abdominal obesity in the Spanish female population 78.7% in BD and 
66.2% in controls) compared with male population (64.7% in BD and 49.8% 
in controls). BD patients, males or females, had also higher values than con-
trols in BMI 28,2±5,4 vs. 27,6±4,5 (p=0.02); waist circumference: 96±17,1cm 
vs.88,4±11,5cm (p<0.001); triglycerides: 145,4±102,2 mg/dl vs.116,8±81,4 
mg/dl (p<0.001); and systolic blood pressure in males:129±14,6 mmHg 
vs.125,9±19,2 mmHg (p=0.02). Logistic regression identified the waist cir-
cumference and triglycerides as the two main independent variables explain-
ing the higher frequency of MS observed in BD patients than in controls.
Conclusion: One out of three BD patients under psychiatric pharmacologic 
treatment in Spain, have MS according to the IDF criteria. This is significantly 
higher than in the general population, where the prevalence of abdominal 
obesity is already very high, particularly in women. The components of the 
MS which better explain the observed higher prevalence of MS in BD patients 
than in the general population, are waist circumference and triglycerides.
Supported by: FIS PI06/90270; PFIZER-ESPAÑA S.A.
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Changes in life expectancy of people with type 2 diabetes relative to  
non-diabetics over the last 40 years, from Reykjavik-AGES Study
B. Thorsson1, E. Olafsdottir1,2, T. Aspelund1,2, G. Sigurdsson1,3,  
R. Benediktsson1,3, T.B. Harris4, L.J. Launer4, G. Eiriksdottir1, V. Gudnason1,2; 
1Icelandic Heart Association, Kopavogur, Iceland, 2University of Iceland, 
Reykjavik, Iceland, 3Landspitali University Hospital, Reykjavik, Iceland, 
4NIA/NIH, Bethesda, United States.

Background and aims: People with type 2 diabetes (T2D) have shorter life 
expectancy than non-diabetics. Recent studies have suggested that life ex-
pectancy of people with T2D has improved relative to non-diabetics. We ex-
amine changes in relative mortality of people with T2D in two age categories 
over a time span of 40 years.
Materials and methods: Participants from the Reykjavík Study in 1967-1996 
and the AGES-Reykjavik Study in 2002-2005 were divided into four cohorts. 
Two middle aged cohorts, one from 1972 (n=9972), mean age 53 years, and 
the other from 1983 (n=4760), mean age 56 years, were followed for 20 years. 
Similarly two cohorts of elderly people were followed, one for 5.5 years from 
1993 (n=1599), mean age 78 years, and the other for 3.5 years from 2003 
(n=4952), mean age 76 years. Age and gender adjusted hazard ratio (HR) of 
dying from all causes and from cardiovascular disease (CVD) was estimat-
ed for people with T2D and compared to non-diabetics using Cox survival 
analysis
Results: For middle aged diabetics the HR of dying from any cause compared 
to non-diabetics was 1.64 (95%CI= 1.45-1.86) in 1972, and 1.58 (95%CI= 
1.31-1.89) in 1983. For the elderly diabetics the calculated HR of dying from 
any cause compared to non-diabetics was 1.71 (95%CI= 1.31-2.22) in 1993, 
and 1.60 (95%CI= 1.30-1.98) in 2003. From 1972 to 1983 the decline in HR 
of middle aged diabetics of dying from all causes was 3.7%. From 1993 to 
2003 decline in HR in elderly diabetics of dying from all causes was 3.5%. The 
data show a gradual decrease in relative mortality for diabetics compared to 
non-diabetics over a long time period, although not statistically significant. 
Similar trends are seen in HR of diabetics dying from CVD.
Conclusion: Since 1967 the general increase in life expectancy of the Icelan-
dic population has also benefitted people with type 2 diabetes. However, the 
observed small decline in relative mortality and CVD rate for diabetics over 
the study period still shows a persistent difference in life expectancy between 
people with T2D and non-diabetics.
Supported by: NIH contract N01-AG-1-2100 Intramural Research Program, 
Icelandic Heart Association and Icelandic Parliament
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Socioeconomic position and incidence of LADA and type 2 diabetes -  
11-year follow-up of the Nord-Trøndelag Health Study
L. Olsson1, A. Ahlbom1, V. Grill2,3, K. Midthjell4,2, S. Carlsson1; 
1Karolinska Institutet, Stockholm, Sweden, 2Norwegian University of 
Science and Technology, Trondheim, Norway, 3Trondheim University 
Hospital, Trondheim, Norway, 4HUNT Research Center, Verdal, Norway.

Background and aims: It has been shown that type 2 diabetes is more preva-
lent in lower socioeconomic groups. Conversely, an increased risk of type 1 
diabetes has been seen in children from families with a high socioeconomic 
position. The aim of this study was to investigate whether the risk of latent au-
toimmune diabetes in adults (LADA) also is associated with socioeconomic 
position, and if so, whether the association can be explained by traditional 
risk factors, such as overweight, smoking and physical inactivity.
Materials and methods: We used information from an 11 year follow-
up of the population-based Nord-Trøndelag Health Study. In this cohort 
(n=38,725), 86 incident cases of LADA (anti-GAD positive and insulin inde-
pendent at diagnosis), and 879 incident cases of type 2 diabetes were identi-
fied. Socioeconomic position was measured by self-reported information on 
education and occupation.
Results: High education (university level) was associated with an approxi-
mately two times increased risk of LADA (RR 1.9, 95% CI 1.1-3.6), in com-
parison with low education (primary school). Adjustment for lifestyle and 
psychosocial factors strengthened this association (RR 2.7, 95% CI 1.4-5.2). 
Conversely, the risk of type 2 diabetes was decreased in subjects with a high 
educational level (RR 0.6, 95% CI 0.5-0.9). This risk reduction was explained 
by differences in lifestyle and psychosocial situation, and primarily over-
weight (adjusted RR 1.0, 95% CI 0.7-1.3). Similar results were seen when so-
cioeconomic position was measured by occupation, i.e. a high occupational 
position was associated with an increased risk of LADA and a reduced risk 
of type 2 diabetes.
Conclusion: This is the first study to indicate that the risk of LADA is in-
creased in subjects with a high socioeconomic position. On the other hand, 
these subjects had a reduced risk of type 2 diabetes, which was explained by 
a healthier lifestyle in general, with lower prevalence of overweight, smoking 
and physical inactivity. The association between LADA and a high socioeco-
nomic position was not explained by traditional risk factors, indicating that 
some other environmental or lifestyle factors must be involved. The similarity 
of the results to previous findings for type 1 diabetes suggests that the expla-
nation includes factors related to the autoimmune process.
Supported by: the Swedish Council for Working Life and Social Research
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The metabolic changes and diabetic complications in the Chinese 
patients with newly diagnosed type 2 diabetes
Z. Xu, L. Shi, Y. Wang; 
Diabetes Center, 306th Hospital of PLA, Beijing, China.

Background and aims: To evaluate biochemical characteristics and the 
change trend of diabetic complications in the Chinese patients with newly 
diagnosed type 2 diabetes from 1994 to 2008
Materials and methods: We utilized the database of the diabetes complica-
tions assessment and analysed the metabolic disorder and the diabetic com-
plications change in the patients with newly diagnosed diabetes.
Results: 2085 cases were collected, including male 1189 and female 896. The 
average age was significantly younger, 51.6 + 13.1 vs. 54.6 + 7.9 yrs (2008 vs. 
1994). No case with the age 20-29 yrs and 5% of the patients with age 30-39 
in 1994, but 2% with the age 20-29 and 16% cases with the age 30-39 yrs in 
2008. BMI was increased from the 24.48 + 4.15 in 1994 to 26.03 + 3.63 in 
2008. Abnormal percentage of the patients with BMI ≥25kg/m2, WHR ≥ 0.90 
(male) or ≥ 0.85 (female) increased significant from 63.6 %, 75.0% and 71.4% 
in 1994 to 79.6 %, 95.2 % and 93.8 % in 2008. Both SBP and DBP were not sig-
nificantly changed. The fasting blood and postprandial blood glucose,HbA1c 
decreased from 10.3 mmol/L, 15.2 mmol/L, 11.1% in 1994 to 9.0 mmol/L and 
14.3 mmol/L, 8.6% in 2008, respectively. The average TG level increased from 
1.7 mmol/L in 1994 to 2.1 mmol/L in 2008, however, TC and HDL level were 
no significant changed. The prevalence of patients with diabetic retinopa-
thy decreased from 28.2%, 25.0%, 39.2%, 28.9%, 14.9%, 8.4%, 11.1%, 6.1%, 
11.2%, 8.4%, 4.5%, 4.0%, 4.1%, 3.5%, 3.9% from 1994 to 2008. The prevalence 
of diabetic nephropathy increased from 17.7% in 1994 to 24.6% in 2008. The 
prevalence of diabetic cardiovascular disease increased from 14.3% in 1994 to 

24.1% in 2008. Compared with the patients without microvascular complica-
tions, the patients with microvascular complications had higher SBP, DBP 
and HbA1c (136/78 vs. 130/77 mmHg, 9.41% vs. 9.11%). The patients with 
macrovascular complications had higher age, SBP, TC and TG than those 
without macrovascular complications (53.4 vs. 50.0 yrs; 132 vs. 129 mmHg; 
5.3 vs. 5.1 mmol/L and 2.6 vs. 2.1 mmol/L).
Conclusion: The younger percentage of the newly diagnosed diabetic pa-
tients in china is bigger. The macrovascular factors impacts these patients, 
such as obese and hyper TC and TC levels, higher systolic blood pressure, 
even if the prevalence of diabetic retinopathy decreased significantly.
We thank the Beijing capital medical development grant for supporting this 
study
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Sex and all-cause mortality in hospitalized patients with type 2 diabetes 
mellitus
P.S. Koureta1, E. Gouveri2, A.E.G. Alaveras2; 
11st Medical Department, Tripolis, 21st Medical Department, Athens, 
Greece.

Background and aims: Many clinicians believe that diabetes mellitus exerts 
an excess risk of death among those patients in need of hospitalization for 
any reason. Women with diabetes in particular seem to suffer an excess risk 
of death due to cardiovascular risk factors, a risk that has not been adequately 
studied for patients hospitalized for other complications such as an infection.
Materials and methods: A retrospective cohort study was conducted, com-
paring all patients with any common infection hospitalized in our clinic dur-
ing a decade, (1990-2000), to matched (for age and sex) patients hospitalized 
for any reason other than infection. The risk ratios of death according to sex, 
as well as that attributable to diabetes mellitus and to infectious disease, be-
tween those with and without diabetes were calculated, using multiple logis-
tic regression analysis models.
Results: The cohort consisted of 4959 patients, 2583 hospitalized for any com-
mon infection (491(19.01%) with diabetes and 2092 without) and 2376 pa-
tients, matched for age and sex, hospitalized for any reason other than infec-
tion (337(14.18%) with diabetes and 2039 without). There were 96(11.59%) 
deaths among the 828 diabetic patients and 406(9.83%) deaths among the 
4131 non-diabetic patients. The overall risk of death, for patients hospital-
ized for any reason, did not differ between patients with and without diabe-
tes (OR=0.91 95% CI 0.53-1.56). There were 36(11.80%) deaths among 305 
diabetic men and 60(11.47%) deaths among 523 diabetic women. The risk of 
death did not differ between diabetic and non-diabetic patients according to 
sex (interaction OR=1.58 95% CI 0.94-2.66). There were 174(14.77%) deaths 
among 1178 men and 149(10.60%) deaths among 1405 women hospitalized 
with any common infection. The risk of death did not differ between diabetic 
and non-diabetic patients with concomitant infection (interaction OR=0.95 
95% CI 0.61-1.48), after sex was taken into account.
Conclusion: Diabetes mellitus did not seem to exert an excess risk of dying 
for those patients in need of hospitalization for any reason, a result that did 
not differ even for diabetic patients with concomitant complications, such as 
any common infection. Women with diabetes do not seem to suffer an excess 
risk of dying when in need of hospitalization for any reason compared to 
their men counterparts.

298
Is diabetes mellitus linked to an increased risk of cancer?
M. Alves1, C. Neves1, M. Pereira1, F. Lopes2, J.L. Medina1; 
1Endocrinology Service, 2Hospital de São João, Porto, Portugal.

Background and aims: Some studies have shown an association between 
obesity, hiperinsulinemia, insulin resistance and type 2 diabetes and an in-
creased risk of developing certain kinds of cancer. It is our aim to evaluate 
the prevalence of cancer in diabetic and nondiabetic patients admitted to a 
central hospital in the north of Portugal between 1999 and 2008.
Materials and methods: We retrospectively analysed data from all inpatients 
that satisfied the International Classification of Diseases (9th version) criteria 
for cancer disease and diabetes between 1999 and 2008. Statistical analysis 
was performed with Student’s t-test. A two-tailed p value < 0.05 was consid-
ered significant.
Results: During the period of the study there were a total of 980128 admis-
sions, 4743 of which with the diagnosis of diabetes mellitus and cancer, and 
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23032 with cancer without diabetes. They were 20092 men and 14867 women 
with a mean age of 61,9 years old in the group of diabetic patients with can-
cer, and 20092 men and 14867 women with a mean age of 54,1 years old in 
the nondiabetic group with cancer. We found no positive correlations be-
tween diabetes and cancer. Instead, there were positive correlations between 
nondiabetic status and cancer. Prevalence of ear, nose, mouth and throat can-
cers (2.43% vs 2.47%; r=0.848, p=0.002), respiratory system cancers (2.34% 
vs 2.56%; r=0.708, p=0.033), digestive malignancy (1.78% vs 2.43%; r=0.763, 
p=0.017), bone and joint malignancies (2.39% vs 2,51%; r=0.805, p=0.009), 
breast cancer (2.44% vs 2.47%; r=0.942, p=0.000), kidney and urinary tract 
cancers (1.8% vs 2.5%; r=0.736, p=0.024), male reproductive system cancers 
(1.5% vs 2.4%; r=0.881, p=0.001) and female reproductive system cancers 
(2.59% vs 7.02%, r=0,888, p=0.001) was significantly higher in nondiabetic 
than in diabetic patients. There were no significant differences in the preva-
lence of nervous system, hepatobiliar and pancreatic malignancies in diabetic 
and nondiabetic patients.
Conclusion: Unlike other studies, we did not find any positive correlation 
between diabetes mellitus and cancer. Although many issues may be respon-
sible for these results, we also think that it is possible that the more recent 
advised use of insulinsensitizers, such as metformin or glytazones, could be 
responsible for the mitigation of our results.

299
New onset diabetes mellitus after kidney transplantation in Denmark
M. Hornum1, K.A. Jørgensen2, J.M. Hansen3, F. Thomsen-Nielsen4,  
E.R. Mathiesen5, B. Feldt-Rasmussen1, NODM Study Group; 
1Nephrology, Rigshospitalet, Copenhagen, 2Nephrology, Skejby University 
Hospital, Aarhus, 3Nephrology, Herlev University Hospital, Copenhagen, 
4Nephrology, Odense University Hospital, 5Endocrinology, Rigshospitalet, 
Copenhagen, Denmark.

Background and aims: To investigate the development of new onset diabetes 
mellitus (NODM) in a prospective study of 89 non-diabetic patients on the 
Danish waiting list for kidney transplantation.
Materials and methods: Included were 48 kidney recipients (Tx-group, age 
39±13 years, males/females 33/15). 41 uremic patients on the waiting list for 
kidney transplantation served as controls (controls, age 47±11 years, males/
females 29/12). All were examined at baseline before transplantation and af-
ter 12 months. The prevalence of diabetes, pre-diabetes, insulin sensitivity 
index (ISI) and insulin secretion index (ISecr) were estimated, using an oral 
glucose tolerance test with measurements of plasma-glucose and -insulin.
Results: NODM was present in 13% (6/48, p=0.03) at one year after trans-
plantation when 44 % received tacrolismus, 56 % ciclosporin, 94 % predniso-
lon (average 6 mg) and 96 % mycophenolate mofetil. Only one patient in 
the control group developed NODM. At baseline 27% had prediabetes in the 
Tx-group. ISI in the Tx-group deteriorated from 7.4±4 to 5.3±3 at 0 and 12 
months after transplantation (p=0.005). In the controls, ISI was 8.2±5 and 
8.5±5 (NS). The ISecr improved in the Tx-group compared with controls, 
(p=0.01 between groups). Within groups, ISecr in the Tx-group changed 
from 35 ±19 to 42±25 between 0 to 12 months (p=0.06) compared with 30 
±17 to 27±15 in controls (NS).
Conclusion: One year after kidney transplantation NODM was present in 
13%. This was mainly due to a further increase in insulin resistance and was 
observed despite of an improved insulin secretion.
Supported by: The Danish Kidney Foundation, Ejner and Helen Bjørnow Foun-
dation and Rigshospitalet fellowship
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Cardiovascular risk factors in the Netherlands over 17 years: results from 
the Hoorn Study and the New Hoorn Study
E. van ‘t Riet1,2, M. Alssema1,2, G. Nijpels1,3, J.M. Dekker1,2; 
1EMGO Institute for Health and Care Research, 2Department of 
Epidemiology and Biostatistics, 3Department of General Practice, VU 
University Medical Center, Amsterdam, Netherlands.

Background and aims: Since repeated data on the level of cardiovascular risk 
factors from epidemiological studies are lacking, little is known on the chang-
es in cardiovascular risk factors in the general population of the Netherlands. 
Therefore, our aim was to describe the changes in blood glucose, lipid profile, 
blood pressure and adiposity over 17 years in the Netherlands.
Materials and methods: Data from two random samples of the Dutch popu-
lation (50-65 years old) were used: 1592 participants from the Hoorn Study 
(1989) and 1718 participants from the New Hoorn Study (2006). Fasting 
plasma glucose (FPG), plasma glucose 2 hours after an oral glucose toler-
ance test (OGTT) with a 75 g glucose load (2hrPG), HbA1c, cholesterol (to-
tal, HDL and LDL) and triglycerides were determined. In addition, weight, 
height, systolic blood pressure, diastolic blood pressure and waist circumfer-
ence were measured.
Results: Between 1989 and 2006, mean HbA1c increased significantly in 
both sexes, while mean 2hrPG increased in men only and no change was ob-
served in the prevalence of diabetes (Table 1). Significantly better mean levels 
of cholesterol (lower total and LDL cholesterol, higher HDL cholesterol) and 
triglycerides were present in 2006. Mean systolic blood pressure increased 
significantly, especially in men. Mean body mass index (BMI) and waist cir-
cumference showed a significant increase in men only.
Conclusion: A significant increase in mean HbA1c, 2hrPG, systolic blood 
pressure, BMI and waist circumference was observed between 1989 and 2006 
in the general 50-65-year old population of the Netherlands, especially in 
males. In contrast, lipid profile became more favourable in both sexes and no 
change was observed in the prevalence of diabetes.

Table 1. 

TOTAL MALES FEMALES
HS 1989 NHS 2006 HS 1989 NHS 2006 HS 1989 NHS 2006

N (%) 1592 1718 755 (30.4) 821 (32.9) 837 (33.7) 897 (36.0)
Age (years) 57.2 (4.2) 57.0 (4.3) 57.0 (4.2) 57.3 (4.3) 57.3 (4.3) 56.8 (4.3)*
FPG (mmol/l) 5.7 (1.4) 5.7 (1.0) 5.8 (1.2) 5.8 (1.1) 5.6 (1.6) 5.5 (0.9)
2hrPG (mmol/l) 5.7 (2.7) 6.0 (2.5)* 5.7 (2.6) 6.1 (2.8)* 5.8 (2.7) 5.9 (2.3)
HbA1c (%) 5.4 (0.8) 5.5 (0.5)* 5.4 (0.7) 5.5 (0.6)* 5.4 (0.8) 5.5 (0.5)*
Diabetes (%)
(FPG ≥ 7.0 mmol/l 
and/or 2hrPG ≥ 
11.1 mmol/l or 
known diabetes)

7.8 7.9 8.8 9.1 6.9 6.7

Total cholesterol 
(mmol/l)

6.6 (1.2) 5.7 (1.0)* 6.5 (1.1) 5.4 (1.0)* 6.8 (1.2) 5.7 (1.0)*

HDL cholesterol 
(mmol/l)

1.3 (0.4) 1.5 (0.4)* 1.2 (0.3) 1.4 (0.3)* 1.4 (0.4) 1.7 (0.4)*

LDL cholesterol 
(mmol/l)

4.6 (1.1) 3.4 (0.9)* 4.5 (1.0) 3.3 (0.9)* 4.7 (1.2) 3.5 (0.9)*

Triglycerides 
(mmol/l)#

1.6 (1.1) 1.5 (1.0)* 1.7 (1.1) 1.6 (1.2)* 1.5 (1.0) 1.4 (0.7)*

Systolic blood pres-
sure (mmHg)

130.9 
(18.4)

135.5 
(18.2)*

131.8 
(17.0)

137.4 
(16.5)*

130.2 
(19.6)

133.7 
(19.4)*

Diastolic blood 
pressure (mmHg)

82.1 
(10.2)

77.6 (10.3)*83.8 (9.3) 80.5 (9.8)* 80.7 (10.7) 75.4 (10.3)*

BMI (kg/m2) 26.4 (3.5) 26.4 (3.9) 26.2 (3.0) 26.7 (3.5)* 26.5 (3.9) 26.2 (4.2)
Waist (cm) 90.1 

(10.8)
90.9 (11.4)*94.7 (10.0) 95.7 (10.0)*86.0 (10.7) 86.5 (10.9)

Data are presented as mean (standard deviation) or percentage
* p ≤ 0.05
# log transformed before testing
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Central obesity and cardiovascular risk factors in south Asians and white 
Europeans with type 2 diabetes. A report from the United Kingdom 
Asian Diabetes Study (UKADS)
A. Tahrani1,2, S. Bellary3, P. O’Hare4,5, S. Mughal3,2, N. Raymond4, K. Johal5, 
S. Kumar4,5, A.H. Barnett1,2, A. Rahim3; 
1University of Birmingham, 2The Biomedical Unit, Birmingham, 3Heart 
of England NHS Foundation Trust, Birmingham, 4University of Warwick, 
Coventry, 5Warwickshire Institute of Diabetes Endocrinology and 
Metabolism (WISDEM), Coventry, United Kingdom.

Background: The relation between waist circumference (WC) and cardiovas-
cular risk factors (CVD-RF) has not been well-studied in South Asians (SA) 
with type 2 diabetes (T2D).
Aims: To assess and compare CVD-RF between SA and White Europeans 
(WE) with T2D at different degrees of central obesity.
Methods: A cross-sectional study. SA and WE, above 35 years of age, with 
T2D from the UKADS were included. CVD-RF defined as hypertension 
(HTN) (BP>140/80mmHg or the use of anti-hypertensives), hypercholeste-
rolemia (total cholesterol>4mmol/l or on lipid lowering treatment) and/or 
nephropathy (ACR>2.5 and 3.5 for men and women respectively). WC was 
divided into 5 groups in women (≤80cm, 80.01-90, 90.01-100, 100.01-110, 
>110, categories 1-5 respectively) and men (≤90cm, 90.01-100, 100.01-110, 
110.01-120, >120, categories 1-5 respectively). Data presented as medians or 
frequencies
Results: 1486 SA and 492 WE (52% and 58% males respectively). Partici-
pants’ characteristics: SA vs. WE: age (56 vs 66 years. P<0.001), BP-systo-
lic (139vs 142mmHg, p<0.001), BP-diastolic (83 vs 83 mmHg, p=0.2), LDL 
(2.3 vs 1.9mmol/l, p<0.001), HDL (1.2 vs 1.4 mmol/l, p<0.001), Trigs (2.49 
vs 2.03 mmol/l, p<0.001), HbA1c (7.9 vs 6.9%, p<0.001), diabetes duration 

6 vs 4 years, p<0.001), HTN (83 vs 93%, p<0.001), hypercholesterolemia (90 
vs 91%, p=0.4), nephropathy 27 vs. 26%, p=0.4). CVD-RF in SA and WE in 
relation to WC categories is summarised in Table 1 (data presented as me-
dians). The prevalence of HTN, hypercholesterolemia or nephropathy was 
not different between SA and WE across WC categories. The differences in 
HDL, trigs and HbA1c could not be accounted by differences in medications 
between groups. WE were on more statins than SA. However, linear regres-
sion showed that ethnicity is independently related to LDL levels (B: 0.13, 
p=0.003) in a model that includes all anti-lipid and anti-diabetic therapy.
Conclusions: In T2D, SA had higher LDL, HbA1c, Trigs and lower HDL lev-
els compared to WE with a similar WC despite being younger. Aggressive 
CVD-RF management in this group is needed. Despite having higher LDL 
levels, fewer SA were prescribed statins.

AT is a research fellow supported by the NIHR
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Changes in all-cause and CVD mortality in three Finnish middle-aged 
population cohorts with and without diabetes during a 10-year follow-up
N.C. Barengo, J.O. Tuomilehto; 
Public Health, University of Helsinki, Finland.

Background and aims: When diabetes is increasing in many populations, it 
may result in a leveling off of the decrease in all-cause and cardiovascular dis-
ease (CVD) mortality. This may be called ‘diabetes-cardiovascular risk para-
dox’. The objective of this study was to assess changes in all-cause mortality 
rates among people with and without diabetes between three large study co-
horts with baseline assessments 10 years apart and followed up for 10 years.
Material and methods: Six population surveys were carried out in 1972, 
1977, 1982, 1987, 1992 and 1997 in randomly selected independent cohorts 
in North Karelia and Kuopio, Eastern Finland. For the analyses the 1972 and 
1977 cohorts (cohort 1), the 1982 and 1987 cohorts (cohort 2) and the 1992 
and 1997 cohorts (cohort 3) were combined and followed-up for 10 years 
regarding all-cause and CVD mortality. The patients developing incident dia-

CV risk factors in South Asians (SA) and White Europeans (WE) in regard 
to waist circumference (WC).
WC category CVD-RF Women Men

SA WE P SA WE P
1 BP-systolic 136 136 0.6 138 134 0.7

BP-diastolic 76 77 0.7 82 78 0.003
LDL 3.9 2.6 0.4 2.4 2 0.2
Trigs 1.9 1.1 0.1 2.1 0.9 <0.001
HDL 1.1 2.4 0.003 1.2 1.6 <0.001
HbA1c 8.4 7.1 0.08 8.1 6.4 <0.001

2 BP-systolic 134 146 0.09 140 143 0.01
BP-diastolic 81 80 0.4 83 82 0.9
LDL 2.5 2.0 0.03 2.3 1.9 0.03
Trigs 1.8 1.6 0.3 2.1 1.4 <0.001
HDL 1.3 1.7 <0.001 1.1 1.4 <0.001
HbA1c 7.8 6.4 <0.01 8 6.9 <0.001

3 BP-systolic 134 140 0.1 141 146 0.008
BP-diastolic 82 85 0.4 85 85 0.7
LDL 2.9 1.7 <0.001 2.3 1.7 <0.001
Trigs 2 1.7 0.009 2.2 2 0.2
HDL 1.3 1.6 <0.001 1.1 1.3 0.002
HbA1c 8 6.7 <0.001 7.6 6.7 <0.001

4 BP-systolic 138 141 0.2 145 144 0.5
BP-diastolic 83 80 0.06 86 82 0.2
LDL 2.4 1.9 0.003 2.1 1.7 0.049
Trigs 2.2 2 0.4 2 2.1 0.9
HDL 1.3 1.4 0.001 1.1 1.2 0.4
HbA1c 7.9 6.9 <0.001 7.9 7 0.004

5 BP-systolic 136 139 0.3 140 141 0.6
BP-diastolic 84 86 0.7 86 84 0.6
LDL 2.2 1.9 0.1 2.3 2.2 0.6
Trigs 2.2 1.9 0.01 1.8 2 0.9
HDL 1.2 1.4 <0.001 1.1 1.1 0.5
HbA1c 8 7.2 <0.001 7.3 7 0.4

Table 1. Multiple adjusted1 Hazard Ratio (HR) of cardiovascular disease (CVD) mortal-
ity among men and women by diabetes status and by age group. 

Cohort 1 Cohort 2 Cohort 3
Deaths (HR) 95% CI Deaths (HR) 95% CI Deaths (HR) 95% CI

Men
No diabetes
All 417 1.0 Ref 117 0.75 0.60-0.93 26 0.37 0.25-0.57
25-49 years-
old

157 1.0 Ref 27 0.75 0.49-1.15 7 0.52 0.24-1.15

50-64 years 
old

260 1.0 Ref 90 0.76 0.59-0.98 19 0.32 0.20-0.53

Diabetes2

All 31 1.0 Ref 12 0.61 0.30-1.23 3 0.25 0.07-0.87
25-49 years-
old

9 1.0 Ref 0 - - 1 0.33 0.04-3.12

50-64 years 
old

22 1.0 Ref 2 0.76 0.35-1.65 2 0.22 0.05-1.03

Women
No diabetes
All 117 1.0 Ref 27 0.60 0.38-0.93 7 0.31 0.14-0.70
25-49 years-
old

33 1.0 Ref 4 0.45 0.15-1.32 2 0.49 0.11-2.28

50-64 years 
old

84 1.0 Ref 23 0.57 0.35-0.92 5 0.24 0.09-0.62

Diabetes2

All 32 1.0 Ref 23 1.50 0.84-2.68 1 0.14 0.02-1.04
25-49 years-
old

2 1.0 Ref 3 8.34 0.77-90.480 - -

50-64 years 
old

30 1.0 Ref 20 1.33 0.72-2.45 1 0.13 0.02-1.04

1adjusted for age, education, smoking, systolic blood pressure, serum cholesterol and 
BMI
2baseline diabetes or diabetes during 10-year follow-up
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betes during the follow-up or having diabetes at baseline were derived from 
the national drug reimbursement records of the Social Insurance Institution 
and the hospital admission records of the National Hospital Discharge Regis-
ter by computer-based record linkage.
Results: A total of 17 361 men and 18 707 women were followed up for 10 
years. The risk of all-cause mortality decreased in cohort 3 compared to the 
first two cohorts in both men and women who did not develop type 2 diabe-
tes during the follow-up. CVD mortality decreased in cohort 2 and 3 com-
pared to cohort 1 in both gender. In men with diabetes, all-cause mortality 
did not significantly change during the follow-up. The Hazard Ratio (HR) 
for all-cause mortality after adjustment for age, education, smoking, systolic 
blood pressure, BMI and serum cholesterol was 0.84 in cohort 2 (95% CI 
0.51-1.38) and 0.57 in cohort 3 (95% CI 0.28-1.18). No statistically significant 
changes regarding all-cause mortality were observed in women in cohort 2 
(HR 1.54; 95% CI 0.96-2.49) or cohort 3 (HR 0.59; 95% CI 0.23-1.49), either. 
The respective HRs for CVD mortality was 0.61 (cohort 2; 95% CI 0.3-1.23) 
and 0.25 (cohort 3; 95% CI 0.07-0.87) in men and 1.50 (cohort 2; 95% CI 
0.84-2.68) and 0.14 (cohort 3; 95% CI 0.02-1.04) in women.
Conclusions: While all-cause and CVD mortality seems to decrease in the 
non-diabetic segment of the population, no changes have been observed in 
women with diabetes. Only men of the latest cohort had a reduced CVD mor-
tality rate. Special attention should be given to prevent the onset of diabetes in 
the population and to intensify the management of patients with diabetes.
Supported by: the Finnish Foundation of Cardiovascular Research
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Impact of quality of HbA1c control and changes in HbA1c level on 
cardiovascular events in a population based study with type 2 diabetes: 
The Diabetes In Germany (DIG) Study
M. Hanefeld, C. Koehler, I. Benke, J. Stelzer, P. Ott; 
Center for Clinical Studies, GWT-TUD GmbH, Dresden, Germany.

Background and aims: Significance of HbA1c control in patients with long-
term diabetes is still a matter of debate. So far little is known on significance 
of HbA1c and its change in late phases of the disease as independent risk 
factor in populations with HbA1c in the range of 7%.
We therefore analyzed incidence of major cardiovascular events (MACE) (1) 
in relation to established targets of HbA1c and (2) in relation to change over 
follow-up.
Material and methods: 4020 unselected patients with type 2 diabetes aged 
35-80 years from 238 sites, follow-up 3.7 years, 2959 completed the study or 
died (n=175, 5.98%), 2213 (89.8%) had no MACE at baseline. MACE was 
history of myocardial infarction and/or coronary revascularisation and/or 
stroke. Change of HbA1c was greater or equal +0.3% or lower or equal -0.3% 
from HbA1c at baseline versus stability: no change in the interval ±0.3%.
Results: Average HbA1c at baseline was 7±1.2%, after 3.7 years 7.03±1.08%, 
diabetes duration 8.4 years. 251 (10.2%) patients reported a first event dur-
ing follow-up. 845 patients had HbA1c lower than 6.5% with an event rate of 
6.9%. The corresponding figures for HbA1c between 6.5% and 7% were 463 
(7.2%), for HbA1c between greater or equal than 7 and 8% 550 (7.3%) and 
for HbA1c greater or equal than 8% 354 (9%). Change was associated with 
a significantly higher event rate: greater than +0.3% 8.1% events, lower than 
-0.3% 7.9% vs. stability (4.9%, p=0.03). In stepwise regression analysis with 
major risk factors age, smoking, male sex and HbA1c change in both direc-
tions were independent predictors of newly reported cardiovascular events.
Conclusions: In a German population based cohort of patients with aver-
age HbA1c of 7% level of diabetes control had no effect on cardiovascular 
event rate. However, change of HbA1c in both directions was associated with 
a significantly increased cardiovascular risk. Event rate was in the same range 
whether IDF or ADA target level was applied.
Supported by: Pfizer
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Prediciton of recurrent cardiovascular events in a general, pre-diabetic 
and diabetic population. The Hoorn Study
G. Nijpels1, A.A.W. van der Heijden1, M. Alssema1, S.D.M. Bot1,  
C.D.A. Stehouwer2, J.M. Dekker1; 
1The EMGO Institute for Health and Care Research, VU University Medical 
Center, Amsterdam, 2Maastricht University Medical Centre, Netherlands.

Background: Several prediction formulas exist to estimate the risk of a first 
cardiovascular event in a general population as well as in a population with 
type 2 diabetes. Characteristics such as blood pressure, cholesterol, smok-
ing status and diabetes are known predictors for a first cardiovascular event, 
with addition of glycemic level (HbA1c) in the diabetes population. Because 
of the increase in obesity and diabetes prevalence worldwide, and improved 
care after a first cardiovascular event, the number of people at risk for a re-
current cardiovascular event is growing. Less is known about predictors of 
a recurrent cardiovascular event in the general population, in a population 
with intermediate hyperglycemia or persons with type 2 diabetes. The aim of 
this study is to investigate 1) differences in absolute risk of a recurrent event 
between persons with normal glucose tolerance, intermediate hyperglycemia, 
and type 2 diabetes, and 2) which characteristics are predictors of a recurrent 
cardiovascular event in the general population, and in persons with interme-
diate hyperglycemia or type 2 diabetes.
Methods: The Hoorn study is a population-based cohort study among 2484 
men and women, aged 50-75 at the baseline examination in 1989. Of these, 
515 participants had a history of cardiovascular disease at baseline or devel-
oped a first event during 10-years of follow-up (ICD-codes: 390-459), and 
were at risk for a recurrent event. We identified significant predictors of a 
recurrent cardiovascular event during follow-up (ICD-codes: 390-459, 789) 
by Cox proportional hazards models using stepwise backward strategy.
Results: During a mean of 5.3 years of follow-up, 176 (34%) second cardio-
vascular events had occurred. In the total population, male sex, increasing 
age, higher level of triglycerides and higher glycemic level predicted a recur-
rent cardiovascular event. When stratified by glucose status, a recurrent event 
occurred in 31% of persons with normal glucose tolerance and in 34% of per-
sons with intermediate hyperglycemia. The highest percentage of recurrent 

Table. Predictors of a recurrent cardiovascular event stratified by glucose 
status group 
General population HR p-value
Male sex 1.59 (1.16 - 2.16) 0.004
Age (years) 1.06 (1.03 - 1.09) <0.001
Triglycerides (mmol/L) 1.26 (1.09 - 1.45) 0.002
HbA1c (%) (continuous) 1.16 (1.01 - 1.32) 0.030

Normal glucose tolerance 
Male sex 1.54 (1.02 - 2.30) 0.038
Age (years) 1.07 (1.04 - 1.10) < 0.001
Triglycerides (mmol/L) 1.31 (1.02 - 1.67) 0.032

Intermediate hyperglycemia
HbA1c (%) ≤ 5.5

> 5.5
1 (referent)
2.24 (1.08 - 4.65)

0.030

Male sex 2.76 (1.34 - 5.69) 0.006
Triglycerides (mmol/L) 1.50 (1.17 - 1.93) 0.001

Type 2 diabetes
HbA1c (%) ≤ 6.0

6.0 - 7.0
>7.0

1 (referent)
3.01 (1.14 - 7.91)
3.11 (1.35 - 7.19)

0.026
0.008

Total/HDL cholesterol ratio 1.17 (1.00 - 1.38) 0.054

Intermediate hyperglycemia or type 2 diabetes
HbA1c (%) ≤ 6.0

6.0 - 7.0
>7.0

1 (referent)
1.87 (1.06 - 3.31)
2.62 (1.48 - 4.63)

0.031
0.001

Total/HDL cholesterol ratio 1.16 (1.04 - 1.28) 0.006
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cardiovascular events was observed in the population with type 2 diabetes 
(46%). In participants with intermediate hyperglycemia or type 2 diabetes, 
glycated hemoglobin was a main predictor.
Conclusions: The results of this study suggest that risk factors for a recurrent 
cardiovascular event differ from the known risk factors for a first event. Fur-
thermore, the predictors for the population with intermediate hyperglycemia 
or type 2 diabetes were different compared to subjects without glucose abnor-
malities. Glycemic level was an important predictor in the general population 
as well as in persons with intermediate hyperglycemia or type 2 diabetes.

Supported by: the Netherlands Organization for Health Research and Develop-
ment (ZonMw)
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Association between the metabolic syndrome and coronary artery 
disease or ankle-arm index: mediation by low-grade inflammation and/
or endothelial dysfunction (the CODAM study)
M. Jacobs1,2, M.M.J. van Greevenbroek1,2, C.J.H. van der Kallen1,2, I. 
Ferreira3,1, E.E. Blaak4, E.J.M. Feskens5, C.G. Schalkwijk1,2,  
C.D.A. Stehouwer1,2; 
1Department of Internal Medicine, Maastricht University Medical Centre, 
2Cardiovascular Research Institute Maastricht (CARIM), Maastricht 
University Medical Centre, 3Department of Clinical Epidemiology and 
Medical Technology Assessment, Maastricht University Medical Centre, 
4Department of Human Biology, Maastricht University Medical Centre, 
5Division of Human Nutrition, Wageningen University, Maastricht, 
Netherlands.

Background: The Metabolic Syndrome (MetS) is associated with both coro-
nary artery disease (CAD) and peripheral arterial disease and these associa-
tions may be related to low-grade inflammation and/or endothelial dysfunc-
tion.
Aim: To address the role of low-grade inflammation and endothelial dys-
function in the associations between the metabolic syndrome and CAD or 
ankle-arm index (AAIx; an available and reproducible method for the detec-
tion of peripheral arterial disease).
Methods: The study population consisted of 574 subjects (age: 59.6 + 7.0 
years, 61.3% men, 54.7% MetS; NCEP-ATP 2005 criteria) from the Cohort 
Study Diabetes and Atherosclerosis (CODAM) cohort. Presence of CAD was 
assessed by extensive questionnaires and ECG. The AAIx was calculated by 
dividing the highest of the ankle pressures (dorsalis pedis or tibial arteries) in 
either leg by the highest pressure at the brachial artery. The following biomar-
kers markers were measured in fasting plasma: (1) markers of inflammation 
(C-reactive protein, IL6, serum amyloid A, ceruloplasmin, haptoglobin, 
soluble intercellular adhesion molecule) and (2) markers of endothelial dys-
function (soluble vascular cell adhesion molecule, e-selectin, von Willebrand 
factor). Each biomarker was transformed into a Z-score and an inflamma-
tion score and an endothelial score were then calculated as the average of 
the Z-scores of the six inflammation markers and as the average of the three 
markers of endothelial dysfunction, respectively. Multiple logistic and linear 
regression analyses were used to determine the associations of the metabolic 
syndrome, low-grade inflammation and endothelial dysfunction with CAD 
or AAIx (outcomes), adjusted for age, sex and smoking. 
Results: The MetS was associated with CAD (OR (95% CI) = 1.75 (1.14-2.69), 
p=0.011). Adjusting this association for the inflammation score, the strength 
of this association was reduced by 26%, but adjustment for endothelial dys-
function did not affect the strength of the association (attenuation <6%).
The MetS was also associated with AAIx (β (95% CI) = -0.036 (-0.056; -
0.016), p<0.001). Adjusting for the inflammation score reduced the strength 
of this association by 28% and for endothelial dysfunction the strength of 
this association was reduced by 19%. When low-grade inflammation and the 
endothelial score were included simultaneously into the model, the strength 
of the association was reduced by 36% (β (95% CI) = -0.023 (-0.004; -0.002), 
p=0.035).
Conclusion: Low-grade inflammation, but not endothelial dysfunction can 
partly explain the association between the metabolic syndrome and CAD. On 
the other hand, both low-grade inflammation and endothelial dysfunction 
can each independently explain part of the association between the metabolic 
syndrome and AAIx.
Supported by: the Netherlands Organisation for Scientific Research and Dutch 
Diabetes Research Foundation
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Metabolic syndrome vs Framingham risk score for association of 
coronary heart disease: the Korean Health and Nutrition Examination 
Survey, 2005
D.-J. Kim, J.-H. Noh, J.-H. Park, K.-S. Ko, B.-D. Rhee, K.-H. Lim; 
Department of Internal Medicine, Inje University College of Medicine, 
Koyang, Republic of Korea.

Background and Aim: Although many studies have been shown that meta-
bolic syndrome (MS) is associated with significantly increased risk of de-
veloping coronary heart disease (CHD), recent several studies in Western 
population, indicate that MS is inferior to the Framingham Risk Score (FRS), 
one of traditional risk scoring system, in predicting CHD. However there has 
been no study about predictability of MS vs. FRS for CHD in Far-East Asian 
population. We have assessed the relative associations of MS using National 
Cholesterol Education Program (NCEP) criteria vs. FRS with CHD in na-
tional representative cohort of South Korea.
Population and Methods: This study was based on the data obtained from the 
third Korea National Health and Nutrition examination Survey (KNHANES 
III) among non-institutionalized civilians in the Republic of Korea, which was 
conducted by the Korean Ministry of Health and Welfare in 2005. This survey 
is a nationwide representative study using a stratified, multistage probability 
sampling design for the selection of household units. A total of 34,145 individ-
uals from these sampling frames were included in the health interview survey; 
among them, 5,497 persons aged 18 to 99 years were identified as participants 
in our study, with laboratory test and nutritional survey data. Trained inter-
viewers visited participant’s homes and administered a standardized question-
naire on daily life style. The participants were, also, asked to recall a physi-
cian’s diagnosis of CHD (angina or myocardial infraction). MS was defined by 
NCEP criteria. The FRS for CHD was calculated for each participants.
Results: Median age in this study population were 46 (18-92) in men 
(n=2355) and 45 (18-99) years in women (n=3142). Body mass index were 
24.0 3.1 in men and 23.5
3.4 kg/m2 in women. Prevalence of self-reported CHD was 1.7% in men and 
2.1% in women. Participants were categorized according to quintiles of FRS 
in each sex. Receiver-operating characteristics (ROC) curves and their re-
spective areas under the curve (AUCs) were used to compare the ability of 
the FRS and the number of components of metabolic syndrome to predict 
CHD in each sex. In men, AUC of FRS was significantly larger than that of 
MS [0.763 (0.707-0.819) vs. 0.628 (0.542-0.714), p<0.01]. In women, AUC 
of FRS was comparable to that of MS [0.776(0.728-0.824) vs. 0.734 (0.674-
0.795), not significant].
Conclusion: The study showed that FRS was more closely associated with 
CHD compared to MS in Korean men.
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Prevalence of cardiovascular disease in people with diabetes with and 
without schizophrenia: a population-based cohort study
L.C. Bresee1, S.R. Majumdar2, S.B. Patten3, J.A. Johnson1; 
1School of Public Health, University of Alberta, Edmonton, 2Department of 
Medicine, University of Alberta, Edmonton, 3Departments of Community 
Health Sciences and Psychiatry, University of Calgary, Canada.

Background and aims: Individuals with diabetes have a high prevalence of 
cardiovascular (CV) risk factors and cardiovascular disease (CVD), as do in-
dividuals with schizophrenia. It is unclear, however, whether the prevalence 
of CVD is further increased in people with diabetes and schizophrenia. The 
objective of this study was to evaluate prevalence of CV risk, CVD, and revas-
cularization procedures in people with diabetes and schizophrenia compared 
to people with diabetes only.
Materials and methods: A population-based cohort study was used to evalu-
ate the study objective. Information from the databases of Alberta Health 
and Wellness was used to create the cohort, and included all individuals aged 
20 years and older with diabetes in the Canadian province of Alberta from 
1995 to 2006. Individuals with diabetes were identified using criteria from 
the Canadian National Diabetes Surveillance System. Schizophrenia, CV risk 
(hypertension, dyslipidemia), CVD (congestive heart failure [CHF], stroke, 
acute coronary syndrome, ischemic heart disease, arrhythmia, old myocar-
dial infarction), and revascularization procedures (coronary artery bypass 
grafting, percutaneous transluminal coronary angioplasty) were identified 
using physician claims data, ambulatory care data, and hospitalization data. 
Prevalence of CV risk, CVD, and revascularization was compared using mul-
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Vitamin D deficiency is associated with type 2 diabetes mellitus and 
insulin resistance in 3290 patients referred to coronary angiography
S. Pilz1, A. Tomaschitz1, B.O. Boehm2, B.R. Wimkelmann3, W. März4; 
1Department of Internal Medicine, Division of Endocrinology and Nuclear 
Medicine, Medical University of Graz, Austria, 2Department of Internal 
Medicine I, Division of Endocrinology and Diabetes, Ulm University, 
Germany, 3Cardiology Group, Frankfurt-Sachsenhausen, Germany, 4Synlab, 
Centre of Laboratory Diagnostics, Heidelberg, Germany.

Background and aims: There is accumulating molecular and epidemiologi-
cal evidence that vitamin D is important for beta-cell function and glucose 
metabolism. We aimed to evaluate whether 25-hydroxyvitamin D (25[OH]D) 
is associated with type 2 diabetes mellitus and insulin resistance in patients 
with an indication for coronary angiography.
Materials and Methods: 25(OH)D was determined in 3290 patients from the 
LUdwigshafen RIsk and Cardiovascular Health (LURIC) study, a prospective 
cohort study among patients referred to coronary angiography. We meas-
ured fasting glucose and fasting insulin to calculate the homeostasis model 
assessment of insulin resistance (HOMA-IR). In addition, we performed a 
standardized 75-gram oral glucose tolerance test in the vast majority of study 
participants without known diabetes mellitus.
Results: Median 25(OH)D levels in ng/ml (with interquartile range) were 
16.8 (11.0-24.1) in patients with normal glucose metabolism (n=1415), 16.4 
(10.6-24.1) in patients with impaired glucose metabolism (impaired fasting 
glucose and/or impaired glucose tolerance) (n=827), 14.9 (10.0-21.2) in pa-
tients with newly diagnosed diabetes mellitus (n=476) and 12.7 (8.1-19.3) in 
patients with previously known type 2 diabetes mellitus (n=572) (P for trend 
<0.001 for ANCOVA adjusted for age, sex, BMI and season of blood draw). 
In a linear regression analysis including HOMA-IR as the dependent variable 
and age, sex, body mass index, season of blood draw and 25(OH)D as ex-
planatory variables we observed a significant inverse association of 25(OH)D 
and HOMA-IR (β-coefficient = -0.070; p<0.001).
Conclusions: We have shown that a poor vitamin D status is associated with 
type 2 diabetes mellitus and insulin resistance. These results suggest that vita-
min D supplementation might be useful for the prevention and/or treatment 
of type 2 diabetes mellitus.
Supported by: SFB 518, GRK 1041

tivariable logistic regression analysis while adjusting for age, sex, healthcare 
subsidy, and number of physician visits (to control for surveillance bias).
Results: We identified 129,438 people with diabetes, and 2,621 (2.0%) of these 
individuals had schizophrenia. Individuals with diabetes only were older (mean 
age 60.3 years vs. 57.6 years), more likely to be male (51% vs. 42.9%), and less 
likely to have subsidized health care (39.6% vs. 73.3%) compared to individuals 
with schizophrenia and diabetes. After multivariable adjustment, prevalence of 
dyslipidemia was not significantly different between groups (OR: 0.97; 95% CI: 
0.89 - 1.05), and hypertension was less prevalent in people with diabetes and 
schizophrenia (OR: 0.60; 95% CI: 0.55 - 0.65). Individuals with schizophrenia 
and diabetes were more likely to have CHF (OR: 1.31; 95% CI: 1.18 - 1.46), stroke 
(OR: 1.27; 95% CI: 1.14 - 1.42), and CVD (OR: 1.19; 95% CI: 1.10 - 1.30), but 
were less likely to undergo revascularization (OR: 0.51; 95% CI: 0.41 - 0.63).
Conclusion: Despite having a higher prevalence of CVD, individuals with 
schizophrenia and diabetes were significantly less likely to undergo revas-
cularization compared to people with diabetes only. Also, prevalence of CV 
risk factors was lower (hypertension) or no different (dyslipidemia) between 
groups. This may be due to a lack of screening, or other lifestyle risk factors 
increasing the risk of CVD in those with schizophrenia and diabetes.
Supported by: Canadian Institutes of Health Research Clinical Fellowship
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High prevalence of residual dyslipidemia in statin-treated patients with 
diabetes mellitus in Europe and Canada: results of the Dyslipidemia 
International Study
H. Drexel1, J. Feely2, J. Ferrieres3, A. Gitt4, J.-R. Gonzalez-Juanatey5,  
K. Korsgaard Thomsen6, P. Lundman7, P. Marques da Silva8, T. Pedersen9,  
D. Wood10, F. Chazelle11, M. Hackett11, J. Kastelein12, L. Leiter13; 
1Landeskrankenhaus Feldkirch, Austria, 2Trinity Centre, St. Jame’s Hospital, 
Dublin, Ireland, 3Toulouse University, School of Medicine, France, 4Kardiologie, 
Herzzentrum Ludwigshafen, Germany, 5Servicio de Cardiologia, Hospital 
Clinico Universitario, Santiago de Compostela (A Coruna), Spain, 6Dept. of 
Cardiology, Sydvetjyusk Sygehus Esberg, Esbjerg, Denmark, 7Dept. of Clinical 
Sciences, Karolinska Institutet, Stockholm, Sweden, 8Nucleo de Investigacao 
Arterial, Servico de Medicina, Lisbon, Portugal, 9Ulleval University Hospital, 
Oslo, Norway, 10National Heart and Lung Institute, London, United Kingdom, 
11Merck & Co., Whitehouse Station, United States, 12Dept. of Vascular 
Medicine, Academic Medical Center, Amsterdam, Netherlands, 13Division of 
Endocrinology & Metabolism, University of Toronto, Canada.

Background and aims: Though statins are considered the essential and most 
widespread therapy for prevention of cardiovascular disease, statin-treated patients 
remain at increased cardiovascular risk. This study was designed to better explain 
the residual risk by assessing the prevalence of persistent lipid abnormalities.
Materials and methods: DYSIS was a cross-sectional study conducted by 
2987 general practitioners, endocrinologists/diabetologists, cardiologists and 
internists in 12 countries. Patients were recruited consecutively who were > 
45 years of age, on statin therapy > 3 months, agreed to a clinical exam and 
had a least one lipid value.
Results: 22, 063 were enrolled between April 2008 and February 2009. Of 
these, 8613 (39%) had diabetes, with an average age of 66.3 years (+ 9.4), 41.2 %  
female. According to ATP III guidelines 76.5% had metabolic syndrome 
while the IDF criteria defined 86.8% as having metabolic syndrome. Of the 
total enrollment, 19,132 had sufficient lipid data to assess dyslipidemia.
Conclusion: Though the patients with DM were more likely to have LDL-C at 
target, they were less likely to have normal HDL-C and TGs

ESC Guidelines Patients with DM  
N = 7558 (39.%%)

Patients without DM 
N = 11,574 (60.5%)

LDL-C at goal (1) 58.5% 47.5%*
LDL not at goal and:
HDL-C normal & TG normal 16.2% 29.2%*
Low HDL-C & TG normal (2) 3.2% 3.7%
High TG & HDL-C normal (3) 13.9% 14.1%
Low HDL-C & high TG 8.3% 5.6%*
Low HDL-C &/or high TG 25.4% 23.4%*
LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipopro-
tein cholesterol; TG=triglycerides. (1) > 2.5/2.0 mmol/L (high risk); > 3.0 
mmol/L (low risk); (2) < 1.0 mmol/L (male); <1.2 mmol/L (female); (3) > 
1.7 mmol/L *statistically significant

Supported by: Merck & Co., Inc.
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How much do we know about obesity and diabetes? A survey of British 
male drivers
J. Deville-Almond1, A.A. Tahrani2,1, J. Grant1, M. Gray1, N. Thomas2,1,  
S. Taheri2,1; 
1The Biomedical Unit, 2University of Birmingham, United Kingdom.

Background: Obesity and type 2 diabetes (T2DM) are major public health 
challenges. Behaviour modification necessary to tackle these conditions re-
quires individual awareness of the existing problem.
Objectives: We assessed adiposity perception, awareness of the relation be-
tween adiposity and T2DM, and the relation between adiposity and weight 
loss attempts.
Methods: A cross-sectional study. British male drivers were randomly re-
cruited at Motorway service stations across the UK between May-July 2007. 
Participants completed a questionnaire and had body mass index (BMI), 
waist circumference (WC), body composition and random blood cholesterol 
and glucose measurements. BMI was classified into normal, overweight and 
obese based on the WHO criteria. WC >94cm was considered as a marker of 
central obesity as per the international diabetes federation criteria.
Results: 266 men, median age 52 years and BMI 28.25kg/m2 participated. 
Obesity prevalence was 35% and 73% based on BMI and WC, respectively. 
46% were overweight based on BMI. Based on the questionnaire 29% of the 
participants thought they were “thin” or “just right”, 64% and 7% thought they 
were overweight and obese, respectively. There was no difference in age be-
tween the self-perception categories (53 vs. 50 vs. 51 years, p=0.35). Partici-
pants underestimated their WC (94.3±10.22 vs. 102.86±11.41cm, estimated vs. 
actual, p<0.001). Of participants with normal BMI, 18% thought they were 
overweight, while 26% of overweight thought they were “just right” and 19% of 
obese recognised their obesity. Based on WC, 30% of participants with normal 
WC thought they were obese and 9% of obese realised they were obese. Only 
25% and 42% of participants recognised that T2DM is associated with obesity 
and large waist, respectively. 81% and 62% of overweight and obese participants 
(based on BMI) and 71% with central obesity believed that they were not at 
increased risk of T2DM. Adiposity self perception weakly predicted weight loss 
attempts (Lambda 0.28, p=0.008). Participants’ BMI and WC did not predict 
attempts to lose weight (p=0.12, p=0.2 respectively). 43% and 18% who were ei-
ther overweight or obese (based on BMI) and 33% with central obesity had not 
attempted to lose weight. On the other hand, 51% of normal subjects (based on 
WC) have attempted to lose weight. The majority of patients who thinks their 
weight is normal but who are overweight/obese based on BMI and/or WC did 
not attempt to lose weight. In contrast, individuals who perceived themselves to 
be overweight/obese, have attempted to lose weight even though they fall into 
the normal range based on BMI/WC. 92% of participants with central obesity 
and 97% and 87% of overweight and obese participants (based on BMI) had 
never sought medical advice regarding weight management.
Conclusion: Individuals significantly underestimate their degree of adiposity. 
A significant proportion of overweight/obese subjects had never attempted to 
lose weight. Participants underestimate their risk of T2DM. A significant pro-
portion is not aware of the association between adiposity and T2DM. Partici-
pants self perception (rather actual) of adiposity predicted attempts of weight 
loss. The majority of participants never considered seeking medical advice 
regarding weight. Further public education regarding obesity, its associated 
health risks and what healthcare professionals can provide is needed.
AT is a NIHR research training fellow
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Differential effects of ethnicities on the relationship between body mass 
index and insulin resistance in Singapore
D.S. Gardner1, S. Taslim2, J. Lee2, M. Tan2, D. Heng3, E. Tai1; 
1Department of Endocrinology, Singapore General Hospital, 2Department 
of Community, Occupational and Family Medicine, National University of 
Singapore, 3Epidemiology & Disease Control Division, Ministry of Health, 
Singapore.

Background and aims: Singapore has a high prevalence of diabetes mellitus, 
which is at least partially attributable to an increase in obesity, acting through 

its effects on insulin resistance (IR). The three ethnic groups in Singapore 
exhibit differences in the levels of obesity and IR. However, Malays, which 
have the highest body mass index (BMI), do not have the highest levels of IR, 
raising the possibility that the relationship between BMI and IR may differ 
between ethnic groups. Accordingly, the aim of this study was to examine 
the relationship between BMI and IR in a sample of Asian Indian, Malay and 
Chinese populations living in Singapore.
Materials and methods: 5472 individuals from 4 previous cross-sectional 
studies carried out in Singapore were followed up between 2004-2007. An-
thropometric measures were taken and fasting blood samples were drawn for 
glucose, insulin. Insulin resistance was derived using the homeostasis model 
assessment method.
Results: As a group, BMI correlated well with IR (r = +0.55, p<0.001). Asian 
Indian m (M) and women (W) had equivalent BMI (kg/m2) (M: 25.1 + 4.2; 
W: 26.8 + 5.0) to the Malays (M: 25.4 + 4.0, W: 26.9 + 5.4) but higher com-
pared with the Chinese (M: 23.5 + 3.6, W: 22.4 + 3.8). Notwithstanding, Asian 
Indian men and women were more insulin resistant (M: 3.0 + 3.2, W: 3.0 + 
3.1) compared to both Malay (M: 2.2 + 2.5, W: 2.2 + 1.8) and Chinese (M: 
1.8 + 1.8, W: 1.7 + 1.7), all p<0.001. Each unit gain in BMI was associated 
with the largest delta rise in IR in the Chinese population followed by Indians 
and Malays (p for interaction<0.001). This relationship was more marked in 
women.
Conclusion: Much of the literature on IR in Asian ethnic groups has focused 
on the increased IR in Asian Indians which occurs at relatively low BMI. 
Our study confirms these findings. Unexpectedly, our data suggests that the 
Chinese population may be at even greater risk of increased insulin resist-
ance with weight gain but are currently protected by the relatively low BMI. 
If this is true, it makes the prevention of obesity in this ethnic group, as China 
undergoes rapid socio-economic development even more important than it 
already is.
Supported by: a grant from the Biomedical Research Council of Singapore
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Obesity is associated with poorer clinical outcomes following insulin 
initiation for patients with type 2 diabetes
S. Kumar1, B. Wilson2, L. Watson3, J. Alsop3; 
1WISDEM, University Hospital, Coventry, 2Eli Lilly & Co Ltd, Basingstoke, 
3Louise Watson Consulting Ltd, Buxton, United Kingdom.

Background and aims: Little information is available on the association be-
tween BMI at time of insulin initiation with attainment of targets for glycae-
mic control in type 2 diabetic (T2DM) patients. This study was designed to 
describe HbA1c and weight post the first prescription for insulin.
Materials and methods: A cohort of patients with diagnostic codes for T2DM 
were selected from the General Practice Research Database (GPRD) for the 
period January 1st 2002- March 31st 2008. No patient had been prescribed 
insulin in the 6 months prior to the first insulin prescription (index date). Ad-
ditionally, patients had to have ≥ 2 further prescriptions for insulin in the 12 
months post the index date as well as ≥ 2 BMI and ≥2 HbA1c recordings (one 
index, one post index). Patients also had to have a minimum of 12 months 
data post the index date. The cohort was stratified into BMI categories at the 
time of insulin initiation: normal (18.5-24.9 Kg/m2); overweight (25.0-29.9 
Kg/m2); obese (30.0-34.9 Kg/m2); clinically obese (35.0-39.0 Kg/m2); mor-
bidly obese (≥40 Kg/m2). At 6-monthly intervals (up to 24 months) informa-
tion on HbA1c, BMI and weight was extracted for those patients with data at 
that point. A sensitivity analysis was conducted using the subset of patients 
who had data at every time point. A multivariate repeated-measures linear 
model was fitted assessing weight change from point of insulin initiation to 
12 months. Adjustment was made for age, gender, region, baseline HbA1c, 
oral therapy and insulin type.
Results: 3783 patients fulfilled the inclusion criteria (normal weight, n=672; 
overweight, n=1259; obese, n=1070; clinically obese, n=480; morbidly obese, 
n=302). The median HbA1c value at the time of insulin initiation was 9.6% 
(interquartile range IQR 8.6-11.0). The greatest reductions in HbA1c were 
seen in the first 6 months of insulin use in all BMI categories. The improve-
ment in HbA1c appeared to be greatest in those with lower BMI: median 
observed HbA1c at initiation and 6 months was 9.7% and 7.9% in normal 
weight patients and 9.6% and 8.2% in the clinically obese , respectively. A 
minority of patients achieved target HbA1c (≤7.5%) at any of the 6-monthly 
timepoints up to 24 months (for patients with a HbA1c at 24 months, the 
proportion achieving target was: normal 41%; overweight 34%; obese 30%; 
clinically obese 26%; morbidly obese). Sensitivity analysis supported these 
findings. The greatest weight gain was observed in the first six months and 
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appeared highest in normal weight patients (median 3.59 kg [IQR] 0.5-7.0) 
reducing to 2.00 kg (IQR-1.3-4.1) in clinically obese and 0.8 kg (IQR -2.4-
4.5) in morbidly obese . Multivariate models showed that after adjustment for 
confounders, normal weight patients made the greatest gains; 5.07kg (95% CI 
3.35, 6.79) as did those with HbA1c > 12.1%; 5.55kg (95% CI 3.81, 7.28).
Conclusion: Obesity appears to be associated with a poorer response to in-
sulin illustrated by higher HbA1c values and lower achievement of target. 
Patients with lower BMI have higher weight gains post insulin exposure than 
the obese, which may have clinical and public health implications, which re-
quire further investigation.
Supported by: Eli Lilly & Co Ltd
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High prevalence of obesity in the Spanish working population. Results 
from ICARIA study
A. Goday1, E. Calvo2, M.A. Sánchez2, M. Cabrera2, S. Santamaría2,  
R.M. Pozas2, N. Duque3, J. Reviriego3, A. Grande4, D. Socarrás4; 
1Servicio de Endocrinología y Nutrición, Hospital del Mar, Barcelona, 
2Ibermutuamur, Mutua de Accidentes de Trabajo y Enfermedades 
Profesionales, Madrid, 3Dpto. Investigación Clínica, Laboratorios Lilly., 
Madrid, 4Sociedad de Prevención, Ibermutuamur, Madrid, Spain.

Background and aims: Obesity is one of the prevailing processes of major 
socio-health impact based on its high prevalence, its progressive growth and 
its relation to multiple associated diseases. The epidemiological data available 
in Spain are based on local or autonomic studies, as well as on health surveys 
with antropometric data stated by the pollsters. The aim of this study is to 
describe the prevalence of obesity in the Spanish working population, as well 
as its evolution in the recent years.
Materials and methods: Information obtained from medical screenings on 
companies carried out by IBERMUTUAMUR from May 3, 2004 through 
November 30, 2007 in all of the autonomous communities, which included 
1,441,267 subjects. 356,030 subjects were excluded due to lack of complete 
medical records to calculate the BMI, with a final sample of 1,085,237 subjects, 
74% men and 26% women, between 18-29 years: 30%; 30-39 years: 33,1%; 40-
49 years: 22,5%; 50-59 years: 11,8%; >60 years: 2,6%. The weight and the size 
were obtained by direct measurement. Overweight was defined by BMI of 
25-29,9, obesity by BMI>30, and morbid obesity by BMI>40kg/m2

.
Results: The prevalence of obesity was 15.9% (18.5% in men and 8.7% in 
women). The prevalence of overweight was 38.5% (44.6% in men and 22% 
in women). A progressive increase was observed in the prevalence of obesity 
with the age: 18-29 years: 9.5%, 30-39 years: 14.6%, 40-49 years: 19.9%, 50-59 
years: 25.4%, >60 years: 26.6%. For overweight, the prevalence was, accord-
ing with the age groups: 28.5%, 39%, 44.3%, 48.9% and 51.4%, respectively. 
Progressive increase in obesity was observed during the 4-year study period 
(2004-2007), in men (17.7%, 18.1%, 18.7%, 19.1%), in women (7.7%, 8.4%, 
9%, and 9.3%) and in the total ( 15%, 15.4%, 16.1%, 16.4%). The maximum 
prevalence in autonomous communities was observed in Cantabria (21.1%), 
in the Canary Islands (18.6%) and in Andalucía (18.1%), and the minimum 
in La Rioja (11.1%), in Navarra (11.7%) and in Cataluña (12.1%). Morbid 
obesity was observed in 0.5% of the subjects.
Conclusion: The prevalence of obesity and overweight in the Spanish work-
ing population are very high and constantly increasing. There are significant 
differences in the geographical distribution of obesity in Spain. These find-
ings emphasize once more the need to boost specific obesity prevention and 
treatment (programs). The medical screening on companies is an excellent 
and efficient way to obtain information about the epidemiology of obesity 
and other prevailing processes, particularly if the studies are based on the 
active working population.
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Predictors of drug choice in newly diagnosed type 2 diabetes
A. Hutchison1, D. Russell-Jones2, C.S. de Vries1; 
1Pharmacy & Pharmacology, University of Bath, 2CEDAR Centre for 
Endocrinology Diabetes and Research, University of Surrey, Guildford, 
United Kingdom.

Background and aims: Whilst, according to prescribing guidelines, type 
II diabetes is managed first by diet if appropriate, then by oral antidiabetic 
agents and with insulin only if insufficient diabetes control is achieved, in 
practice prescribing varies with some patients receiving insulin relatively 
early and others not receiving insulin despite poor control. This will impact 

on studies of differences in long-term diabetes-related morbidity associated 
with different treatments. We set out to establish what patient characteristics 
predict drug choice in type II diabetes.
Materials and methods: Using the UK General Practice Research Database 
(GPRD), all those newly diagnosed with type II diabetes between 1 January 
1998 and 31 March 2007 were identified. The GPRD has been used exten-
sively for epidemiological research in diabetes as well as other disease areas. 
Patient characteristics (sex, age at diagnosis, smoking, alcohol use, BMI, 
HbA1c at diagnosis, and comorbidity) were established as was prescribing of 
antidiabetic agents. Multivariate survival analysis of drug choice associated 
with any of these patient characteristics was carried out using Cox regression 
in Stata and hazard ratios (HR) with 95% confidence intervals (CI95) were 
calculated.
Results: Out of 80,308 newly diagnosed study participants, 38,946 (48.5%) 
went on to receive drug treatment for their type II diabetes. Those with 
HbA1c values >10.0 were 25 times more likely to receive medication than 
those with normal control (HR 25.3; CI95 19.3-33.1); women were less likely 
to receive drug treatment than men (HR 0.82; CI95 0.78-0.85). The proportion 
initiated on insulin as their first antidiabetic drug halved from 6.1% in 1998 
to 2.9% in 2007 (p<0.05). Other than being female (HR 0.84; CI95 0.76-0.92), 
having poor glycaemic control (HR 1.53; CI95 1.06-2.21) and being under-
weight (HR 1.94; CI95 1.53-2.45), there were no obvious predictors of insulin 
being preferred over oral products.
Conclusions: In the UK, women were less likely than men to receive medi-
cines when diagnosed with type II diabetes. Amongst those receiving antidia-
betic medicines, men were more likely than women to receive insulin as their 
first antidiabetic drug. Other predictors were unsurprising; they included 
high BMI and poor glycaemic control.
Supported by: Novo Nordisk A/G
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Hospital insulin therapy is associated with a reduced rate of mortality
R. Juneja1, M. Waddell1, A. Golas1, Q. Zhang2, J. Carroll3, D. Nelson3,  
S. Flanders4, C. Roudebush3; 
1Indiana University, Indianapolis, 2sanofi-aventis US, Bridgewater, 3Clarian 
Health, Indianapolis, 4Beaumont Hospitals, Royal Oak, United States.

Background and aims: Uncontrolled hospital hyperglycemia and hypoglyc-
emia are both associated with increased morbidity and mortality. While insu-
lin therapy is used to control blood glucose, it is associated with higher rates 
of hypoglycemia. We sought to determine the relationship between insulin 
treatment for hyperglycemia and mortality.
Materials and methods: We examined relationships between insulin therapy 
and mortality in adult hospitalized patients without end stage disease who 
spent at least one day in ICU, with >1 BG test. Data is from 20,273 hospital 
admissions at two US academic centers between June 2003 and September 
2007; analyzed for a potential mediation effect of glucose (BG) control and 
hypoglycemia and adjusted for diabetes status and primary inpatient diag-
nosis.
Results: Mean age was 60 vs 55 yrs for insulin therapy (IT+) vs no-insulin 
therapy (IT-) group, with 42% female in each group and 48 vs 7% with diabe-
tes, respectively. Mean (±SD) for first BG was 9.0 (±4.5) vs 7.0 (±2.4) mmol/L; 
for last BG was 7.7 (±3.0) vs 6.3 (±1.8) mmol/L; 41 vs 5% had hypoglycemia 
(<3.9 mmol/L) and 9 vs <1% severe hypoglycemia (<2.2 mmol/L) in IT+ vs 
IT-. Unadjusted mortality was 9.2 vs 5.6% for IT+ vs IT- (p<0.0001). After 
accounting for age, diabetes status, first BG and primary diagnosis, adjusted 
mortality rate (π ) was estimated as 5.5 vs 4.0% for IT+ vs IT- (p<0.0001). 
Further adjustment for hypoglycemia, % low BG (<7.2 mmol/L), % high BG 
(>10.0 mmol/L), and mean BG, yielded 6.0 vs 5.1% (p=0.0099) mortality. 
A final model reversed the relationship between IT and mortality by add-
ing 2-way interactions between IT, DM, hypoglycemia, first BG, and mean 
BG and demonstrated a protective benefit of IT (π = 6.4 vs 8.6% for IT+ vs 
IT- with difference (δ= -2.2%, p<0.01). Patients with diagnosed diabetes had 
6.0% mortality relative to 9.1% (δ= -3.1%, p<0.01) in those without diabetes. 
Mortality was estimated to be 10.8% for patients experiencing hypoglycemia 
(<3.9 mmol/L) vs 5.0% (δ= 5.7%, p<0.01) for patients without hypoglycemia, 
regardless of insulin therapy. Estimated mortality in patients with hypoglyc-
emia was 6.9% for IT+ and 16.4% for IT- in contrast to 5.9% for IT+ and 4.3% 
for IT- in patients without hypoglycemia, p<0.01.
Conclusion: This retrospective study found that although unadjusted mor-
tality appears higher in IT+ patients, careful adjustments for relevant param-
eters demonstrate a protective effect of insulin therapy on hospital mortal-
ity. Hospital insulin therapy is associated with a reduced rate of mortality. 
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Hypoglycemia was found to be a potential contributing factor for hospital 
mortality with or without insulin intervention. 

Editorial support provided through the sanofi-aventis US Group
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25-hydroxyvitamin D levels and association with all-cause mortality in 
patients with type 2 diabetes mellitus
H. Dobnig1, S. Pilz1, H. Scharnagl2, W. Renner2, U. Seelhorst3, B. Wellnitz3, 
A. Fahrleitner-Pammer1, B.O. Böhm4, W. März2; 
1Department of Internal Medicine, Medical University of Graz, Austria, 
2Clinical Institute of Medical and Chemical Laboratory Diagnostics, Medical 
University of Graz, Austria, 3LURIC Study non-profit LLC, Freiburg, 
Germany, 4Department of Internal Medicine, University of Ulm, Germany.

Background and aims: We recently demonstrated that low baseline 25-hy-
droxyvitamin D (25OHD) levels in a large mixed patient population followed 
for a median of 7.7 years were predictive of all-cause and cardiovascular 
mortality (Arch Intern Med 2008; 168: 1340-1349). The aim of the present 
secondary analysis was to analyze whether patients with and without type 
2 diabetes mellitus (DM) show a difference in that association. Such an ana-
lytical approach seems justified since patients with DM typically present with 
various distinct clinical comorbidities.
Materials and methods: All in all 1036 patients with DM and 2221 non-
diabetic patients (non-DM) were included in this analysis. In order to adjust 
for seasonal variation in 25OHD levels we formed month-specific percentiles 
for the overall cohort. Patients with 25OHD levels above the 90th percentile 
[mean 25OHD level 35 (DM) and 33 ng/mL (non-diabetics)] were taken as 
referent population and compared to the respective diabetic and non-dia-
betic patient cohorts. Cox proportional hazards regression models were used 
including age, sex, physical activity, smoking status, cystatin C, NT-proBNP, 
systolic and diastolic blood pressure, use of statins, ACE inhibitors and beta 
blockers as confounders.
Results: Important differences in baseline characteristics were found for age 
(61 vs 66 years; non-DM vs DM), BMI (27.2 vs 28.7) and HbA1c levels (5.8 vs 
7.3) (all P<0.001). Mean 25OHD levels were 15.3 (DM) and 18.2 ng/mL (non-
DM; P<0.001). In general, the increase in all-cause mortality with declining 
25OHD levels was more prominent for the non-DM patient group. Whereas 
a statistical significant increase in all-cause mortality already became evident 
with 25OHD levels below the 70th percentile in non-DM patients, 25OHD 
levels in DM patients had to be below the 20th percentile to be significantly 
associated with mortality. The interquartile range for 25OHD levels varying 
with season of the year below which mortality significantly increased was 15 
to 23 ng/mL for the non-DM and 7 to 10 ng/mL for the DM cohort. Patients 
with 25OHD levels ≤10th percentile had a multivariate-adjusted hazard ratio 
for all-cause mortality of 5.1 (CI; 2.8 to 9.1) for non-DM as opposed to 2.9 
(1.5 to 5.6) for patients with DM, respectively.
Conclusion: In conclusion, for the same month adjusted decrease in 25OHD 
levels the relative increase in mortality was greater for patients without DM 
than for those with DM. Nevertheless, 20% of patients with DM had 25OHD 
levels that were accompanied by a two- to threefold increase in mortality. 
Our data suggest that one in five patients with DM has 25OHD levels that are 
associated with a marked rise in mortality.

PS 8 Replicated genes for diabetes 
and obesity
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A low “genetic load” of risk variants for type 2 diabetes is associated to 
better beta cell function in patients with newly diagnosed type 2 diabetes
S. Bonetti1, M. Trombetta1, L. Boselli1, G. Malerba2, E. Trabetti2,  
P.F. Pignatti2, M. Muggeo1, E. Bonora1, R.C. Bonadonna1; 
1Department of Biomedical and Surgical Sciences-Section of Endocrinology 
and Metabolism Disease, University of Verona, 2Department of Mother and 
Child, Biology and Genetics-Section of Biology and Genetics, University of 
Verona, Italy.

Background and aims: Genetic variability at a number of single nucleotide 
polymorphisms (SNPs) has been convincingly associated to the risk of type 2 
diabetes (DM2). Each SNP, however, per se contributes quantitatively little to 
overall risk and is often of questionable biological significance in affecting the 
determinants of glucose (G) regulation. Thus, we aimed at assessing the joint 
effect of DM2 associated SNPs on key metabolic phenotypes, i.e. beta-cell 
function and insulin sensitivity, of patients with newly diagnosed DM2.
Materials and methods: 388 (263 M/125 F) drug-naive and GADA-nega-
tive patients (age: median=59.0 yrs; I.Q. range: 52-65; BMI:29.4 kg/m2; 26.5-
33.0) with newly diagnosed DM2 were studied. Beta-cell function and insulin 
sensitivity were assessed by mathematical modeling of G/C-peptide curves 
during a 240’ frequently sampled OGTT and by euglycemic insulin clamp, 
respectively. The beta-cell responses to the rate of increase of G (derivative 
or dynamic control: DC; units: [pmol.m-2]/[mM.min-1]) and to G concentra-
tion (proportional or static control, PC, presented as the insulin secretion 
rate at G concentrations of 5.5, 8.0, 11.0, 15.0 and 20.0 mM, respectively; 
units: pmol.min-1.m-2) are herein reported. Insulin sensitivity is presented as 
the M value in the last 60’ of the clamp (units: µmol.min-1.m-2). The following 
SNPs (related gene) were assessed: rs7903146 (TCF7L2), rs1111875 (HHEX), 
rs7756992 (CDKAL1), rs679931 (CACNA1E), rs5219 (KCNJ11), rs13266634 
(SLC30A8), rs4402960 (IGF2BP2), rs10010131 (WFS1) and rs4430796 
(TCF2). A “genetic load” score was computed by summing the number of 
at risk alleles. Patients were divided in 3 groups: low (LGL: ≤7, n=92), inter-
mediate (IGL: 8-10, n=222) and high (HGL: ≥11, n=74) “genetic load” score. 
Parametric and nonparametric statistical methods were used as appropriate.
Results: No significant differences in age, gender, BMI, and HbA1c were 
detected across LGL, IGL and HGL groups. However, fasting plasma G was 
lower (p<0.03) in the LGL (6.8±1.4 mM) than in the IGL (7.3±1.9 mM) and 
HGL (7.4±1.5 mM) groups. Insulin sensitivity (607±356; 611±355; 640±356, 
p=0.89) and the DC of beta-cell function (643±742, 592±643, 558±546, 
p=0.98) were both similar across the 3 groups. However, both IGL and HGL 
displayed significantly worse (p=0.01) PC of beta-cell function (157±60, 
212±101, 332±177, 528±320, 778±523 and 152±56, 200±85, 326±167, 
532±305, 797±498 in the IGL and HGL, respectively, at 5 G levels) than LGL 
(172±71, 247±117, 410±231, 648±411, 948±646).
Conclusion: A lower number of the DM2 risk alleles assessed in this study 
hallmarks newly diagnosed DM2 patients with better beta-cell function. 
Genotyping DM2 risk alleles in newly diagnosed patients may be of help in 
optimizing metabolic therapy and in refining metabolic prognosis.
Supported by: an EFSD/Novartis grant
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Study of the relationship between the accumulation of genes responsible 
for type 2 diabetes mellitus and clinical presentation
Y. Kamura1, M. Iwata1, Y. Hukushima1, C. Kobashi1, S. Murakami2,  
M. Ishiki1, A. Takano3, I. Usui1, R. Temaru4, K. Yamazaki1, M. Urakaze1,  
K. Higuchi5, N. Akagawa6, H. Katou2, K. Tobe1; 
1First Department of Internal Medicine, Toyama University, 2Shakaihoken 
Takaoka Hospital, 3Saiseikai Takaoka Hospital, 4Nanto City Hospital, 
5Itoigawa General Hospital, 6Asahi General Hospital, Asahi-machi, Japan.

Background and aims: Several studies in Japan have reported that 9 to 10 
sigle-nucleotide polymoriphhisms (SNPs) were involved in the onset of type 
2 diabetes mellitus(T2DM) among Japanese. However, T2DM is a multifacto-
rial disease whose onset depends not only on genetic predisposition but also 
environmental factors, and it remains unclear to what extent genetic predis-
position affects clinical presentation. It has been reported in large scale stud-
ies in Europa that the odds ratio of each polymorphism on diabetes onset is 
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low, ranging from 1.1 to 1.5. Consequently, it may be that the accumulation of 
several polymorphisms induces the onset of diabetes. In this study, the effect 
of several polymorphisms and their combination on the clinical presentation 
of T2DM was investigated.
Materials and methods: The subjects were 620 T2DM outpatients of our 
hospital and associated hospitals and 501 controls.10 SNPs in 10 candidate 
T2DM-susceptibility genes, HHEX (rs1111875), CDKAL1 (rs7756992), CD-
KN2A/B (rs10811661), SLC30A8 (rs13266634), KCNJ11 (rs5219), IGF2BP2 
(rs4402960), PPARG (rs4402960), TCF7L2 (rs7903146), FTO (rs8050136) 
and KCNQ1 (rs2237892), were genotyped by TaqMan PCR assay. Clinical 
information, including present BMI, age at the diagnosis of diabetes, history 
of body weight, age at the maximum body weight, family history, disease pe-
riod, FPG, HbA1c, CPI (=F-CPR*100/FPG) and treatment, was collected and 
compiled in the database of Japanese Diabetes Conplication and its Prospec-
tive study(JDCP).
Results: The associations between the number of risk alleles for each poly-
morphism with the clinical data were investigated. There were no significant 
differences between total number of risk alleles (0-2) for each gene and the 
age at diagnosis of diabetes. Of these 10 genes, only 4 genes, CDKAL1, CD-
KN2A/B, SLC30A8 and KCNQ1 exhibited a significant difference between 
the T2DM group and the control group, and the odds ratio for the 4 genes 
were 1.62, 2.18, 1.71 and 2.39, respectively. The mean total number of risk 
alleles for the 4 genes with a significant difference from the control group was 
4.9 in the T2DM group and 3.5 in the control group (p<0.01). The association 
of the number of risk alleles in 4 genes with clinical data was investigated. In 
comparison of the clinical presentation between the groups with a total of 
three or fewer risk alleles in 4 genes and six or more, although the maximum 
BMI of the former group was 28.5, which was greater than that of the latter 
group (27.1), the age at diagnosis of diabetes was 51.5 years in the former 
group and 48.1 years in the latter group (p<0.05). Regarding the indices of 
insulin secretory capacity, serum CPR was 2.09 in the former group and 1.67 
in the latter group, and CPI was 1.55 and 1.16 respectively, showing a signifi-
cant difference (p<0.01).
Conclusion: It was suggested that the risk alleles for each individual poly-
morphism have little effect on the onset of diabetes, however, the accumu-
lation of risk alleles is associated with decreased insulin secretion and the 
earlier onset of diabetes.
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Can knowledge about the multiple common type 2 diabetes susceptibility 
gene variants be applied to discriminate between glucose tolerance and 
diabetes?
T. Sparsø1, N. Grarup1, C. Andreasen1, A. Albrechtsen2, J. Holmkvist1,  
G. Andersen1, T. Jørgensen3,4, K. Borch-Johnsen5,6, A. Sandbæk7,  
T. Lauritzen7, S. Madsbad4,8, T. Hansen1,6, O. Pedersen1,4; 
1Hagedorn Research Institute, Gentofte, 2Department of Biostatistics, 
University of Copenhagen, Gentofte, 3Research Centre for Prevention and 
Health, Glostrup University Hospital, 4Faculty of Health Science, University 
of Copenhagen, 5Steno Diabetes Center, Gentofte, 6Faculty of Health 
Science, University of Aarhus, 7Department of General Practice, Institute of 
Public Health, Aarhus, 8Hvidovre University Hospital, Denmark.

Background and aims: The list of validated type 2 diabetes susceptibility var-
iants has recently been expanded from three to 19. The identified variants are 
common and have low penetrance in the general population. The aim of this 
study was to investigate the combined effect of the 19 variants by applying 
receiver operating characteristics (ROC) to demonstrate the discriminatory 
value between glucose-tolerant individuals and type 2 diabetes patients in a 
cross-sectional population of Danes.
Materials and methods: The 19 variants were genotyped in 4,093 type 2 dia-
betic patients and 5,302 glucose-tolerant individuals.
Results: Single variant analyses demonstrated allelic odds ratios (OR) rang-
ing from 1.04 (95%CI: 0.98,1.11) to 1.33 (95%CI: 1.22,1.45). When com-
bining the 19 variants subgroups with extreme risk profiles we showed 
a 3-fold difference in risk of type 2 diabetes (lower 10% carriers with ≤15 
risk alleles vs. upper 10% carriers with ≥22 risk alleles, OR 2.93 (95%CI: 
2.38,3.62,p=1.6×10-25). We calculated the area under a ROC curve to esti-
mate the discrimination rate between glucose-tolerant individuals and type 2 
diabetes patients based on the 19 variants. We found an area under the ROC 
curve of 0.60. No evidence of epistasis could be demonstrated. Simulation 
studies of 50 variants with minor allele frequency (MAF)=0.25, OR=1.10, 50 
variants with MAF=0.25, OR=1.15, 25 variants with MAF=0.02, OR=0.02, 25 

variants with MAF=0.01, OR=2.0, and 25 variants with MAF=0.005, OR=3 in 
10,000 controls and 10,000 cases showed an area under the curve of 0.83.
Conclusion: The 19 validated common diabetes gene variants enable detec-
tion of subgroups at a substantial increased risk of type 2 diabetes; however 
the discrimination between glucose tolerance and type 2 diabetes is still too 
inaccurate to have clinical relevance. In contrast, by applying simulation 
studies we show that rare variants with considerable higher OR are expected 
to push the area under the ROC curve towards a threshold acceptable for 
clinical utility.
Supported by: Danish Medical Research Council, Danish Diabetes Association, 
University of Copenhagen and Novo Nordisk, FOOD
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The titre of antiGAD influences diabetes-associated genes in LADA 
patients: results from the HUNT study
E. Pettersen1, F. Skorpen2, K. Kvaløy3, K. Midthjell4, V. Grill5; 
1Norwegian University of Science and Technology, Dept. of Cancer Research 
and Molecular Medicine, Levanger, 2Norwegian University of Science and 
Technology, Dept. of Laboratory Medicine, Children’s and Women’s Health, 
Trondheim, 3Norwegian University of Science and Technology, Dept. of 
Public Health and General Practice, Levanger, 4Norwegian University of 
Science and Technology, Dept. of Public Health and General Practice, 
Verdal, 5Norwegian University of Science and Technology, Dept. of Cancer 
Research and Molecular Medicine, Trondheim, Norway.

Background and aims: Need for insulin treatment in Latent Autoimmune 
Diabetes in the Adult (LADA) patients associates with autoimmune activ-
ity as assessed from titres of antiGAD. Here we tested whether high titres of 
antiGAD increase the association of LADA with genes conferring risk of type 
1 and low titres with genes conferring risk of type 2 diabetes.
Materials and methods: DNA samples collected from the HUNT study 
(1995-96) were used for analysis. We analysed 120 type 1 diabetic, 126 LADA, 
1090 type 2 diabetic and 1503 age and gender matched non diabetic subjects 
for 60 SNPs located in loci known to be associated with type 1 or type 2 
diabetes, including 14 tag-SNPs used for HLA haplotyping. For HLA-typing 
we genotyped recommended tag SNPs for different HLA-alleles, which com-
bined in HLA haplotypes were known to be associated with type 1 diabetes. 
LADA patients were then dichotomised on the basis of antiGAD-levels below 
(low antiGAD) or above (high antiGAD) the median of antiGAD. Genotype 
distributions were tested by logistic regression analysis under additive, domi-
nant and recessive models. Odds ratio (OR) and 95% confidence intervals 
(CI) were calculated. Phasing HLA haplotypes and testing for association 
within cases and controls were performed by PLINK software and SPSS (ver-
sion 14.0). Adjustment for sex, age and BMI was applied when appropriate. 
Correction for multiple testing was done by max(T) permutation.
Results: The type 2 diabetes associated FTO and TSPAN8 genes and the ma-
jority of the most strongly associated HLA haplotypes for type 1 diabetes, 
were found to be significantly associated with LADA in general. One distinct 
haplotype GCA for DRB1*0401-DQA1*0301-DQB1*0301 was found to be 
associated with higher risk only for LADA (p=0.013). After dichotomising for 
antiGAD the AA/AC genotypes of rs8050136, GG/GC of rs1861866 and TT/
TC of rs9931491 in the FTO-gene and the CC/CT genotypes of rs7961581 in 
TSPAN8 were associated only with low-antiGAD LADA (p=0.004, p=0.006, 
p=0.002 and p=0.0004, respectively). The same FTO and TSPAN8 geno-
types were also associated with type 2 diabetes (p=0.005, p=0.047, p=0.004 
and p=0.009, respectively). No associations were found between FTO and 
TSPAN8 and type 1 diabetes. The strongly associated type 2 diabetes gene 
TCF7L2 (rs7903146) was not associated with LADA in general, nor in sub-
groups of antiGAD. The HLA haplotypes were, after dichotomising for an-
tiGAD, found to be mainly associated with high antiGAD LADA patients, 
except the GCA-haplotype for DRB1*0401-DQA1*0301-DQB1*0301 which 
was associated with higher risk in low antiGAD LADA patients (p=0.0003). 
Interestingly, yet another distinct haplotype was found, the GCTA-haplotype 
for DRB1*0401-DQA1*0301-DQB1*0302, which was only associated with 
higher risk in low antiGAD LADA (p=0.006) and not with type 1 and type 
2 diabetes.
Conclusion: These findings indicate that genetic heterogeneity in LADA is 
linked to a varying degree of autoimmune activity.
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321
Explorative analyses of the population impact of type 2 diabetes 
associated SNPs on diabetes related traits - the HUNT study
C.G.P. Platou1,2, K. Midthjell3, K. Hveem1; 
1Department of Public Health and General Practice, Norwegian University 
of Science and Technology, Levanger, 2Department of Internal Medicine, 
Levanger Hospital, Nord-Trøndelag Health Trust, 3Department of Public 
Health and General Practice, Norwegian University of Science and 
Technology, Verdal, Norway.

Background and aims: Several genome wide association studies have identi-
fied single nucleotide polymorphisms (SNPs) associated with type 2 diabetes 
(T2D). These SNPs could act through T2D related traits and conditions and 
have an impact in such in people without T2D. This study explores the po-
tential impact of some of these SNPs on T2D related traits (BMI, lipids, non-
fasting glucose, blood pressure and self reported cerebro- and cardiovascular 
ischemic disease) in a general, normoglycaemic population.
Materials and methods: T2D related traits were identified in the second 
Nord-Trøndelag Health Study (HUNT2 1995-97). Thirteen T2D susceptible 
SNPs were replicated in samples from HUNT2 using TaqMan allelic discrim-
ination assay. Preliminary study population n=1402 (later to be increased 
to n>4000), persons without diabetes and with a non-fasting glucose below 
7.8 mmol/l. Associations between T2D related SNPs and relevant traits were 
analysed with logistic and linear regression adjusted for sex, age and BMI 
in an additive model of inheritance. Correction for multiple testing was not 
performed in this explorative setting.
Results: A negative association was identified for diastolic hypertension  
(>90 mm Hg) with the gene regions THADA (rs7578597; OR=0.19, 95% CI: 
0.04 - 0.82, p=2.7x10-2), TSPAN8 (rs796181; OR=0.51, 95% CI: 0.30 - 0.97, 
p=1.3x10-2) and TCF7L2 (rs7903146; OR=0.46, 95% CI: 0.25 - 0.84, p=1.1x10-2).  
Likewise for myocardial infarction with BCL11A (rs10490072; OR=0.45, 95% 
CI: 0.21 - 0.96, p=3.8x10-2), for BMI with CAMK1D (rs12779790; regression 
coefficient=-0.43, 95% CI: -0.82 - -0.04, p=2.9x10-2), for total cholesterol with 
BCL11A (rs10490072; regression coefficient=-0.11, 95% CI: -0.16 - -0.01, 
p=3.4x10-3) and for HDL-cholesterol with BCL11A (rs10490072; regression 
coefficient=-0.04, 95% CI: -0.07 - -0.01, p=2.3x10-2) and FTO (rs8050136; re-
gression coefficient= -0.04, 95% CI: -0.07 - -0.01, p=1.2x10-2). A positive asso-
ciation was observed for microalbuminuria with FTO (rs8050136; OR=3.90, 
95% CI: 1.43 - 10.59, p=7.7x10-3), for cerebral stroke with FTO (rs8050136; 
OR=2.17, 95% CI: 1.06 - 4.44, p=3.4x10-2) and for increased levels of non-
fasting blood glucose (for glucose values < 7.8 mmol/l) with the gene re-
gions NOTCH2 (rs10923931; regression coefficient=0.12, 95% CI: 0.03-0.21, 
p=1.0x10-2), ADAM30 (rs2641348; regression coefficient=0.14, 95% CI: 0.04-
0.23, p=3.9x10-3) and JAZF1 (rs864745; regression coefficient=0.06, 95% CI: 
0.00 - 0.12, p=4.4x10-2).
Conclusion: In a normoglycaemic population, T2D related SNPs were nega-
tively associated with diastolic hypertension, myocardial infarction, BMI and 
increasing levels of both total cholesterol and HDL-cholesterol. A positive as-
sociation was observed for microalbuminuria, cerebral stroke and increased 
levels of non-fasting blood glucose (for glucose values < 7.8 mmol/l). More 
samples will be added to further explore the possible clinical relevance of 
these associations when studying the population effect of T2D associated 
SNPs.

322
Analyses of the combined discriminative value of 20 validated 
obesity susceptibility variants, separately and in combination with 
environmental factors
C.H. Andreasen1, T. Sparsø1, N. Grarup1, A. Albrechtsen2,  
K. Borch-Johnsen3,4, A. Sandbæk5, T. Lauritzen5, T. Jørgensen6,7,  
O. Pedersen1,7, T. Hansen1,8; 
1Hagedorn Research Institute, Gentofte, 2Department of Biostatistics, 
University of Copenhagen, 3Steno Diabetes Center, Gentofte, 4Faculty of 
Health Science, University of Aarhus, 5Department of General Practice, 
University of Aarhus, 6Research Centre for Prevention and Health, Glostrup 
University Hospital, 7Faculty of Health Science, University of Copenhagen, 
8Faculty of Health Sciences, University of Southern Denmark, Odense, 
Denmark.

Background: Within the last few years, genome-wide association studies 
have led to the identification of 20 genetic variants associating with obesity 
or related phenotypes. The variants are common and exhibit moderate effect 

sizes in the general population. The aim of this study is to investigate the com-
bined effect of these variants and their ability to discriminate between normal 
weight and overweight/obese individuals in a cross-sectional population of 
Danes, by applying receiver operating characteristics (ROC).
Methods: The 20 variants were genotyped in 4 study groups: the popula-
tion-based Inter99 study, the ADDITION Denmark screening study cohort, 
a population-based study group and a type 2 diabetic patient group both 
sampled at Steno Diabetes Center. The combined study population included 
5,512 normal weight, 7,458 overweight and 5,044 obese individuals.
Results: Individual variant analyses demonstrated per allele odds ratios (OR) 
for the 20 variants ranging from 1.07 (95% CI 1.00-1.13) to 1.27 (95% CI 
1.20-1.35). When combining the variants, individuals with extreme risk pro-
file carrying more than 22 risk alleles (highest percentile) showed a significant 
increase in risk of both overweight 1.69 (1.41-2.03), p = 8.2 × 10-9 and obesity 
2.14 (1.75-2.62), p = 2.4 × 10-14, compared to individuals with minimal risk 
profile carrying less than 14 risk alleles (lowest percentile). The area under 
ROC curve predicting overweight and obesity using data on the 20 SNPs was 
determined to 0.53 and 0.58, respectively. When combining SNP data with 
information regarding age, sex, diet, physical activity, smoking, education, 
employment and use of anti-obesity drugs, the discriminative ability meas-
ured by area under the ROC curve increased to 0.64 for overweight and 0.70 
for obesity, which for obesity is higher than for environmental factors alone 
(AUC = 0.67).
Conclusion: The 20 newly identified obesity variants confer a significantly 
increased combined risk of both overweight and obesity in carriers of many 
risk alleles. The discriminative value of the 20 variants is still sparse and too 
inaccurate for clinical preventive purposes.
Supported by: HEPADIP, DanORC, Novo Nordisk A/S Research & Develop-
ment, Danish Ministry of Science Technology and Innovation

323
Variants in RAPGEF1, ENPP1, TP53, NRF1, SLC2A2, SLC2A4 and 
FOXC2 do not associate with type 2 diabetes or related phenotypes in 
studies of 9,750 Danes
N. Grarup1, K. Burgdorf1, A. Sandbæk2, T. Lauritzen2, T. Jørgensen3,4,  
T. Hansen1,5, O. Pedersen1,3; 
1Hagedorn Research Institute, Gentofte, 2Department of General Practice, 
Institute of Public Health, Aarhus University, 3Faculty of Health Sciences, 
University of Copenhagen, 4Research Centre for Prevention and Health, 
Glostrup University Hospital, 5Faculty of Health Sciences, University of 
Southern Denmark, Odense, Denmark.

Background and aims: In 2008 a comprehensive step-wise study of 222 can-
didate genes in type 2 diabetes reported association of variants in RAPGEF1, 
ENPP1, TP53, NRF1, SLC2A2, SLC2A4 and FOXC2 with type 2 diabetes in 
a study of 4,805 Finnish individuals. We aimed at validating these associa-
tions in a Danish case-control study and furthermore sought to evaluate the 
impact on diabetes-related intermediary traits of these variants in a popula-
tion-based sample.
Materials and methods: We genotyped nine genetic variants in seven genes 
(RAPGEF1 rs4740283, ENPP1 rs2021966 and rs858341, TP53 rs1042522, 
NRF1 rs1882095, SLC2A2 rs10513684 and rs5400, SLC2A4 rs222852 and 
FOXC2 rs4843165) in 5,976 middle-aged subjects from the population-based 
Inter99 cohort who all had undergone an OGTT. Furthermore these variants 
were genotyped in additional samples adding up to a case-control study com-
prising 4,974 glucose-tolerant participants and 3,586 type 2 diabetic cases.
Results: Based on the effect sizes and genetic models previously reported we 
had >95% statistical power for all variants to detect association with type 2 
diabetes at a 5% significance level. In analyses adjusted for the effect of age, 
sex and BMI none of the nine variants associated with type 2 diabetes when 
applying the same genetic model as previously reported (OR for individual 
variants 1.01 - 1.26, P-values for individual variants: 0.07 - 0.8). However 
for all nine variants the estimate of association was in the same direction as 
previously described. In studies of diabetes-related quantitative traits in 5,883 
participants without treated type 2 diabetes of the Inter99 cohort we observed 
nominal associations of ENPP1 rs858341 with 2.8%, 3.1% and 2.1% increases 
in incremental area under the serum insulin, plasma glucose and serum C-
peptide curves during an OGTT (95% CI 0.6-4.9%, P=0.01; 0.4-5.7%, P=0.02; 
and 0.7-3.4%, P=0.003, respectively). Furthermore, TP53 rs1042522 associ-
ated nominally with a 0.034 mmol/l increase in fasting plasma glucose per 
allele (95% CI 0.0045-0.064 mmol/l, P=0.02).
Conclusion: Recently reported associations of variants in RAPGEF1, ENPP1, 
TP53, NRF1, SLC2A2, SLC2A4 and FOXC2 do not associate with type 2 dia-
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betes in the Danish population, however we are not able to exclude modest 
effects of these loci. This study underlines difficulties in replicating genetic 
association studies and further large-scale collaborative analyses are needed 
to clarify the impact of these variants.
Supported by: Danish Medical Research Council, Danish Diabetes Association, 
EUGENE2

324
A variant in the KCNQ1 gene predicts future type 2 diabetes and 
mediates impaired insulin secretion
A. Jonsson1, B. Isomaa2,3, T. Tuomi2,4, J. Taneera1, A. Salehi5, P. Nilsson6,  
L. Groop1,4, V. Lyssenko1; 
1Clinical Sciences, Diabetes & Endocrinology, Lund University, Malmö, 
Sweden, 2Folkhälsan Research Centre, Helsinki, Finland, 3Malmska 
Municipal Health Care Center and Hospital, Jakobstad, Finland, 4Medicine, 
Helsinki University Central Hospital and University of Helsinki, Finland, 
5Clinical Sciences, Endocrine Pharmacology, Lund University, Malmö, 
Sweden, 6Clinical Sciences, Medicine, Lund University, Malmö, Sweden.

Background and aims: Two independent genome wide association studies 
for type 2 diabetes (T2D) in Japanese have recently identified common vari-
ants in the KCNQ1 gene being strongly associated with T2D. Here we studied 
whether variants in KCNQ1 would influence BMI, insulin secretion and ac-
tion and predict future T2D in subjects from Scandinavia.
Materials and methods: Risk of T2D conferred by KCNQ1 rs2237895 was 
studied in 2,830 T2D cases and 3,550 controls from Sweden and prospec-
tively in 16,061 individuals from the Malmö Preventive Project. Effect of 
genotype on insulin secretion/action was assessed cross-sectionally in 3,298 
non-diabetic subjects from the PPP-Botnia Study and longitudinally in 2,328 
non-diabetic subjects from the Botnia Prospective Study (BPS). KCNQ1 ex-
pression and glucose-stimulated insulin secretion was measured in human 
islets from 18 and 10, respectively, non-diabetic donors.
Results: The C-allele of KCNQ1 rs2237895 was associated with increased 
risk of T2D in both the case-control (OR 1.23 [1.12-1.34], p=5.6x10-6) and 
the prospective (OR 1.14 [1.06-1.22], p=4.8x10-4) study. Furthermore, the 
C-allele was associated with decreased insulin secretion (CIR p=0.013; DI 
p=0.013) in the PPP-Botnia study and in the BPS at baseline (CIR p=2.1x10-

4; DI p=0.0015) and during follow-up (CIR p=3.8x10-4; DI p=8.3x10-4). The 
CC-carriers showed a reduced glucose-stimulated insulin secretion from hu-
man islets (p=0.0058).
Conclusion: A common variant in the KCNQ1 gene is associated with in-
creased risk of future T2D in Scandinavians which can be explained by its 
influence on insulin secretion.
Supported by: Swedish Research Council, including a Linné grant and an EFSD 
Clinial Research Grant

325
Genetic variation in KCNQ1 associates with beta cell function and 
fasting glucose levels: a study of 3734 subjects comprising three Asian 
ethnicities
D.P.K. Ng1, J. Tan2, S. Nurbaya1, D. Gardner2, S. Ye1, E.S. Tai2; 
1Community, Occupational and Family Medicine, National University of 
Singapore, 2Endocrinology, Singapore General Hospital, Singapore.

Background and aims: The potassium voltage-gated channel, KQT-like sub-
family, member 1 (KCNQ1) has been found through a genome-wide asso-
ciation study to be a strong candidate for conferring susceptibility to type 
2 diabetes in East Asian and European populations. We sought to describe 
the potential association between polymorphisms at the KCNQ1 locus with 
insulin resistance, β-cell function and other type 2 diabetes-related traits in a 
sample of Chinese, Malays and Asian-Indians living in Singapore.
Materials and methods: We examined the associations between 4 previously 
reported KCNQ1 SNPs with type 2 diabetes-related traits in 3734 participants 
from the population-based NHS98 cohort (2520 Chinese, 693 Malay, 521 
Asian-Indians). Insulin resistance was calculated from fasting insulin and 
glucose using the Homeostasis model assessment method, while pancreatic 
β-cell function was assessed using the corrected insulin response at 120 min-
utes (CIR120).
Results: SNPs rs2237897, rs2237892, rs2283228 were significantly associ-
ated with type 2 diabetes (OR= 1.48, p=3x10-4; OR=1.38, p=0.002; OR=1.31, 
p=0.012 respectively). Within the Chinese population, the risk alleles for 

rs2237897, rs2237892, rs2283228 were significantly associated with higher 
fasting glucose levels (p=0.014, 0.011 and 0.034 respectively) and reduced 
CIR120 (p=0.007, 0.013, 0.014 respectively). A similar trend was observed 
among the Malay and Asian-Indian minority groups although this did not 
reach statistical significance due to limited sample sizes.
Conclusion: The increased risk for type 2 diabetes associated with KCNQ1 is 
likely to be caused by a reduction in insulin secretion. Further studies will be 
useful to replicate these findings and to fully delineate the role of KCNQ1 and 
its related pathways in disease pathogenesis.
Supported by: Singapore National Medical Research Council Grant to DPKN

326
The type 2 diabetes-associated C-allele of rs2237895 KCNQ1 associates 
with reduced insulin release following an oral glucose load
K. Banasik1, J. Holmkvist1, G. Andersen1, H. Unoki2, T.S. Jensen3,  
C. Pisinger4, K. Borch-Johnsen5,6, S. Brunak3, S. Maeda2, T. Hansen1,7,  
O. Pedersen1,8; 
1Hagedorn Research Institute, Gentofte, Denmark, 2Laboratory for 
Endocrinology and Metabolism, Yokohama, Kanagawa, Japan, 3Center 
for Biological Sequence Analysis, Lyngby, Denmark, 4Research Centre 
for Prevention and Health, Glostrup, Denmark, 5Steno Diabetes Center, 
Gentofte, Denmark, 6Faculty of Health Science, Aarhus, Denmark, 
7Faculty of Health Science, Odense, Denmark, 8Faculty of Health Science, 
Copenhagen, Denmark.

Background and aims: Polymorphisms in the potassium channel, voltage-
gated, KQT-like subfamily, member 1 (KCNQ1) gene have recently been 
reported to associate with type 2 diabetes. The primary aim of the present 
study was to investigate the putative impact of these KCNQ1 polymorphisms 
(rs2283228, rs2237892, rs2237895, and rs2237897) on estimates of glucose-
stimulated insulin release.
Materials and methods: Genotypes were examined for association with se-
rum insulin levels following an oral glucose tolerance test (OGTT) in a popu-
lation-based sample of 6,039 middle-aged and treatment-naïve individuals of 
whom 4,568 were glucose-tolerant. Insulin release indices estimated from the 
OGTT and the interplay between insulin sensitivity and insulin release were 
investigated using linear regression and Hotelling T2 analyses.
Results: Applying an additive genetic model the minor C-allele of rs2237895 
was associated with reduced insulin levels 30 min (mean±SD: (CC) 277±160 
vs. (AC) 280±164 vs. (AA) 299±200 pmol/l, p=0.008) after an oral glucose 
load, insulinogenic index (29.6±17.4 vs. 30.2±18.7vs. 32.2±22.1, p=0.007), 
incremental area under the insulin curve (20,477±12,491 vs. 20,503±12,386 
vs. 21,810±14,685, p=0.02) among 4,568 glucose-tolerant individuals. Ad-
justment for the degree of insulin sensitivity had no effect on the measures of 
reduced insulin release. The rs2237895 risk genotype had a similar impact in 
the total sample of treatment-naïve individuals. No association with measures 
of insulin release were identified for rs2237892, rs2237897 or rs2283228.
Conclusion: In a population-based sample of 4,568 glucose-tolerant and mid-
dle-aged people, the type 2 diabetes-associated rs2237895 C-allele of KCNQ1 
was associated with reduced insulin release following an oral glucose load, 
suggesting that the increased risk of type 2 diabetes previously reported for 
this variant is likely to be mediated through an impaired beta cell function.
Supported by: LUCAMP, FSS, the FOOD Study Group, the Danish Diabetes 
Association, Novo Nordisk and EUGENE2

327
IRS-1 G972R and type 2 diabetes: a paradigm for the difficult 
ascertainment of the contribution to disease susceptibility of “low 
frequency-low risk” variants
E. Morini1, S. Prudente1, E. Succurro2, M. Chandalia3, Y.-Y. Zhang4,  
S. Mammarella5, F. Pellegrini6, C. Powers4, V. Proto1, B. Dallapiccola1,  
A. Cama5, G. Sesti2, N. Abate3, A. Doria4, V. Trischitta1; 
1IRCCS Casa Sollievo della Sofferenza – Mendel Institute, Rome, Italy, 2Dept 
of Exp and Clin Med, Un Magna Græcia, CZ, Italy, 3Div of Endocr and 
Metab UTMB, Galveston, United States, 4Res Div, Joslin Diabetes Center, 
Boston, United States, 5Dept of Oncol and Neurosc, Un G. D’Annunzio, 
Chieti, Italy, 6Dept of Clinl Pharm and Epidem, Consorzio Mario Negri Sud, 
S. Maria Imbaro, Italy.

Background and aims: Insulin receptor substrate-1 (IRS-1) plays a central 
role in insulin signalling and glucose homeostasis. A deleterious role on both 
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in vivo and in vitro insulin sensitivity and secretion has been repeatedly and 
unanimously reported for the relatively infrequent “loss of function” IRS-1 
G972R SNP (rs1801278, minor allele frequency=0.05). Despite this strong 
candidacy, results on its association with type 2 diabetes (T2D) have been 
conflicting, making the role of this SNP uncertain. To obtain further insights 
onto this topic, we performed a meta-analysis of all available case-control 
studies.
Materials and methods: We analyzed all case-control studies published as of 
January 2009 and we included also five unpublished case-control studies in 
which all study subjects were self-reported Whites: four sets from the Genet-
ics of T2D in Italy and the United States (GENIUS T2D) Consortium and one 
set recruited in Chieti, Italy. Of the 35 available studies, only those in which 
both cases and controls were in HWE were meta-analyzed (n=30), compris-
ing 11,857 cases and 10,758 controls.
Results: According to a dominant model (GR+RR compared to GG individu-
als) R972 variant tended to be associated with T2D, though failing to reach 
statistical significance (OR=1.09, 95%CI 0.96-1.24 p=0.195). Some evidence 
of heterogeneity was observed across studies (p=0.064). In a meta-regression 
analysis, neither the mean BMI of cases nor that of controls (available in 21 
studies corresponding to 19,368 individuals) explained a significant propor-
tion of such heterogeneity (2.1%, p=0.47 and 1%, p=0.77, respectively). By 
contrast, the mean age at T2D diagnosis explained 49% of this heterogene-
ity (p=0.03) in the 12 studies (8,967 individuals) in which this variable was 
available. When these studies were subdivided in tertiles of mean age at T2D 
diagnosis, summary ORs of T2D were 1.51 (95%CI 1.17-1.95), 1.24 (95%CI 
0.96-1.59) and 0.88 (95%CI 0.68-1.14) in the youngest (39-44.9 yrs at diag-
nosis), intermediate (45-50.9 yrs) and oldest (51-58 yrs) tertile (p for trend 
of ORs=0.0017).
Conclusion: Our findings illustrate the difficulties of ascertaining the con-
tribution of “low frequency-low risk” variants to T2D susceptibility. In the 
specific context of the R972 variant, 200,000 study subjects would be needed 
to have 80% power to identify a 10% increase in T2D risk at genome-wide 
significance levels. Under these circumstances, a strategy aimed at improving 
outcome definition and decreasing its heterogeneity may critically enhance 
our ability to detect genetic effects, thereby decreasing the required sample 
size. Our data suggest that focusing on early-onset diabetes, which is charac-
terized by a stronger genetic background, may be part of such strategy. 
Supported by: Italian Ministry of Health to SP; NIH HL073168,DK055523 and 
DK036836 to AD
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Association study between LXRβ polymorphisms and type 2 diabetes 
mellitus 
K. Solaas1, V. Legry2, K.B. Holven3, K. Retterstol4, P.M. Thorsby5,  
J. Ferrières6, S. Tonstad7, H. Rootwelt8, S. Lien9, B. Halvorsen10,  
M.S. Nenseter10, P. Amouyel2, K. Birkeland1, A. Meirhaeghe2, H.I. Nebb3; 
1Department of Endocrinology, Oslo University Hospital, Aker, Norway, 
2INSERM, U744, Institut Pasteur de Lille, Université de Lille 2, France, 
3Department of Nutrition, Univ of Oslo, Norway, 4Oslo University Hospital, 
Rikshospitalet, Norway, 5The Hormone Laboratory, Oslo University 
Hospital, Aker, Norway, 6Department of Cardiology, Toulouse University 
School of Medicine, Rangueil Hospital, France, 7Department of Preventive 
Medicine, Oslo University Hospital, Ulleval, Norway, 8Department of 
Medical Biochemistry, Oslo University Hospital, Rikshospitalet, Norway, 
9Centre for Integrative Genetics, Norwegian University of Life Sciences, 
Oslo, Norway, 10Research Institute for Internal Medicine, Oslo University 
Hospital, Rikshospitalet, Norway.

Background and aims: Liver X receptors (LXRs) are nuclear receptors in-
volved in the control of lipid and carbohydrate metabolism as well as inflam-
mation. LXRs exist in two isoforms, LXRα and LXRβ, with similar protein 
structure and ligand binding, but somewhat different physiological functions. 
LXRβ shows a ubiquitously tissue expression. The role of LXRβ is still under 
investigation. However, the study of mice deficient for LXRβ has revealed 
important specific functions of LXRβ. LXRβ polymorphisms have so far been 
associated with Alzheimer’s disease and obesity. We hypothesized that sin-
gle nucleotide polymorphisms (SNPs) in the LXRβ gene are associated with 
some of the metabolic changes seen in patients with type 2 diabetes mellitus 
(T2DM).
Materials and methods: We used the following cohorts: *French individu-
als from the Lille and Toulouse MONICA studies (http://www.ktl.fi/monica), 
n=2315. *The Norwegian HUNT study (http://www.ntnu.no/dmf/hunt/eng-
lish), n=2930. Genomic DNA was isolated from whole blood. SNPs were 
genotyped by the restriction fragment length polymorphism method or the 
iPLEX system from SEQUENOM for use with the MassARRAY platform. 
Statistical differences between groups were analyzed by χ2 or ANOVA tests. 
In silico functional analysis: MatInspector by Genomatix.
Results: We sequenced the LXRβ gene in 86 individuals with metabolic syn-
drome and 10 control individuals, and identified 9 SNPs with a minor al-
lele frequency above 5%. Then we genotyped 5 tag-SNPs in the two cohorts. 
We identified an association between a tag-SNP (rs17373080) representing 
a big haplotype block and the risk of T2DM (OR=1.77, p=0.01) and obesity 
(OR=1.26, p=0.05) in both men and women. In silico analyses showed that 
another SNP located in intron 4 -in linkage with rs17373080- would create 
a binding site for the hepatic nuclear factor 4 (HNF4) and nuclear factor 1 
(NF1A, B, C and X) transcription factors. In vitro EMSA and cell transient 
transfections will be performed to examine the impact of this polymorphism 
on LXRβ expression.
Conclusion: Our results indicate that a putative functional polymorphism in 
the LXRβ gene is associated with T2DM and obesity.

329
Association between variants in the INSIG1 gene and the risk of type 2 
diabetes and related traits 
M. Szopa1,2, A. Meirhaege3, J. Luan1, T. Vidal-Puig4, P. Amouyel3,  
N.J. Wareham1, R.J.F. Loos1; 
1MRC Epidemiology Unit, Institute of Metabolic Science, Addenbrooke’s 
Hospital, Cambridge, United Kingdom, 2Department of Metabolic Diseases, 
Jagiellonian University, Medical College, Krakow, Poland, 3INSERM, U744, 
Institut Pasteur de Lille, France, 4MRC Centre for Obesity and Associated 
Diseases, Biochemistry, University of Cambridge, Institute of Metabolic 
Science, Addenbrooke’s Hospital, United Kingdom.

Background and aims: Insulin-induced gene 1 (INSIG1) is a protein that 
blocks proteolytic activation of sterol regulatory element-binding proteins 
(SREBPs), transcription factors that activate genes regulating cholesterol and 
fatty acid metabolism and possibly genes involved in glucose homeostasis. In 
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the present study, we tested for association between six tagSNPs, capturing 
all common variation in the INSIG1 gene and risk of type 2 diabetes, obesity 
and related traits in 11,168 individuals from six population-based and case-
control studies.
Materials and methods: Six INSIG1 tagSNPs were genotyped in participants 
from the Hertfordshire study, the MRC Fenland study, the MRC Ely study, 
the MONICA-Lille study, the Addition (Cambridge) study, and the Cam-
bridgeshire case-control study. For each study, we tested for association be-
tween SNPs and [1] risk of diabetes and obesity using logistic regression, and 
[2] continuous traits (BMI, waist circumference, fasting glucose, glucose 120’ 
OGTT, plasma cholesterol, HDL, LDL and triglyceride levels, systolic and 
diastolic blood pressure levels) using linear regression, assuming an additive 
model. Summary statistics of each study were meta-analyzed using inverse 
variance methods.
Results: The meta-analysis of the three case-control studies, including 1,711 
cases and 2,992 controls, showed no compelling evidence of association be-
tween any of the six INSIG1 SNPs and the risk of type 2 diabetes. Although 
minor alleles of rs10258075 and rs10271719 tended to be associated with a 
higher risk of type 2 diabetes (OR 1.40 [95%CI 1.07-1.83], p = 0.015 and OR 
1.31 [95%CI 1.00 - 1.70], p = 0.046, respectively), these observations were not 
significant when accounting for multiple testing. We tested for the associa-
tion between the six SNPs and the risk of obesity in the 3 population-based 
studies, yet none of INSIG1 SNPs showed significant association. In agree-
ment with the case-control analyses, none of the association between the IN-
SIG1 SNPs and any of the six metabolic traits showed convincing association. 
While a few nominally significant associations emerged, they did not survive 
correction for multiple testing.
Conclusion: Although our study was sufficiently powered to identify associa-
tions of small effect size, our results suggest that common genetic variation 
in INSIG1 is unlikely to have a major impact on type 2 diabetes and obesity 
risk and related traits.
Supported by: MRC, Diabetes UK, Cancer Research UK and INSERM
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FOXO1 variation and relationships with type 2 diabetes and intermediary 
quantitative traits
G. Andersen1,2, K. Yanagisawa1, E.-M.D. Nielsen1, T. Sparsø1,2,  
T.I.A. Sørensen3, C.S. Rose1, T. Jørgensen4,5, K. Borch-Johnsen1,4,  
J. Holmkvist1,2, O. Pedersen1,2, T. Hansen1,2; 
1Steno Diabetes Center, Gentofte, 2Hagedorn Research Institute, Gentofte, 
3Institute of Preventive Medicine, Copenhagen University Hospital, Centre 
for Health and Society, 4Research Centre for Prevention and Health, 
Glostrup University Hospital, 5Faculty of Health Sciences, University of 
Copenhagen, Denmark.

Background and aims: The transcription factor Foxo1 is involved in liver 
glucose metabolism, pancreatic beta-cell proliferation, and differentiation of 
adipocytes and skeletal muscle cells making human FOXO1 a candidate gene 
for abnormal glucose regulation. We investigated whether variants in FOXO1 
are associated with type 2 diabetes, obesity, or with alterations in insulin sen-
sitivity or insulin release.
Materials and methods: We performed a screening for rare mutations with 
subsequent genotyping in family studies and large-scale tagging of frequent 
single-nucleotide polymorphisms. A mutation analysis was carried out in 61 
Danish type 2 diabetic patients. We tagged FOXO1 using HapMap data and 
genotyped five variants (rs7337995, rs1334241, rs7981045, rs2701880, and 
rs2755213) in 7960 individuals of which 6898 were characterised by an oral 
glucose tolerance test.
Results: The mutation analysis resulted in the identification of four variants; 
Ala511Val, -30C>T, 2074T>C, and 2600delA. In family studies the two rare 
Ala511Val and -30C>T variants did not co-segregate with type 2 diabetes. In 
case-control studies of type 2 diabetes and obesity only the rs7337995 variant 
A-allele showed association with obesity (p = 0.02), and in studies of fast-
ing and post-oral glucose load measurements of plasma glucose and serum 
insulin and C-peptide only the rs1334241 polymorphism was related to mod-
est alterations in serum C-peptide release. No relationships with estimates of 
insulin resistance were observed, and no haplotype association or SNP-SNP 
interaction was found for any trait.
Conclusion: We conclude that common variation of FOXO1 is not a major 
contributor to the pathogenesis of type 2 diabetes.

331
Association of TCF7L2 gene haplotypes with diabetes type 2, gestational 
diabetes but not with polycystic ovary syndrome in Czech cohorts
B. Bendlová, J. Včelák, M. Vaňková, P. Lukášová, S. Pražáková, O. Bradnová, 
H. Kvasničková, K. Vondra, J. Vrbíková; 
Institute of Endocrinology, Prague, Czech Republic.

Background and aims: Polymorphisms in the human transcription factor 
7-like 2 (TCF7L2), which plays a key role in the Wnt signaling pathway, are 
strongly associated with type 2 diabetes (T2D) in multiple populations. Risk 
genotypes in TCF7L2 gene are associated with impaired insulin secretion and 
incretin effect and with hepatic insulin resistance. The aim of our study was 
to examine the role of TCF7L2 gene variants in the pathogenesis of T2D, 
gestational diabetes (G) and polycystic ovary syndrome (PCOS) in Czech 
population.
Materials and methods: The study involved 1460 Czech Caucasian individu-
als: 347 patients with T2D (D: M/F 115/232); 261 gestational diabetics (G); 
147 offspring of T2D (O: M/F 48/99); 329 women with PCOS defined accord-
ing to ESHRE consensus (PCOS) and 376 controls (C: M/F 123/253). Oral 
glucose tolerance test (oGTT) with sampling for blood glucose, insulin, C-
peptide, proinsulin and glucagon and insulin tolerance test (ITT) were per-
formed (except of T2D patients). Moreover, anthropometric parameters, 29 
biochemical parameters and hormones and oGTT- and ITT- derived indices 
were evaluated. The SNPs: rs7901695 (T>C); rs7903146 (C>T); rs12255372 
(G>T) in the TCF7L2 gene were assessed by ABI TaqMan SNP Genotyping 
Assays. Particular haplotypes were generated by PHASE software. Statistics 
(Chi-Square test, Mann-Whitney test and GLM Anova) was done using 
NCSS 2004.
Results: PHASE generated 6 haplotypes whereas four most frequent haplo-
type combinations TCG/TCG, CTT/TCG, CTT/CTT and CTG/TCG were 
studied. The frequency of the risk homozygous CTT/CTT haplotype com-
bination was decreasing in the studied groups as follows: D 10.6, O 9.5, G 
6.1, C 5.32 and PCOS 4.9 [%] and the distribution of CTT carriers did not 
differ in particular groups with respect to BMI. The CTT haplotype showed 
a signif. association with T2D with OR [95%CI] 1.57 [1.23;2.01], p=0.0003, 
for CTT homozygotes the OR was 2.25 [1.28;3.98], p=0.006. Interestingly, the 
frequency of the fourth most often haplotype combination CTG/TCG was 
almost twice higher in gestational diabetics compared with all other studied 
groups (7.7% vs 2.9-4.26%) and it was associated with gestational diabetes 
risk, OR 2.59 [1.12;6.01], p=0.036. In cohorts we did not observe the influ-
ence of risk TCF7L2 haplotype on fasting and stimulated insulin, proinsu-
lin, C-peptide and glucagon secretion and on any other screened parame-
ter except of polyunsaturated fatty acids where the % of fasting PUFA was 
significantly decreased in CTT carriers vs. non-carriers in control women 
(p=0.0009), esp. due to lower proportion of (n-6) PUFA. The same trend was 
apparent in gestational diabetics (p=0.06). After pooling of all women (except 
of T2D patients), the signif. decreased levels of oGTT-stimulated insulin were 
apparent but the insulinogenic index as well as disposition indices did not 
differ between CTT carriers and non-carriers. The most significant associa-
tion remained % of fasting PUFA, even after adjustments for age and BMI 
(p=0.00008, power 0.98) or HOMAR (p=0.0001, power 0.97).
Conclusion: The strong association of TCF7L2 haplotypes with T2D and 
gestational diabetes was confirmed. The most risk haplotype combination 
for T2D is CTT/CTT but surprisingly, CTG/TCG for gestational diabetes. In 
women, the CTT carriership was associated with lower % of fasting PUFA. 
The association with polycystic ovary syndome was not found.
Supported by: IGA MH CR NS/9839-4
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Evaluation of chloride channel-3 as a potential target for TCF7L2-
dependent impairment of insulin secretion
X. Jing, Y. Zhou, P. Osmark, S. Lang, L. Groop, O. Hansson, E. Renström; 
Lund University Diabetes Centre, Malmö, Sweden.

Background and aims: The transcription factor TCF7L2 is the most im-
portant type 2-diabetes gene discovered to date. The splicing pattern of the 
transcription factor is complex and varies among tissues. We have recently 
demonstrated that human (and rat) islets primarily express a TCF7L2 mRNA 
species that contains exon 4. Here we have investigated the correlation be-
tween expression of the exon 4-containing TCF7L2 splice variant and expres-
sion of ion channel target genes in human islets of Langerhans.
Materials and methods: The percentage of the exon4-containing-TCF7L2 
transcripts was measured with QPCR using absolute quantification. Statis-
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tic analyses were performed using non-parametric Spearsman correlation 
(SPSS 16.0). Candidate genes were analysed using Gene Set Analysis Tool 
kit (http://bioinfo.vanderbilt.edu/). Using rat clonal INS-1 cells, ClC-3 was 
silenced using the EGFP-containing PRNA-H1.1 vector (GenScript Corp, Pis-
cataway, NJ, U.S.A) with 76 basepair shRNA insert with the CTCCGGAAT-
TCCAGAGATTAA target sequence in rat ClC-3. Expression and knockdown 
was verified by immunoblotting using an anti-ClC-3 antibody (kindly pro-
vided by Prof. T. Jentsch). Insulin granules were purified using a Phogrin-
EGFP adenovirus (BD Adeno-X expression system 1, Clontech, CA, U.S.A). 
INS-1 cells were homogenized and EGFP-positive particles were collected 
using a Becton Dickinson Cell Sorter. Secretion in ClC3-silenced cells was 
quantified as the ratio of secreted hGH over total hGH content/well, in cells 
coexpressing hGH and the shRNA.
Results: The binding motif (A-C/G-A/T-T-C-A-A-A-G) of TCF7L2 was 
investigated in the promoter region of all annotated genes and regions in 
the human genome using a bio-informatics approach (Pearl). All together 
2759 annotated genes were found to contain the TCF7L2 binding motif. 
Out of these 2759 genes, the expression of 205 genes correlated significantly 
(P=0.05) with exon4-containing-TCF7L2 expression. Using pathway analy-
sis, the Chloride Channel 3 (CLCN3) was identified as a potential target and 
further evaluated. ClC3 protein expression was first verified by immunob-
lotting, and then silenced by RNA interference. A 65% down-regulation in 
ClC3 protein expression coincided with a 27% decrease (P<0.05) in regulated 
secretion. Cell fractionation experiments demonstrated that ClC-3 was pri-
marily associated with intracellular membranes. A purified insulin granules 
preparation was enriched in insulin by a factor of ~20 over the homogenate 
when normalized to protein content. Interestingly, the granule fraction also 
expressed significantly higher amounts of ClC-3 than the total cell homoge-
nate, whilst not expressing markers of plasma membrane, lysosomes, SLMV, 
early or recycling endosomes, or mitochondria.
Conclusion: The splicing pattern of TCF7L2 affects expression of the chlo-
ride channel ClC-3, which in turn has the capacity to regulate insulin secre-
tion. This action is likely to involve a direct action on the ion composition of 
the insulin granule interior.
Supported by: Linnaeus grant to the LUDC from the Swedish Research Council
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Studies of circulating plasma levels of glucose, insulin, glucagon and 
incretins following a meal challenge in carriers of high and low risk 
TCF7L2 genotypes
A.P. Gjesing1, L. Kjems2, M.A. Vestmar1, A. Linneberg3, C.F. Deacon4,  
T. Jørgensen3,4, J.J. Holst4, O. Pedersen1,5, T. Hansen1,6; 
1Hagedorn Research Institute and Steno Diabetes Center, Gentofte, 
Denmark, 2Novaris Pharmaceuticals, Cambridge, United States, 3Research 
Centre for Prevention and Health, Glostrup, Denmark, 4Faculty of Health 
Science, Copenhagen, Denmark, 5Faculty of Health Science, Aarhus, 
Denmark, 6Faculty of Health Science, Odense, Denmark.

Background and aims: The rs7903146 T-allele of transcription factor 7-like 2 
(TCF7L2) has in several populations shown association with type 2 diabetes. 
The biological mechanism behind this association is, however, only partly 
elucidated. Some studies have indicated that the effect of the TCF7L2 T-allele 
might be mediated via decreased incretin secretion and/or action. We aimed 
to study circulating levels of glucose, proinsulin, insulin, glucagon, glucagon-
like peptide-1 (GLP-1), glucagon-like peptide-2 (GLP-2) and gastric inhibi-
tory polypeptide (GIP) among individuals carrying the high-risk rs7903146 
TT-genotype and low-risk GG-genotype, respectively, following a standard-
ised meal challenge.
Materials and methods: A meal challenge was performed in 31 glucose-tol-
erant men (age: 54 ± 7 years and BMI: 26 ± 3 kg/m2) with rs7903146 TT-gen-
otype and in 31 glucose-tolerant age- and BMI-matched men with GG-geno-
type (age: 53 ± 6 years and BMI: 26 ± 3 kg/m2). Plasma levels of proinsulin, 
insulin, C-peptide, glucose, glucagon, GLP-1, GLP-2 and GIP were obtained 
0, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 180, 210, 240 min after ingestion 
of a standardised breakfast meal.
Results: Carriers of the high risk TT-genotype had a significantly lower level 
of fasting plasma glucose (5.44 ± 0.36 mmol/l vs 5.76 ± 0.41 mmol/l, p=0.002). 
In contrast, levels of plasma GIP were significantly higher among TT-geno-
type carriers 135 min to 180 min during the meal challenge (67.41 ± 31.20 
pmol/l vs. 50.57 ± 21.04 pmol/l, p=0.03). We did not observe any differences 
in fasting or stimulated levels of proinsulin, insulin, GLP-1, GLP-2 or gluca-
gon. Analyses estimating prehepatic insulin secretion rates, beta-cell respon-
siveness to glucose and incretin secretion are presently being performed.

Conclusion: No significant difference in post-prandial levels of glucose, in-
sulin, proinsulin, GLP-1, GLP-2 and glucagon was observed. Surprisingly, we 
found a significantly lower level of fasting plasma glucose among TT-geno-
type carriers and higher levels of post-prandial plasma GIP.
Supported by: Novartis Pharmaceuticals, University of Copenhagen and Novo 
Nordisk
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Direct molecular phenotyping in crosses and congenic strains of the 
diabetic Goto-Kakizaki rat identifies novel diabetes candidate genes
M. Ria1, M.-T. Bihoreau1, S.P. Wilder1, S.C. Collins2, K. Argoud1,  
P.J. Kaisaki1, P. Rorsman2, D. Gauguier1; 
1The Wellcome Trust Centre for Human Genetics, University of Oxford, 
2Oxford Centre for Diabetes, Endocrinology and Metabolism, University of 
Oxford, United Kingdom.

Background and aims: Insulin resistance and altered insulin secretion are 
cardinal features of type 2 diabetes (T2D). The Goto-Kakizaki (GK) rat is an 
inbred model of spontaneous T2D extensively used to identify genetic loci 
causing pathophysiological components of the disease. The aim of the study 
is to characterise functional candidate genes for obesity and diabetes through 
molecular phenotype analysis derived by genome wide gene transcription 
profiling in panels of F2 hybrids and congenic strains of the GK and non-
diabetic Brown Norway (BN) rats.
Materials and methods: Illumina BeadChips were used to determine the 
abundance of over 20,000 transcripts in fat biopsies of GKxBN F2 hybrids 
(n=138) and in liver, skeletal muscle and fat biopsies of rats of 11 BN.GK con-
genic strains containing GK alleles across various segments of chromosome 1 
on a BN genetic background. R/qtl was used for expression quantitative trait 
locus (eQTL) mapping. Transcript and protein levels were further tested by 
qRT-PCR and Western Blotting. The biological role of variants identified in 
functional and positional candidate genes was tested by chemiluminescent 
assays in transfected cell lines. Insulin secretion tests were performed in in-
cubated islets.
Results: Data from genome-wide gene expression of fat biopsies in the F2 
cross identified 585 statistically significant eQTLs (LOD>9), mostly regulated 
in cis, that co-localise to a large extent with QTLs for diabetes/obesity re-
lated variables and 1H-NMR metabonomic traits. Analysis of tissue-specific 
expression profiles in chromosome 1 congenic strains indicated that the vast 
majority of differentially expressed transcripts were found in fat and liver, 
with a large proportion of the latter (74%) being liver-specific. Replicated 
eQTLs in F2 hybrids and congenics which co-segregate with the insulin se-
cretion QTL, include genes localised in a 2Mb congenic locus in chromo-
some 1 associated with altered insulin secretion in vivo and vitro. Potentially 
functional variants were found in differentially expressed genes at the locus, 
including in a glutamate transporter (Slc1a1) that may account for the insulin 
secretion QTL.
Conclusion: Combining eQTL mapping in F2 crosses and congenics pro-
vides a novel strategy to identify positional and functional candidate genes 
for diabetes and obesity QTLs.
Supported by: Swedish Research Council, EC Marie Curie programme, EC-
funded FGENTCARD contract, Wellcome Trust
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Circulating HMW adiponectin isoform is heritable and shares a common 
genetic background with insulin resistance in non diabetic white 
Caucasians from Italy: evidences from a family-based study
C. Menzaghi1, L. Salvemini1, G. Paroni1, C. De Bonis1, D. Mangiacotti1,  
G. Fini1, A. Doria2,3, R. Di Paola1, V. Trischitta1,4; 
1Research Unit of Diabetes and Endocrine Diseases, IRCCS, San Giovanni 
Rotondo, Italy, 2Joslin Diabetes Center, Boston, MA, United States, 3Harvard 
Medical School, Boston, United States, 4Università “Sapienza”, Rome, Italy.

Background and aims: Reduced circulating adiponectin levels contribute 
to the etiology of insulin-resistance. Adiponectin circulates in three differ-
ent isoforms: high (HMW), medium (MMW), and low (LMW) molecular 
weight. The genetics of adiponectin isoforms is mostly unknown.
Our aim was to investigate whether and to which extent circulating adiponec-
tin isoforms are heritable and whether they share common genetic back-
grounds with insulin resistance-related traits.
Materials and methods: In a family based sample of 640 non diabetic White 
Caucasians from Italy, serum adiponectin isoforms concentrations were 
measured by ELISA. Three SNPs in the ADIPOQ gene previously reported 
to affect total adiponectin levels (rs17300539, rs1501299 and rs677395) were 
genotyped. The heritability of adiponectin isoform levels was assessed by 
variance component analysis. A linear mixed effects model was used to test 
association between SNPs and adiponectin isoforms. Bivariate analyses were 
conducted to study genetic correlations between adiponectin isoforms levels 
and other insulin resistance-related traits.
Results: All isoforms were highly heritable (h2=0.60-0.80, p=1x10-13-1x10-23). 
SNPs rs17300539, rs1501299 and rs6773957 explained a significant propor-
tion of HMW variance (2-9%, p=1x10-3-1x10-5). In a multiple-SNP model, 
only rs17300539 and rs1501299 remained associated with HMW adiponec-
tin (p=3x10-4 and 2.0x10-2). Significant genetic correlations (p=1x10-2-1x10-

5) were observed between HMW adiponectin and fasting insulin, HOMAIR, 
HDL-cholesterol and the metabolic syndrome score. Only rs1501299 partly 
accounted for these genetic correlations.
Conclusion: Circulating levels of adiponectin isoforms are highly heritable. 
The genetic control of HMW adiponectin is shared in part with insulin resist-
ance-related traits and involves, but is not limited to the ADIPOQ locus.
Supported by: Italian Ministry of Health
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Angiopoietin-like protein 3 polymorphism is associated with 
dyslipidaemia in Korean type 2 diabetic patients
K. Lee, J. Chung, D. Cho, D. Chung, M. Chung; 
Chonnam National University Medical School, Gwangju, Republic of Korea.

Background and aims: Patients with type 2 diabetes mellitus frequently have 
central obesity and several forms of dyslipidemia. Angiopoietin-like protien 
3 (ANGPTL3) has metabolic effects within adipose tissue, such as inhibition 
of lipoprotein lipase activity and stimulation of lipolysis. These effects were 
convincingly demonstrated in mice. These observations may indicate that 
Angptl3 might regulate lipid metabolism and distribution of body fat. We 
hypothesized that genetic variation within the ANGPTL3 gene contributes 
to metabolic traits, such dyslipidemia and obesity in patients with type 2 dia-
betes mellitus. We therefore genotyped for the 2 single nucleotide polymor-
phisms (SNPs) rs17123725 (C/T) and rs12023629 (A/G) of ANGPTL3, and 
investigated that the polymorphism is associated with metabolic traits in type 
2 diabetic patients.
Materials and methods: One hundred and thirty-six type 2 diabetic patients 
(M: 65, F: 71; mean age: 59.80 ± 12.23 years) and forty-one control subjects 
(M: 18, F: 23; mean age: 58.49 ± 12.29 years) were recruited. All subjects 
underwent assessment for diabetes duration, the degree of obesity, and meas-
ured fasting plasma glucose, fasting immunoreactive insulin, HbA1C, fasting 
plasma C-peptide, fasting free fatty acid, high sensitivity C-reactive protein 
and lipid profiles. The polymorphisms of ANGPTL3 were genotyped by di-
rect sequencing of the corresponding polymerase chain reaction product.

Results: The genetic frequency of rs17123725 (CT) hetero type was not 
significantly different between type 2 diabetic patients and control subjects 
(11.8% vs. 9.8%, P= 0.722). Type 2 diabetic patients with rs17123725 (C/T) 
polymorphism had significantly the use of HMG-CoA inhibitors and fibric 
acids than those with rs17123725 (TT) wild type (62.5% vs. 32.8%, P <0.05). 
Age, body mass index, waist circumference, HbA1C, total cholesterol level, 
HDL-cholesterol level, LDL-cholesterol and Triglyceride level were not dif-
ferent in two groups. After adjusted for the use of HMG-CoA inhibitors and 
fibric acids, this polymorphism was independently associated with triglyc-
eride. We analyzed type 2 diabetic patients according to rs17123725 (CT) 
hetero type polymorphism, excluding the patients with the use of HMG-CoA 
inhibitors and fibric acids. Type 2 diabetic patients with rs17123725 (CT) 
hetero type polymorphism had significantly higher level of triglyceride than 
patients with rs17123725 (TT) wild type (208.3 ± 114.6 vs. 136.1 ± 81.3 
mg/dL, P < 0.05). All the genotyping of rs12023629 of ANGPTL3 revealed 
rs12023629 (A/G).
Conclusion: This study suggested that the rs17123725 (C/T) polymorphism 
might be associated with dyslipidemia in Korean type 2 diabetic patients.
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Screening of 336 single nucleotide polymorphisms (SNPs) in 85 obesity-
related genes revealed that MKKS and MYO9A variants are associated 
with metabolic syndrome
K. Hotta1, T. Nakamura2, J. Wada3, H. Masuzaki4, T. Funahashi5,  
K. Hamaguchi6, K. Tanaka7, K. Yamada8, T. Hanafusa9, S. Oikawa10,  
H. Yoshimatsu11, K. Nakao4, N. Kamatani2; 
1Laboratory for Endocrinology and Metabolism, RIKEN, Kanagawa, 
2Laboratory for Statistical Analysis, RIKEN, Kanagawa, 3Department of 
Medicine and Clinical Science, Okayama University Graduate School of 
Medicine and Dentistry, 4Department of Medicine and Clinical Science, 
Kyoto University Graduate School of Medicine, 5Department of Metabolic 
Medicine, Osaka University, 6Department of Community Health and 
Gerontological Nursing, Oita University, 7Institute of Health and Sport 
Sciences, University of Tsukuba, Ibaraki, 8Division of Endocrinology and 
Metabolism, Kurume University, Fukuoka, 9First Department of Internal 
Medicine, Osaka Medical College, 10Division of Endocrinology and 
Metabolism, Nippon Medical School, Tokyo, 11Department of Anatomy, 
Biology and Medicine, Oita University, Japan.

Background and aims: Genetic factors are important in the development 
of metabolic syndrome. However, the genetic background of metabolic 
syndrome remains unclear. We screened single nucleotide polymorphisms 
(SNPs) in 85 obesity-related genes to determine which may be associated 
with metabolic syndrome.
Materials and methods: Patients with metabolic syndrome (n=1080) and 
control individuals without metabolic syndrome (control-1; n=1524) were 
recruited for this study. Control-2 (n=528) was selected from control-1 who 
had no risk of the metabolic syndrome. A total of 336 SNPs in 85 genes se-
lected from the JSNP database were genotyped. Discriminant scores were 
estimated by linear discriminant analysis using age, gender, BMI, fasting 
plasma glucose, triglycerides, HDL cholesterol, systolic and diastolic blood 
pressure, and treatments of diabetes, dyslipidemia, and hypertension as vari-
ables. The differences in discriminant scores between two genotype groups 
(either dominant or recessive model) were analyzed by the Mann-Whitney U 
test using case and control-1. We conducted case-control association analyses 
using case and control-2.
Results: Three SNPs in the MKKS gene were significantly related to meta-
bolic syndrome by case-control association study using case and control-2; 
rs1545 (odds ratio [OR] adjusted for age and gender, 1.45; 95% confidence 
interval [CI], 1.21-1.74; P=0.000043 [additive model]); rs1547 (OR, 1.45; 
95% CI, 1.21-1.74; P=0.000041); and rs2294901 (OR, 1.46; 95% CI, 1.22-1.75; 
P=0.000033). We selected five tag SNPs (rs2294901, rs221667, rs6133922, 
rs6077785 and rs6108572). They were in one linkage disequilibrium (LD) 
block and rs6133922 (P=0.00042), rs6108572 (P=0.000013), and rs6077785 
(P=0.000019) were significantly associated with metabolic syndrome. The 
discriminant score for the AA homozygotes at SNP (rs2306576) in MYO9A 
gene was significantly higher than those for the AG heterozygotes and the GG 
homozygotes (P=0.000077).
Conclusion: Genetic variations in the MKKS and MYO9A genes may influ-
ence the risk of metabolic syndrome.
Supported by: Japanese Millennium Project, Kato Memorial Trust for Nambyo 
Research, TANITA Healthy Weight Community Trust
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Genetic variants across regulatory pathways of lipid and glucose 
metabolism: interaction effects with BMI on glucose levels
C.M. Povel1,2, E.J.M. Feskens1, S. Imholz2, C. Wijmenga3, M.E.T. Dolle2, 
J.M.A. Boer2; 
1Division of Human Nutrition, Wageningen University, 2National Institute 
for Public Health and the Environment (RIVM), Bilthoven, 3Deparment of 
Biomedical Genetics, University Medical Centre Utrecht, Netherlands.

Background and aims: Much of the genetic variation in glucose levels re-
mains to be discovered. Especially, research on gene-environment interac-
tions is scarce. Overweight is the main environmental risk factor for hyperg-
lycemia. Transcriptional regulation is important for both weight maintenance 
and glucose control. We therefore analyzed 349 single nucleotide polymor-
phisms (SNP’s), occurring in transcriptional pathways of glucose and lipid 
metabolism, and their interaction effects with body mass index (BMI) on 
glucose levels.
Materials and methods: 349 SNP’s were measured in 3244 participants of 
the Doetichem cohort. Non-fasting glucose levels and BMI were measured 
at baseline and after 6 years. SNP x BMI interactions were analyzed by mixed 
models and adjusted for age, sex and time since last meal. False Discovery 
Ratio (FDR) < 0.2, was used to adjust for multiple testing.
Results: Two SNP’s, rs8192678 (P-value = 0.0002; FDR=0.07) and rs3755863 
(P=0.0012; FDR=0.17), showed a significant interaction with BMI. These 
SNP’s are both located in the PPARGC1A gene. In subjects with a BMI <=25 
kg/m2, rs8192678 (P=0.02) and rs3755863 (P=0.03) were significantly associ-
ated with glucose levels. No effect was observed in subjects with BMI >25 
kg/m2.
Conclusion: Using a pathway based approach, we found a significant asso-
ciation between the PPARGC1A (rs8192678; rs3755863) x BMI interaction 
and glucose levels. The association between glucose and PPARGC1A was 
only present in lean subjects.This suggests that the effect of the PPARGC1A 
gene, which is involved both in fatty acid oxidation and glucose metabolism, 
is modified by BMI.

339
The association of FTO gene haplotypes with OGTT stimulated 
metabolic parameters in lean women
P. Lukasova, J. Vcelak, M. Vankova, H. Kvasnickova, J. Vrbikova,  
B. Bendlova; 
Laboratory of Molecular Endocrinology, Institute of Endocrinology, Prague, 
Czech Republic.

Background and aims: Several single nucleotide polymorphisms (SNPs) in 
the fat mass and obesity associated gene (FTO) are related to the susceptibil-
ity to diabetes mellitus type 2 (DM2) through an influence on obesity that 
plays an important role also in the pathogenesis of polycystic ovary syndrome 
(PCOS). Nevertheless, the mechanism by which the FTO influences obesity 
related traits is still unknown. The aim of our study is to compare the FTO 
gene haplotypes frequencies in the groups of patients with PCOS and healthy 
controls without family history of DM2 and PCOS; and to evaluate the asso-
ciations of the haplotypes with detailed anthropometric data, parametres of 
glucose and lipid metabolism, selected hormones and adipokines.
Materials and methods: The SNPs: rs1421085 (T/C); rs1121980 (G/A); 
rs17817449 (T/G) and rs9939609 (T/A) in the FTO gene were assesed by 
ABI TaqMan SNP Genotyping Assays; haplotypes were generated using pro-
gramme PHASE. Study cohorts: 294 patients with PCOS defined according 
to ESHRE consensus (age 27.7±6.36 years; BMI 26.8±6.55 kg/m2) and 234 
healthy women (age 29.8±10.67 years; BMI 23.4±4.41 kg/m2) were biochemi-
cally (29 parameters) and anthropometrically (measurements were evaluated 
using programme Antropo) carrefully characterized including 3h OGTT and 
derived indices. For statistical evaluation (Chi-square test, Mann-Whitney 
test, ANOVA), NCSS 2004 software was used.
Results: Two major haplotypes TGTT; CAGA (covering more than 92 % of 
all possible combinations) did not differ in frequency distributions between 
groups. The association of the carriership of the risk haplotype CAGA with 
BMI was stronger in PCOS patients (p=0.003) than in controls (p=0.018). 
In the PCOS group the frequency of the minor haplotype CAGA signifi-
cantly increased from the normal weight via the overweight to obese patients 
(p=0.008). To evaluate the influence of CAGA risk haplotype on metabolic 
parameters, we focused on lean subjects (BMI < 25 kg/m2). After pooling 
of lean PCOS and control women, significantly increased late phase OGTT 

stimulated levels of glucose (120min p=0.014; 150min p=0.021), C-peptide 
(120min p=0.031; 150min p=0.005; 180min p=0.022) and insulin (150min 
p=0.027; 180min p=0.007) were detected in CAGA carriers vs. non-carriers. 
The lean CAGA carriers had decreased several disposition indices (beta-cell 
function x insulin sensitivity) (p=0.011 - p=0.043) and also significantly high-
er levels of fasting and OGTT stimulated growth hormone (0min p=0.020; 
60min p=0.001).
Conclusion: Our study suggests that FTO influences not only BMI and obes-
ity related traits but in lean persons it could also affect metabolic parame-
ters such as OGTT stimulated glucose, insulin, C-peptide and surprisingly 
growth hormone levels.
Supported by: IGA MHCR NS/9839-4
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Impact of variation near MC4R on whole body fat distribution, liver fat 
and weight loss
A. Haupt1, C. Thamer1, M. Heni1, F. Machicao1, H. Staiger1, F. Schick2,  
J. Machann2, N. Stefan1, H.-U. Häring1, A. Fritsche1; 
1Department of Internal Medicine, Division of Endocrinology, Diabetology, 
Angiology, Nephrology, 2Section on Experimental Radiology, Department 
of Diagnostic Radiology, Eberhard-Karls-University, Tübingen, Germany.

Background and aims: Polymorphisms near the melanocortin-4 receptor 
(MC4R) gene locus are associated with body weight. Recent studies have 
shown that they influence insulin sensitivity and incidence of the metabolic 
syndrome. Thus, we hypothesized that the candidate SNP rs17782313 near 
MC4R additionally influences body fat distribution and its change during 
lifestyle intervention.
Materials and methods: To test this, 343 subjects were genotyped for SNP 
rs17782313, T/C. Body composition was assessed using magnetic resonance 
technique. Subjects were characterized by an oral glucose tolerance test. 242 
subjects participated in a 9 month lifestyle intervention.
Results: The C allele was associated with a higher BMI (p=0.0013), but had 
no impact on glucose tolerance or insulin sensitivity (all p>0.10). There was 
an effect of the SNP on total fat (p=0.022) and non-visceral fat (p=0.017), but 
not on liver fat and visceral fat (all p>0.33). During lifestyle intervention, SNP 
rs17782313 has no impact on changes in body weight or fat distribution.
Conclusion: Despite an association with BMI and non visceral adipose tis-
sue, the SNP rs17782313 did not influence visceral adipose tissue. Thus, this 
candidate SNP for human obesity may preferentially affect the accumulation 
of subcutaneous adipose tissue. Furthermore, the variation near MC4R has 
no effect on success of weight loss during lifestyle intervention.
Supported by: the German Research Foundation
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Insulin-stimulated glucose uptake in subcutaneous fat and liver in 
patients with the mitochondrial m.3243A>G mutation
M.M. Lindroos1, R. Borra1, K.A. Virtanen1, V. Lepomäki1, P. Iozzo1,2,  
K. Majamaa3, P. Nuutila1; 
1Turku PET Centre, University of Turku and Turku University Hospital, 
Finland, 2PET Centre, National Research Council, Pisa, Italy, 3Department 
of Neurology, University of Oulu, Finland.

Background and aims: Insulin resistance in adipose tissue and excess liver 
fat have been associated with mitochondrial dysfunction in metabolic syn-
drome and lipodystrophy. The aim of this study was to assess the effect of 
mitochondrial DNA point mutation m.3243A>G, the most common cause of 
mitochondrial diabetes, on adipose tissue and liver metabolism.
Materials and methods: Fifteen patients with m.3243A>G, eight with no 
glucose lowering medication (group 1) and seven patients with diabetes 
(group 2) were studied. In addition, 12 patients with metabolic syndrome 
and no glucose lowering medication and 20 healthy controls were examined. 
Regional glucose uptake was measured using positron emission tomography 
and 2- [18F] fluoro-2-deoxyglucose during euglycemic hyperinsulinemia. 
Liver fat was assessed with proton magnetic resonance spectroscopy.
Results: Glucose uptake in subcutaneous fat was lower and free fatty acid 
levels were higher during hyperinsulinemia in groups 1 and 2 and in patients 
with metabolic syndrome as compared to the controls. (5 ± 1 and 6 ± 1 and 6 
± 1 vs 12 ± 1; µmol•min-1•kg-1 and 0.09 ± 0.02, 0.16 ± 0.03, 0.12 ± 0.02 vs 0.05 
± 0.01; mmol•l-1, Mean ± SE). Insulin-stimulated glucose uptake in the liver 
in groups 1 and 2 and in patients with metabolic syndrome did not signifi-



Diabetologia (2009) 52:[Suppl1]S1–S550 S 143

1 C

cantly differ from that in the controls (22 ± 3 and 17 ± 2 and 14 ± 1 vs 18 ± 1; 
µmol•min-1•kg-1). Liver fat content was not significantly elevated in groups 1 
and 2 but was significantly higher in patients with the metabolic syndrome as 
compared to controls (4.7 ± 3 and 2.5 ± 1 and 8.5 ± 2 vs 1.2 ± 1; %).
Conclusion: Our results suggest that the patients with the m.3243A>G mu-
tation are insulin resistant in adipose tissue with no concurrent metabolic 
changes in liver.
Supported by: Academy of Finland
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DPP-IV inhibitors are efficient adjunct therapy in HNF-1α MODY 
patients
B. Katra1, T. Klupa1, J. Skupien1, S. Gorczynska-Kosiorz2, K. Wanic1,  
M. Szopa1, M. Borowiec3, E. Kozek1, M.T. Malecki1; 
1Department of Metabolic Diseases, Jagiellonian University, Krakow, 
2Department of Internal Medicine, Diabetology and Nephrology, Medical 
University of Silesia, Zabrze, 3Department of Pediatrics, Medical University 
of Lodz, Poland.

Background and aims: The pharmacogenetic effect of marked sulphonylurea 
(SU) sensitivity in HNF-1α MODY has been well documented and, as such, 
SU remains the first line therapy in the treatment of MODY3 patients. Over 
time, however, this treatment becomes insufficient in a substantial number 
of these subjects. Dipeptidyl-peptidase (DPP)-IV inhibitors are a new class 
of therapeutic agents that enhance insulin secretion, a major pathophysi-
ological defect in HNF-1α MODY. For the first time, we report two patients 
with HNF-1α gene mutations who failed to respond to SU monotherapy but 
showed marked response to DPP-IV inhibitors.
Aim of the study: To assess the efficacy of DPP-IV inhibitors in HNF-1α 
MODY patients who failed to respond to SU monotherapy and safety.
Materials and results: Case 1- a 39 years old female patient with a ArgR171X 
HNF-1α mutation and a 7 year history of diabetes treated with 80 mg of gli-
clazide and 1000 mg of metformin. At entry into the study, her initial HbA1c 
and mean glucose levels on Continuous Glucose Monitoring System (CGMS) 
were 7.2% and 162 mg/dL, respectively. Sitagliptine, a DPP-IV inhibitor, at a 
dose of 100 mg/day was added to the patient’s previous treatment regimen. 
Case 2- a 62 years old female patient with a IVS7nt-6G>A mutation and a 
41 year history of diabetes treated with 240 mg/day of gliclazide and 6 IU of 
insulin/day. Her initial HbA1c was 8.8%, and her average glycemia on CGMS 
record reached 172 mg/dL. In addition to her previous regimen, we began 
combined therapy that included 50 mg of the DPP-IV inhibitor vildagliptine 
twice daily. At the re-examination 3 months after the initiation of DPP-IV 
therapy, HbA1c levels of both patients had fallen to 6.3%. Similarly, signifi-
cant improvement in glycemic control on CGMS was observed as the aver-
age glycemia decreased to 114 mg/dL and 134 mg/dL in Case 1 and Case 2, 
respectively. No episodes of hypoglycemia below 60 mg/dL were recorded 
and no other side effects were reported during the 3-month treatment pe-
riod. Importantly, we saw a substantial rise in insulin level increments during 
Intravenous Glucose Tolerance Tests performed at the beginning and at the 
end of the observation in both patients (by 9.8 and by 13.4 μIU/ml in Case 1 
and Case 2, respectively).
Conclusion: In summary, DPP-IV inhibitors seem to be an effective and safe 
component of combined therapy in HNF-1α MODY patients. We postulate 
that a future randomized controlled trial should determine their efficacy as 
an alternative to SU monotherapy in this monogenic diabetes.
Supported by: CEED3
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Serum cystatin C level in diabetic HNF-1α gene mutation carriers 
N. Nowak1, J. Skupien1, S. Gorczynska-Kosiorz2, K. Wanic1, T. Klupa1,  
M. Szopa1, M. Borowiec3, E. Kozek1, M.T. Malecki1; 
1Department of Metabolic Diseases, Jagiellonian University, Medical 
College, Krakow, 2Department of Interal Medicine, Silesian School of 
Medicine, Zabrze, 3Department of Paediatrics, Lodz Medical University, 
Poland.

Background and aims: Cystatin C is a low molecular weight protein pro-
duced at a constant rate in all nucleated cells. It is freely filtered in the renal 
glomeruli, reabsorbed and catabolised in the proximal tubules. Cystatin C 
was shown to be an excellent marker of glomelular filtration rate (GFR) in 
various group of patients, including diabetic subjects. The hepatocyte nuclear 
factor (HNF-1α) gene mutations cause one of subtypes of MODY. The phe-
notype is not only an early-onset diabetes, but also renal tubulopathy and 
impaired synthesis of certain proteins. Our aim was to measure cystatin C se-
rum level in diabetic HNF-1α gene mutation carriers and investigate whether 
it is altered in this monogenic form of diabetes, in order to evaluate its clinical 
applicability as a GFR marker.



S 144 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

Materials and methods: We examined 25 HNF-1α MODY patients (mean 
age at examination 33.6 yrs, mean diabetes duration 8.7 years) and 98 indi-
viduals with type 1 diabetes (T1DM) (33.9 yrs and 14.2 yrs, respectively). In 
all study individuals serum cystatin C level was measured by immunoneph-
elometric method.
Results: The mean cystatin C level was 0.77±0.22 mg/L in HNF-1α MODY 
and 0.87±0.22 in T1DM, while mean serum creatinine level was 73.0±21.1 
umol/L and 68.2±20.1 umol/L, respectively. After adjusting for sex, age, di-
abetes duration, BMI and HbA1c in linear regression model, there was no 
significant difference in creatinine levels between the groups, while cystatin 
C serum concentration was 0.11 mg/L higher in T1DM cohort (p=0.013). 
We estimated patients’ GFR with creatinine-based methods (Cockroft Gault, 
MDRD and Jelliffe formulas) and cystatin C-based methods (Tan, MacIsaac 
and Stevens equations). Across all used approaches, there was a consistent, 
about 15-20 ml/min/1.73m2 greater difference between creatinine based and 
cystatin C based GFR estimates in MODY cohort compared to T1DM.
Conclusion: In summary, we present some evidence that cystatin C serum 
level in HNF-1α MODY might be altered by factors associated with the muta-
tions in this transcription factor. This fact may limit its clinical applicability as 
a GFR marker in the examined monogenic form of diabetes.
Supported by: CEED3
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A novel compound heterozygote mutation of transferrin receptor 2 gene 
exhibits severe diabetes in a Japanese patient with haemochromatosis
K.-I. Tsuchida1, K. Misawa1, S. Taneda1, M. Kawanaka2, G. Yamada2,  
H. Kawabata3, N. Tomosugi4, Y. Tatsumi5, A. Hattori5, H. Hayashi5,  
H. Nakayama1, N. Manda1; 
1Internal Medicine, Manda Memorial Hospital, Sapporo, 2Kawasaki 
Hospital, Kawasaki Medical School, Okayama, 3Graduate School of 
Medicine, Kyoto University, 4Medical Research Institute, Kanazawa Medical 
Institute, Uchinada, 5Department of Medicine, Aichi Gakuin University 
School of Pharmacy, Nagoya, Japan.

Hereditary hemochromatosis (HH) is a group of disorders characterized 
by progressive iron overload, which may lead to severe clinical pathologi-
cal conditions including diabetes and liver cirrhosis. Here we report a novel 
compound heterozygote mutation in transferrin receptor 2 (TFR2) gene in 
a Japanese patient with HH who exhibits severe diabetes, liver fibrosis and 
pituitary hypogonadism. DNA was extracted from whole blood sample with 
informed consent. The coding regions and splicing sites of the HFE, TFR2, 
HJV and HAMP genes were analyzed by direct sequencing of PCR-amplified 
genomic DNA. In the TFR2 gene, a novel compound heterozygote mutation, 
1100T>G (L367R) and 2008-9ACdel, were found in this patient with hemo-
chromatosis at the age of 40 years. Abdominal computed tomography showed 
very high liver density and severely atrophic pancreas. Serum ferritin was 
10191 ng/ml, and transferrin saturation rate was 94.2 % and serum hepcidin 
was 0.6 ng/ml which was extremely suppressed despite of remarkable iron 
overloading. Liver biopsy showed mild hepatic fibrosis with sever and diffuse 
iron deposition in both Kupfer cells and hepatocytes. His insulin secretion 
was severely impaired, requiring treatement with daily fifth insulin injections 
(44U/day). We previously reported 6 TfR-2 related Japanese HH cases from 4 
families for (a homozygous AVAQ 594-597 deletion, L490R and A364T mis-
sense mutations, and V561X nonsense mutation in the TFR2 gene). Among 7 
TfR2-related cases including the current case, all had liver diseases and 4 had 
diabetes. Clinical manifestations of these TfR2-HH cases varied widely from 
almost no symptoms to very severe pathological conditions. HH is thought 
to be rare in Orientals including Japanese because of the low prevalence of 
the C282Y mutation of the HFE gene in Asians. However, the current case 
and our previous results suggest that the TFR2 mutations may not be very 
rare in hemochromatosis in Japan. Further study is required to elucidate the 
frequency of TFR2-related HH in patients with diabetes and liver dysfunc-
tion in Japan.

345
Increased transferrin saturation and C282Y/C282Y genotype predict 
diabetes mellitus in two general population cohorts and a case-control 
study
C. Ellervik1, T. Mandrup-Poulsen2,3, H.U. Andersen2, A. Tybjærg-Hansen4, 
M. Frandsen2, H. Birgens5, B.G. Nordestgaard6; 
1Department of Clinical Biochemistry, Copenhagen University Hospital, 
Næstved, 2Steno Diabetes Center and Hagedorn Research Institute, 
Gentofte, 3Center for Medical Research Methodology, Copenhagen, 
4Department of Clinical Biochemistry, Copenhagen University Hospital, 
5Department of Hematology, Herlev University Hospital, 6Department of 
Clinical Biochemistry, Herlev University Hospital, Denmark.

Background: Diabetes mellitus is a common late complication to hereditary 
hemochromatosis. Previous studies of the predictive value of transferrin sat-
uration or hemochromatosis genotypes for diabetes mellitus are hampered 
by the weaknesses of cross-sectional or case-control study designs in limited 
study populations. In this study, we investigated for the first time the pre-
dictive value of increased transferrin saturation or C282Y/C282Y genotype 
in a large study of populations of inhabitants from larger Copenhagen by 
comparing hazard ratios for developing diabetes in the general population 
with odds ratios for diagnosed diabetes obtained from both a cross-sectional 
population and a case-control design.
Methods: We examined 9726 individuals from the Copenhagen City Heart 
Study, 30,000 individuals from the Copenhagen General Population Study, 
and 6120 patients with either type 1 or type 2 diabetes mellitus representing 
three study designs: a prospective study with 15 years of follow-up, a case-
control study, and a cross-sectional study.
Results: Increasing levels of transferrin saturation above 50% were associ-
ated with increased risk of diabetes (p-trend=0.002). In the prospective study, 
transferrin saturation above 60% was associated with diabetes with a hazard 
ratio of 2.1(1.1-3.9). In the cross-sectional and case-control studies, odds ra-
tios were 2.0(1.0-3.8) and 2.9(2.0-4.2), respectively. For women, the corre-
sponding risks were 3.7(1.2-11), 4.0(1.1-14), and 4.1(1.8-8.9). The hazard ra-
tio for developing need of any anti-diabetic medication in C282Y/C282Y in-
dividuals was overall 2.2(1.0-4.6) and in women 2.9(1.1-2.7); stratification by 
insulin and oral anti-diabetic medication revealed similar results in women. 
Kaplan-Meier curves for women indicated that the risks of diabetes mellitus 
in individuals with transferrin saturation above 60% or need of anti-diabetic 
medication in the C282Y/C282Y genotype were greater in postmenopausal 
women. Apart from the case-control study, risks conferred by iron overload 
or genotype in men were not significantly increased.
Conclusion: Transferrin saturation above 60% and C282Y/C282Y genotype 
predict diabetes mellitus overall and in women; the greater risk in postmeno-
pausal women is explained in part by cessation of menstrual blood loss and 
estrogen deficiency promoting reactive oxygen species formation to which 
pancreatic beta-cells are particularly susceptible.

346
The G-75A polymorphism of the Apolipoprotein A1 gene influences the 
effect of statin therapy on HDL-cholesterol levels in South Asian patients 
with type 2 diabetes
A.N. Dixon1, S.D. Rees1, A.C. Britten1, S. Kumar2, J.P. O’Hare2,  
A.H. Barnett1, M.A. Kelly1; 
1Division of Medical Sciences, University of Birmingham, 2Warwick Medical 
School, United Kingdom.

Background and aims: Background: Apolipoprotein A1 (ApoA1) is the main 
structural lipoprotein of the HDL-cholesterol (HDL-C) particle and as such 
plays an important role in the regulation of reverse cholesterol transport. Sev-
eral polymorphisms of the ApoA1 gene have been identified and the G-75A 
polymorphism has been associated with higher HDL-C levels and in some 
studies with a greater increase in HDL-C with statin treatment. The effect of 
the G-75A polymorphism on HDL-C and the influence of statin therapy on 
HDL-C levels in South Asian individuals with type 2 diabetes, however, have 
not previously been investigated. The aims of this study were firstly to deter-
mine the effect of the G-75A polymorphism on HDL-C levels prior to statin 
treatment and secondly to examine the effect of statin treatment on HDL-C 
according to ApoA1 genotype.
Materials and methods: This was a retrospective study of ethnically distinct 
Punjabi patients with type 2 diabetes who had been recruited to the UK Asian 
Diabetes Study. Data from 180 patients (81 men, 99 women) was investigated. 
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All patients were statin-niave and were commenced on either atorvastatin 
or pravastatin. Follow-up data was collected after 2-years. Genotyping was 
performed by restriction fragment length polymorphism.
Results: Three was no significant difference in baseline HDL-C levels be-
tween individuals with the -75A allele compared to those homozygous for 
the -75G allele (1.24+/-0.29 vs. 1.18+/-0.26mmol/l, p=NS). For those patients 
with the -75A allele there was no significant change in HDL-C with statin 
therapy (1.24+/-0.29 vs. 1.22+/-0.32mmol/l, p=NS), whereas there was a sig-
nificant increase in HDL-C in individuals homozygous for the -75G allele 
(1.18+/-0.26 vs. 1.30+/-0.29mmol/l, p<0.0005).
Conclusion: This study has demonstrated that the G-75A polymorphism of 
the ApoA1 gene influences the effect of statins on HDL-C levels in South 
Asian patients with type 2 diabetes. Whether the greater increase in HDL-C 
levels with statin treatment for individuals homozygous for the -75G allele 
results in a greater reduced risk of cardiovascular disease requires further 
investigation.

347
Efficacy and safety of sulphonylurea use in permanent neonatal diabetes 
due to KCNJ11 gene mutations - minimum 2-year follow-up
M.T. Malecki1, T. Klupa1, J. Skupien1, B. Mirkiewicz-Sieradzka1, A. Gach2,  
A. Noczynska3, M. Szalecki4, E. Kozek1, J. Nazim5, W. Mlynarski2,  
J. Sieradzki1; 
1Department of Metabolic Diseases, Jagiellonian University, Medical 
College, Krakow, 2Department of Paediatrics, Lodz Medical University, 
3Department of Endocrinology and Diabetology for Children and 
Adolescents, Wroclaw Medical University, 4Regional Diabetes Outpatient 
Clinic, Kielce, 5Department of Paediatric Endocrinology, Jagiellonian 
University, Medical College, Krakow, Poland.

Background and aims: The most frequent causes of permanent neonatal 
diabetes mellitus (PNDM) are mutations in the KCNJ11 gene encoding the 
Kir6.2 subunits of the beta-cell K-ATP channel. Recently, many patients 
with Kir6.2-related PNDM have been successfully transferred from insulin 
therapy to sulphonylurea (SU) treatment, resulting in an immediate improve-
ment in glycemic control. The long-term impact of SU treatment in PNDM 
patients, however, has not been determined. We aimed to investigate efficacy 
and safety of SU treatment in patients with PNDM due to KCNJ11 gene mu-
tations that were on SU over a period of minimum 2 years.
Materials and methods: We monitored glycemic control and the occurrence 
of potential side effects in 14 Kir6.2-related PNDM patients from Poland 
(mean age 14.0 years, range 5-50) that carried various KCNJ11 mutations 
and that were on SU over the period of at least 2 years.
Results: The average HbA1c level prior to the switch from insulin to SU 
was 7.69% (range 6.3-10.2). A rapid improvement in glycemic control was 
achieved, as the mean reduction of HbA1c levels during the first visit follow-
ing the transfer to SU (approximately 3-6 months post-transfer) was 1.68%. 
This level of glycemic control was maintained over the entire period of ob-
servation (median 34 months, range 27-51) with an average HbA1c level of 
6.0% (range 5.3-6.7%) at the last visit. Three of the 14 patients were lost to 
follow-up: one was not available for examination, while SU treatment was 
discontinued in two others as a result of a diagnosis of hepatitis C and for 
socioeconomic reasons, respectively. Of the 11 patients observed over the 
entire follow-up period, a rapid progression of retinal changes was observed 
in one patient, a 34 years old woman, with pre-existing proliferative diabetic 
retinopathy. No causal relationship between these changes and SU treatment 
could be proven. In all the others patients, no side effects were observed.
Conclusion: In summary, the switch from insulin therapy to SU treatment in 
PNDM related to KCNJ11 mutations was found to be an efficient therapeutic 
method over a period of at least 2 years. Although no side effects were as-
sociated with SU treatment, its role in the development of chronic disease 
complications requires further attention.
Supported by: CEED3
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The comparative metabolomics of the experimental rat and diabetic 
patient urinary composition
M. Dambrova1, I. Konrade2, A. Jankevics1, E. Skapare2, O. Pugovics1,  
E. Liepinsh1; 
1Latvian Institute of Organic Synthesis, 2Riga Stradins University, Riga, 
Latvia.

Background and aims: Metabolomics has developed to an accepted and 
valuable diagnostic tool to distinguish healthy and diseased state individu-
als. The comparative metabolomics of the diabetic experimental animal and 
patient samples is important for translational research and early diagnosis of 
Type 2 diabetes mellitus (DM). Among commonly used experimental models 
of diabetes, Zucker (fa/fa) rats represent obesity related disease state, whereas 
Goto-Kakizaki (G-K) rats are characterized by impaired glucose tolerance. 
The aim of the study was to develop appropriate methodology for metabo-
lomic studies of urine samples taken from healthy and diabetic individuals.
Materials and methods: In present study, we used metabolomic analysis 
strategy based on nuclearmagnetic resonance (NMR) method to compare 
metabolite profiles of urine samples excreted by male G-K and Zucker (fa/fa) 
rats with those of age matched Wistar rats, as well as Type 2 DM patients 
and healthy individuals. Animals (male rats, 12 weeks at the beginning of 
experiment): 30 G-K and 10 Wistar rats; 40 Zucker (fa/fa) and 10 Wistar rats. 
Samples: Averaged daily urine samples were collected at the age of 12,14,16 
and 20 weeks. Patients: 43 randomly selected human urine samples of Type 2 
DM patients, and 20 samples of healthy volunteers. Chenomx NMR software 
was used for data processing and metabolite identification. Principal Compo-
nents Analysis (PCA) and Partial Least Squares Discriminant Analysis (PLS-
DA) analyses were carried out by pls and caret packages within statistical 
language R using in-house routines. PLS-DA models were evaluated using 
bootstrap resampling and cross model validation methods.
Results: PLS-DA models showed good classification accuracy between Wis-
tar - G-K and Wistar -Zucker (fa\fa) animal strains (accuracy > 0.90). Eligi-
ble classification accuracy was obtained also by evaluation PLS-DA models 
of human urine samples (accuracy > 0.75). The metabolomic signatures of 
analyzed urine samples from Type 2 DM showed metabolite patterns dif-
ferent from those of healthy individuals both in experimental animal and 
patient samples. The metabolite profile included changed levels of creatine, 
citrate, hippurate, phenylalanine and some unidentified metabolites in the 
urine samples of G-K rats compared to Wistar rats, as well as Zucker (fa/fa) 
compared to Wistar rats and in the urine samples of Type 2 DM patients 
compared to healthy volunteers. Increased concentrations of glucose, niaci-
namide and trigonelline were observed in Zucker (fa/fa) and clinical samples, 
but not in G-K rat samples. Changes in formate and lactate concentrations 
were observed in G-K animal samples, but not in Zucker (fa/fa) and Type 2 
DM patient samples.
Conclusion: The metabolomic studies of urine samples from diabetic in-
dividuals provide further insights concerning experimental methodologies 
for data generation and processing, as well as possible markers for diabetes 
research. Even though several components of metabolic profiles in Zucker 
(fa/fa), G-K rats and Type 2 DM patient samples are similar, our results give 
evidence that both models of experimental diabetes and clinical samples are 
clearly different in respect to metabolomic studies, which might be useful 
for evaluation of drug effects and understanding of metabolic syndrome and 
diabetes related metabolic pattern fingerprints.
Supported by: European regional development fund (ERDF)
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Detection of plasma amino acids and metabolites by mass spectrometry 
and magnetic resonance spectroscopy: effects of insulin deprivation in 
type 1 diabetes
I.R. Lanza1, L.E. Ward1, S. Zhang2, H. Karakelides1, D. Raftery2, K. Nair1; 
1Division of Endocrinology, Mayo Clinic, Rochester, 2Department of 
Chemistry, Purdue University, West Lafayette, United States.

Background and aims: Nuclear magnetic resonance spectroscopy (NMR) 
and mass spectrometry (MS) provide a wealth of distinct and complementary 
information from biological specimens that can help understand how bio-
chemical pathways that are altered in by insulin deficiency. We used both of 
these analytical tools to determine the impact of insulin deficiency on plasma 
metabolic profiles during insulin deprivation and insulin treatment in type 1 
diabetic participants.
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Materials and methods: Type 1 diabetic individuals (N=7) were studied dur-
ing insulin treatment (glucose=5.3±0.1 mM) and following 8 hours insulin 
deprivation (16.7±0.7mM) and compared with non-diabetic controls. Plasma 
samples were analyzed by 1H NMR and by liquid chromatography tandem mass 
spectrometry following derivatization with Waters Masstrak AAA solution.
Results: Plasma glucose, acetone, acetoacetate and beta-hydroxybutyrate (by 
NMR) and branched chain amino acids (by MS) were elevated (P<0.05) dur-
ing insulin deprivation as expected. In contrast, the plasma concentrations of 
gluconeogenic amino acids (by MS) were lower or unchanged during insulin 
deprivation. Many amino acid metabolites such as alpha-amino-N-butyric 
acid, alpha-aminoadipoic acid, beta-amino butyric acid and cystathionine 
were elevated (P<0.05) during insulin deprivation. Plasma lactate, acetate and 
citrate (citric acid cycle) and allantoin (index of oxidative stress) (by NMR) 
were all elevated (<0.05) during insulin deprivation. Five amino acids (valine, 
isoleucine, alanine, tyrosine, and histidine) were measured by both methods 
and demonstrated similar absolute micromolar concentrations and effects of 
insulin deprivation. All changes in metabolic pathways were normalized by 
insulin treatment in comparison with non-diabetic participants.
Conclusion: The concentrations of five amino acids were similar when meas-
ured by both MS and NMR, underscoring the sensitivity and accuracy of 
both analytical techniques for these compounds. The MS-based approach for 
measuring plasma amino acids and its metabolites revealed not only an ex-
pected increase in branched chain amino acids during insulin deprivation but 
also an increase in concentrations of many individual amino acid metabo-
lites, indicating insulin’s specific effects on amiDetectionno acid metabolism. 
The observed decrease in many gluconeogenic amino acids is consistent with 
enhanced gluconeogenesis during insulin deprivation. Furthermore, NMR 
analyses revealed a unique metabolic fingerprint of insulin deprivation in 
diabetes, evidenced by significantly (P<0.05) elevated tricarboxylic acid cycle 
intermediates. It is likely that plasma citrate levels are elevated as a result of a 
downstream limitation in the tricarboxylic acid cycle or mitochondrial elec-
tron transport. These results support that insulin deficiency causes muscle 
mitochondrial dysfunction, and accumulation of citrate may have increased 
the acetyl CoA/CoA ratio, resulting in less acetylation of acetate and increased 
conversion of pyruvate to lactate. Very high allantoin in plasma is indicative 
of high oxidative stress during insulin deficiency. These results demonstrate 
the potential of MS and NMR analyses of plasma as a powerful tool to map 
altered metabolic pathways in diabetes and related metabolic disorders.
Supported by: NIH R01-DK-41973
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The genetic association between HK1 and increased HbA1c but not other 
glycaemic control related traits reveals the link between anaemia and 
HbA1c 
A. Bonnefond1, M. Vaxillaire1, N. Bouatia-Naji1, B. Balkau2, M. Marre3,  
J. Tichet4, M.-R. Jarvelin5, C. Lévy-Marchal6, F. Horber7,8, S. Hadjadj9,  
J.-P. Riveline10, G. Charpentier10, R. Sladek11, D. Meyre1, P. Froguel1,5; 
1Genomics and Molecular Physiology of Metabolic Diseases, CNRS 
UMR8090, Lille Cedex, France, 2Inserm-U780, Villejuif, France, 3Inserm-
U695, Paris, France, 4IRSA, La Riche, France, 5Imperial College London, 
United Kingdom, 6Inserm-U690, Paris, France, 7Klinik Lindberg, Berne, 
Switzerland, 8Winterthur and University Berne, Switzerland, 9Inserm-U927, 
Poitiers, France, 10Corbeil-Essonnes Hospital, France, 11McGill University 
Montreal, Canada.

Background and aims: Recently, a genome-wide association study reported 
an association between glycated hemoglobin (HbA1c) and rs7072268 within 
Hexokinase1 (HK1). HK1 is ubiquitously expressed and contributes to cata-
lyse the first step in the glycolytic pathway. Deficiency of HK1 in red blood 
cells (RBC) causes severe nonspherocytic hemolytic anemia in both humans 
and mice. Here we studied the contribution of rs7072268 to HbA1c, glucose 
homeostasis and type 2 diabetes (T2D) in several prospective European co-
horts (overall ~14,000 individuals). In addition, we assessed the impact of 
rs7072268 on two RBC-related (hemoglobin and hematocrit).
Materials and methods: The impact of rs7072268 on HbA1c and the he-
matologic traits was first assessed in 4,663 non diabetic middle-aged French 
adults from the DESIR cohort and in 2,474 non diabetic obese Swiss adults. 
Other glucose homeostasis related phenotypes were studied in DESIR as well 
as in 5,346 individuals from the Northern Finland Birth cohort at 16 years 
of age; in 1,473 young French adults from the Haguenau study; and in 2,475 
additional non diabetic French subjects. A T2D case-control study included 
7,572 T2D French individuals and 5,562 controls. All genotyping was per-
formed using a TaqMan assay.

Results: The rs7072268-T allele strongly associates with increased HbA1c 
(under an additive model, ß = 0.031%HbA1c, overall p = 3.06x10-6). Paradoxi-
cally, we found no significant association with any other marker of glucose 
control (fasting glucose, 2h-post OGTT glucose levels, fructosamine levels). 
In contrast, the rs7072268-T allele decreases both hematocrit and hemoglob-
in levels (ß = -0.166%Hematocrit, p = 8.57x10-4 and ß = -0.056g/dl, p = 8.81x10-4, 
respectively). The T2D case-control analysis displayed no evidence for as-
sociation after correction for multiple testing. However, a modest association 
was found with early-onset T2D only (under the best model [recessive], OR = 
1.21 [1.15-1.27]95%CI, p = 1.70x10-3), and the rs7072268 genotype distribution 
was statistically different between early and late-onset diabetics (p = 5.20x10-

3). In contrast, the rs7072268-T allele improves insulin sensitivity (Homa-IR) 
with no significant effect on insulin secretion Homa-B index after correction 
for multiple testing.
Conclusion: The HK1 rs7072268-T allele strongly associates with increased 
HbA1c in European populations. Surprisingly, despite adequate study power, 
rs7072268 is not associated with other markers of glucose control. An ex-
planation of this paradox may be its deleterious effect on RBC-related he-
moglobin and hematocrit. HK1 may impair the relationship between serum 
glucose levels and HbA1c through its anaemic effect, which may have clinical 
implications for T2D diagnosis and management. The putative association 
with early-onset T2D is under investigation in large sample sets.
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PS 12 Cytokines and ER stress in 
beta cells
351
Analysis of compartiment-specific caspase activation and oxidative 
damage through proinflammatory cytokines in insulin-producing cells
I. Mehmeti, S. Lortz, S. Lenzen; 
Institute of Clinical Biochemistry, Hannover Medical School, Germany.

Background and aims: Type 1 diabetes is an autoimmune disease charac-
terised by selective destruction of pancreatic ß-cells. Proinflammatory cy-
tokines, such as IL-1ß, IFN-γ and TNF-α, are key mediators of ß-cell death 
in autoimmune diabetes mainly by the induction of signalling pathways ul-
timately leading to apoptosis. In this process, reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) generated during cytokine-induced ß-
cell destruction are involved as mediators of ß-cell death. In previous stud-
ies we have shown that overexpression of a mitochondrially located catalase 
(MitoCat) prevented the increase of caspase-9 activity after cytokine treat-
ment. Therefore, the aim of this study was to characterise the influence of 
antioxidative enzymes and proinflammatory cytokines on the activation of 
ER-specific caspase-12 and additionally to investigate the interaction of cy-
tokine-mediated ER-stress, mitochondrial apoptosis induction and oxidative 
DNA damage.
Materials and methods: Quantification of caspase-9 and caspase-12 activity 
in insulin-producing RINm5F control cells and in cells overexpressing cy-
tosolic catalase (CytoCat) or mitochondrially located catalase (MitoCat) was 
performed after a 24 h exposure to IL-1ß or to a cytokine mixture (IL-1ß, 
TNF-α und IFN-γ) by flow cytometry. In order to examine the contribution 
of caspase-12 in cytokine-mediated ß-cell death, we additionally treated cells 
with a caspase-12 specific inhibitor. The cell viability was measured by the 
MTT assay and the oxidative DNA damage caused by hydroxyl radicals was 
quantified with 8-oxoguanine as a specific biomarker in a flow cytometry 
based assay after 72 h cytokine exposure.
Results: Exposure of insulin-producing RINm5F control cells to cytokines 
resulted in a significant activation of caspase-9 and ER-specific caspase-12. 
A comparable cytokine-mediated activation of caspase-12 was also observed 
in Cyto- and MitoCatalase overexpressing cells. However, the overexpression 
of MitoCatalase prevented the increase of caspase-9 activity after cytokine 
stimulation. Treatment of cells with a caspase-12 inhibitor led to a signifi-
cant decrease of cytokine-mediated caspase-12 activation. Nevertheless, the 
inhibition of caspase-12 had no effect on caspase-9 activation and the cell 
viability was in the presence or absence of the caspase-12 inhibitor signifi-
cantly decreased after cytokine incubation. Furthermore, the exposure of 
control and CytoCat cells to cytokines resulted in a significant induction of 
cytokine-reinforced iron catalysed hydroxyl radical mediated DNA damage, 
while the overexpression of MitoCat efficiently diminished the formation of 
8-oxoguanine.
Conclusion: These results suggest that the mitochondrial apoptosis pathway 
is crucial for cytokine-mediated ß-cell death, whereas the inhibition of the 
ER-specific caspase-12 had no influence on cytokine-induced decrease of 
cell viability. Overexpression of mitochondrially located MitoCatalase could 
successfully suppress activation of caspase-9 and cytokine-induced hydroxyl 
radical mediated DNA damage, resulting in a greater resistance against proin-
flammatory cytokines. These data indicate that caspase-9 and not caspase-12 
activation is crucial for apoptosis induction in insulin-producing cells and 
there is no crosstalk between the activation of these two compartment-spe-
cific caspases.

352
Inhibition of palmitate- and thapsigargin-induced GADD34 expression 
is associated with increased beta cell apoptosis
L. Fransson, Å. Sjöholm, H. Ortsäter; 
Department of Clinical Science and Education, Södersjukhuset, Karolinska 
Institutet, Stockholm, Sweden.

Background and aims: Phosphorylation of eukaryotic translation initiation 
factor 2α (eIF2α) on its serine 51 residue reduces the rate of protein syn-
thesis. The gene product of EIF2AK3, PERK, is a protein kinase residing 
in the endoplasmic reticulum (ER) membrane and is responsible for eIF2α 
phosphorylation under conditions of compromised ER function. Pancreatic 

β-cells are vulnerable to disturbances in PERK signalling. This is indicated 
by the diabetic phenotype associated with mutations in the genes PERK or 
eIF2α that abolish the ability to phosphorylate eIF2α. The phosphorylation 
status of eIF2α (p-eIF2α) is also controlled by dephosphorylation events cata-
lyzed by protein phosphatase 1 and its regulatory subunit 15A, also known 
as GADD34. Expression of GADD34 is enhanced when p-eIF2α is increased 
and provides negative feedback loop. Pharmacological inhibition of eIF2α 
dephosphorylation by salubrinal has previously been shown to induce apop-
tosis by itself and to potentiate palmitate-induced apoptosis. However, since 
salubrinal increases expression of GADD34 the effects of this compound 
might depend on elevated levels of GADD34. The aim of the present study 
was to further investigate the relationship between GADD34 expression and 
pancreatic β-cell death induced by palmitate and thapsigargin.
Materials and methods: MIN6 cells were treated with a siRNA directed 
against GADD34. After siRNA treatment cells were exposed to 0.5 mM 
palmitate or 300 nM thapsigargin. After culture we assessed apoptosis in-
duction by measuring DNA degradation. We also analyzed the phosphoryla-
tion status of PERK, eIF2α and protein levels of CHOP by Western blotting. 
Protein synthesis was assessed by measuring incorporation of 35S-labeled 
serine and methionine. Cellular levels of mRNA were measured by quantita-
tive PCR. Data is presented as means±sem and differences were evaluated by 
Students t-test.
Results: Treating MIN6 cells with thapsigargin activated PERK, as assessed 
by its phosphorylation. After 2 h of treatment, PERK phosphorylation had 
increased to 169±24 % (p<0.05) compared to untreated cells. Its activation 
increased steadily throughout the 22 h exposure period ending at 524±12 % 
of baseline level. In contrast, p-eIF2α peaked already after 4 h of treatment at 
455±48 % (p<0.05) compared to untreated cells and retuned to basal levels 
after 18 h. This indicates a strong negative feedback. Indeed, in control cells 
thapsigargin caused 25±4 fold increase in GADD34 mRNA levels while the 
induction was only 3±0.6 fold in siRNA-treated cells. In concordance, the 
rate of protein synthesis paralleled p-eIF2α. Exposing cells to palmitate gave 
a similar, but somewhat delayed, response pattern. In cells with reduced levels 
of GADD34, p-eIF2α expression was enhanced by palmitate (60±15 %) and 
thapsigargin (45±10 %) treatment compared with negative siRNA-treated 
cells. Also, CHOP protein levels were increased by palmitate (50 %) and 
thapsigargin (35 %) treatment. Apoptosis, measured as DNA degradation, 
was enhanced in cells with reduced levels of GADD34 by palmitate (25±3 %) 
and thapsigargin (20±4 %) treatment compared with negative siRNA-treated 
cells.
Conclusion: In the present study, we show that inhibition of palmitate- and 
thapsigargin-induced expression of GADD34 is associated with increased 
pancreatic β-cell apoptosis. Hence, treating β-cells with a siRNA against 
GADD34 gives a phenotype similar to that obtained by salubrinal treatment.
Supported by: Olle Engkvist Byggmästare Foundation and Swedish Society for 
Medical Research
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Inflammatory cytokines and ER stress converge on DP5/Hrk activation: a 
novel mechanism for pancreatic beta cell apoptosis
E.N. Gurzov, F. Ortis, D.A. Cunha, G. Gosset, A.K. Cardozo, D.L. Eizirik; 
Laboratory of Experimental Medicine, Universite Libre de Bruxelles (ULB), 
Belgium.

Background and aims: Cytokines contribute for pancreatic beta cell apopto-
sis in type 1 diabetes (T1D) but the mechanisms leading to cell death remain 
to be clarified. Based on microarray analysis of insulin-producing INS-1E 
and primary beta cells we have identified upregulation of death protein 5 
(DP5)/harakiri (Hrk) after cytokine treatment. DP5 belongs to the pro-apop-
totic BH3-only protein family. We presently evaluated the role of DP5 for ER 
stress- and cytokine-induced beta cell dysfunction and death.
Materials and methods: INS-1E and primary FACS-purified beta cells were 
transfected with control or siRNAs targeting DP5 and treated with cytokines 
(IL-1β 10-50 U/ml+ IFN-γ 100 U/ml) or the ER stressor CPA (20 µM). The 

NO blocker L-NMA was used at 2.5 mM and the JNK inhibitor SP600125 at 
10 µM. Real time RT-PCR, reporter analysis, immunofluorescence, Western 
blot, and viability assays (Hoechst/PI and caspase-3 activation) were per-
formed to identify proteins involved in the mechanisms of DP5-mediated 
apoptosis.
Results: Cytokines induced DP5 expression in primary beta cells and INS-1E 
cells (3-25 fold increase in mRNA expression, n = 3-4, P<0.05). DP5 knock-
down (KD) by RNA interference (>80% inhibition) prevented cytokine-in-
duced cell death in INS-1E cells (14% apoptosis in cytokine-treated DP5 KD 
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cells vs. 29% apoptosis in cells treated with cytokines and control siRNA, n = 
5, P<0.001). Similar findings were observed in primary beta cells. ER stress 
induced by CPA also increased DP5 expression and its inactivation by KD 
decreased apoptosis in primary beta cells (19% apoptosis in DP5 KD and 
CPA-treated vs. 30% apoptosis in CPA-treated control cells; n = 3; P<0,05). 
CPA-induced DP5 upregulation was prevented by chemical JNK/c-Jun inacti-
vation. DP5 activation by cytokines also involves JNK/c-Jun phosphorylation 
and was antagonized by the anti-apoptotic protein JunB. Importantly, mito-
chondrial release of cytochrome c and ER stress are actually a consequence 
of potentiated DP5 activation via cytokine-mediated nitric oxide (NO) for-
mation. Combined inhibition of JNK/c-Jun and NO formation abolished cy-
tokine-induced DP5 mRNA upregulation and fully protected INS-1E cells 
from apoptosis (20% apoptosis in cytokine-treated cells vs. 6% apoptosis in 
JNK/NO inactivated cells treated with cytokines, n = 5, P<0.001).
Conclusion: Our findings demonstrate that DP5 is central for beta cell ap-
optosis following different stimuli, and that it can act up- and downstream of 
ER stress. These observations contribute to solve two important questions, 
namely the mechanism by which cytokines induce beta cell death and the 
nature of the downstream signals by which ER stress “convinces” differenti-
ated secretory cells, such as beta cells, to trigger apoptosis. DP5 may be thus 
an interesting target for the prevention of beta cell demise in T1D.
Supported by: Communauté Française de Belgique, FNRS Belgium, EU STREP 
Savebeta, Belgian Federal Science Policy Office
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The role of endoplasmic reticulum stress induced by glucosamine in 
pancreatic beta cells dysfunction
A. Lombardi1, R. Aversa2,3, C. Garbi2, G.A. Raciti2,3, S. De Vitis1, S. Turco1, 
R. Coda2,3, C. Miele2,3, L. Ulianich2,3, B. Di Jeso1; 
1DiSTeBA, Università del Salento, Lecce, 2DBPCM, Università degli Studi di 
Napoli, Italy, 3IEOS-CNR, Naples, Italy.

Background and aims: The endoplasmic reticulum (ER) represents the cel-
lular compartment where newly synthesized proteins acquire their correct 
folding. Many factors can interfere during this process, leading to the accu-
mulation of misfolded proteins into the ER. Such ER dysfunction is collec-
tively termed “ER stress”. To survive under ER stress conditions, cells activate 
a self-protective mechanism, termed the unfolded protein response (UPR). 
The ER dysfunction plays an important role in various diseases including 
Type 2 diabetes (T2D). It has been reported that hyperglycaemia (HG) causes 
the progressive deterioration of beta cells through a mechanism called glu-
cose toxicity and that ER stress may be involved in the consequent pancreatic 
beta cell dysfunction. Glucosamine (GlcN), generated by the hexosamine 
pathway (HP) during HG, induces ER stress and causes disturbances similar 
to glucose toxicity. In this study, we sought to evaluate the role of ER stress 
induced by GlcN in cultured beta cells (INS-1E) and in isolated pancreatic 
mouse islets.
Materials and methods: Islets were isolated from male C57 mice by pancre-
atic digestion with collagenase. Total RNA was extracted from INS-1E cells or 
islets by the acid phenol method, and real-time PCR was performed to ana-
lyze the expression pattern of both beta-cell and UPR specific genes. Protein 
levels were measured by Western blotting; protein subcellular distribution 
and expression by immunofluorescence. Cell viability was assessed by MTT 
assays.
Results: MTT assays showed that 24 hours incubation with 10 mM GlcN did 
not affect INS-1E cells viability. In these conditions, both mRNA and protein 
levels of the ER stress marker BiP increased by 3.5- and 2.5-fold, in mouse 
islets and in INS-1E cells, respectively. Furthermore, GlcN determined also a 
2-fold increase of Chop mRNA levels, another important marker of the UPR. 
In isolated islets, GlcN decreased by 70% the mRNA levels of both GLUT2 
and glucokinase (GK) and by 80% the Insulin1 (Ins1) mRNA levels. Interest-
ingly, similar results were obtained when INS-1E cells and islets were treated 
with Tunicamycin (Tun), a classical ER stress inducer that inhibits glycosi-
lation. These effects were very likely exerted at the transcriptional level, as 
demonstrated by a parallel downregulation of the mRNA of the beta-cell spe-
cific transcription factors Pdx1 and NeuroD1. Furthermore, in INS-1E cells, 
confocal immunofluorescence studies showed a loss of the specific insulin 
signal constituted by secretory vescicles clustered in a sub-plasmamembrane 
location. Treatment of INS-1E cells with the chemical chaperon 4-Phenyl Bu-
tyric Acid (PBA 2.5 mM) was capable of partially prevent ER stress induced 
by GlcN and Tun, as demonstrated by a reduced induction of BiP mRNA 
levels. Furthermore, GLUT2 and Ins1 mRNA levels reduction was almost 
completely abolished. Oxidative stress appeared not to be involved in ER 

stress induction by GlcN, as treatment of INS-1E cells with the antioxidant 
N-acetyl-L-cysteine (NAC 1mM) did not modify the GlcN-induced increase 
of BiP mRNA levels.
Conclusion: The activation of the hexosamine pathway leads to alterations in 
the expression pattern of beta cell specific genes through the induction of ER 
stress implying that this mechanism could be responsible at least in part, for 
glucotoxicity-induced beta cell dysfunction.

355
Protection against stress-induced apoptosis by high density lipoproteins 
in pancreatic beta cells
J. Petremand1, G. Waeber2, C. Widmann1; 
1University of Lausanne, 2CHUV, Lausanne, Switzerland.

Background and aims: High Density Lipoproteins (HDL) have been re-
ported to protect pancreatic beta against cytokine-, serum deprivation-, and 
oxidized LDL-induced apoptosis. We have recently determined that HDLs 
could also protect beta cells against ER (endoplasmic reticulum) stress-in-
duced apoptosis in a very effective manner. As ER stress is one of the mecha-
nism that induces beta-cells failure and death in the development of T2D 
and because the mechanisms of protection of HDLs are not well known in 
pancreatic beta-cells, we have started to assess by which mechanisms HDLs 
were protecting beta cells from ER stress.
Materials and methods: MIN6 cells were treated with 2 micro g/ml tuni-
camycin or 0.5 μM thapsigargin for 6 or 24 hours in the presence or in the 
absence of 1 mM HDL-cholesterol. ER stress markers (BiP protein expression 
levels, XBP1 splicing, ATF4 mRNA levels) and apoptosis were then assessed. 
The activation of PI3K-Akt pathway was also determined by Western blot 
analyses.
Results: By scoring pycnotic nucleus we confirmed that HDLs were protec-
tive against thapsigargin (TG) and tunicamycin (TM)-induced apoptosis. We 
then assessed the activation of the three ER stress pathways in presence of 
TG or TM with or without HDLs. ER markers induced by TG such as XBP-1 
splicing or BIP expression were blocked by HDLs. ATF4 mRNA was partially 
reduced, suggesting that HDL could be able to act upstream of the ER, where 
TG is acting. However these markers, that are also induced by TM, were not 
blocked by HDLs even if the cells were partially protected, suggesting that 
in this case HDL could act more downstream of the ER response. Secondly, 
we looked at the involvement of the PI3K/Akt pathway by using the PI3K 
inhibitor LY294002 and a dominant negative form of Akt. PI3K inhibition 
was found to be deleterious for beta cells but HDL could partially reverse this 
toxic effect. In addition, when PI3K was inhibited, HDLs could still activate 
Akt. However, in the presence of a dominant-negative form of Akt, HDLs 
were still able to protect against TG- and TM-induced apoptosis in MIN6 
cells, suggesting that the PI3K/Akt pathway might not be required for HDLs 
to protect beta cells.
Conclusion: These data demonstrate the potent protective effect of HDLs on 
beta cells experiencing ER stress. These results suggest that protocols aimed 
at increasing HDL blood levels could exert protective functions against de-
velopment of diabetes. Further characterization of the intracellular signals 
modulated by HDLs and that favour beta cell survival is now crucially war-
ranted.
Supported by: FNRS
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3 b hydroxysteroid-delta 24 redactase (DHCR24) protects pancreatic beta 
cells against endoplasmic reticulum (ER) stress induced apoptosis
X. Lu1, B. Gao2, J. Liu1, X. Cao1, F. Hou1, Z. Liu1, S. Hisao3; 
1School of Life Science, Liaoning University, Shenyang, 2Institute of Basic 
Medical Sciences, Shenyang Medical College, 3College of Life and Health 
Science, Chubu University, Shenyang, China.

Background and aims: 3 beta-Hydroxysteroid-delta 24 reductase (DHCR24) 
is an endoplasmic reticulum-resident, multifunctional enzyme that possesses 
anti-apoptotic and cholesterol-synthesizing activities. We demonstrated that 
DHCR24 protects embryonic fibroblasts from apoptotic cell death induced 
by ER stress. We also proved that the protection was achieved by eliminat-
ing intracellular ROS produced by ER stress. Accumulating evidence sug-
gests that endoplasmic reticulum (ER) stress involved in the pathogenesis of 
diabetes, contributing to pancreatic beta-cell loss and insulin resistance. The 
aim of the study was to investigate whether DHCR24 protect the apoptosis of 
pancreatic beta-cells induced by ER stress.
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Materials and methods: MIN6 cells were cultured in the growth medium 
and infected by adenovirus expressing DHCR24 tagged with myc (Ad-
DHCR24-myc) or transfected with siRNA targeting DHCR24 (siDHCR24). 
The Adenovirus expressing lacZ (Ad-lacZ) or non-targeting siRNA (siCon-
trol) were used as the controls. Tunicamycin (TM) was used as the ER-stress 
inducer. Western blotting was used to analyze the signaling cascade caused 
by ER stress. The survival of beta-cells were observed by the phase-contrast 
microscopy and calculated by dye-exclusion method using Trypan Blue. Ap-
optosis was determined by measuring the cleaved-caspase 3 by immuno-cy-
tochemistry.
Results: Ad-DHCR24-myc infected MIN6 cells were resistant to TM-induced 
apoptosis, as compared to the Ad-LacZ infected cells. Western blot analysis 
revealed that expression of Bip/Grp78, a major ER chaperone, was increased 
stronger in Ad-DHCR24-myc cells. The sustained activation of ATF6 (Ac-
tivating transcription factor-6) was also observed in Ad-DHCR24-myc in-
fected MIN6, suggesting the upregulation of Bip induced sustained activation 
of ATF6, which might contribute to the anti-apoptotic function of DHCR24 
upon the ER stress. When the mRNA of DHCR24 has been knocked down 
by the siDHCR24 in MIN6, the cells became much more susceptibile to ER 
stress, producing much more apoptotic cells, compared to the siControl-
transfected cells.
Conclusion: This is the first demonstration that DHCR24 can protect pan-
creatic beta-cell from apoptotic cell death induced by ER-stress.
Supported by: the National Natural Science Foundation of China
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Exendin-4 and cAMP protect pancreatic beta cells from lipotoxic ER 
stress via induction of antiapoptotic defense mechanisms
D.A. Cunha1, L. Ladrière1, F. Ortis1, M. Igoillo-Esteve1, E.N. Gurzov1,  
D.L. Eizirik1, M. Cnop1,2; 
1Laboratory of Experimental Medicine, Université Libre de Bruxelles, 
2Division of Endocrinology, Erasmus Hospital, Brussels, Belgium.

Background and aims: Chronic exposure of pancreatic beta cells to saturated 
free fatty acids (FFA) causes endoplasmic reticulum (ER) stress and apopto-
sis, and may contribute to beta cell loss in type 2 diabetes. GLP-1 receptor 
activation has previously been shown to increase beta cell survival follow-
ing exposure to synthetic ER stressors through ATF4-CHOP signaling and 
eIF2α dephosphorylation. We presently evaluated the molecular mechanisms 
involved in the protection by the GLP-1R agonist exendin-4 against the more 
physiologic ER stress and apoptosis induced by FFA in beta cells.
Materials and methods: INS-1E or FACS-purified primary rat beta cells were 
exposed to the FFA oleate or palmitate (0.5 mM, 1% BSA) with or without ex-
endin-4 (10-50 nM) or the cAMP generator forskolin (20 μM). To selectively 
activate signaling in the ATF4-CHOP branch of the ER stress response, we 
used salubrinal (75 μM), an inhibitor of eIF2α dephosphorylation. Apopto-
sis was detected by Hoechst/propidium iodide staining, mRNA expression 
by real time RT-PCR and protein expression and eIF2α phosphorylation by 
Western blot. Protein knockdown was achieved by siRNA transfection.
Results: Palmitate-induced primary beta cell apoptosis was reduced from 23 
± 2 % to 14 ± 2 % and 10 ± 1 % by exendin-4 and forskolin respectively (n = 
4; p < 0.05 vs palmitate) after 24 h. Exendin-4 and forskolin also prevented 
beta cell apoptosis induced by oleate (14 ± 2 % to 9 ± 2 % and 7 ± 1 %; n 
= 4; p < 0.05) or salubrinal (18 ± 1 % to 11 ± 1 % and 9 ± 1 %; n = 4; p < 
0.05) after 24 h. Similar findings were observed in INS-1E cells (14 h). Using 
CHOP knockdown (93 % inhibition of CHOP protein compared to control 
siRNA treated with palmitate; n = 3; p < 0.05) we examined the involvement 
of ATF4-CHOP-GADD34 feedback signaling on forskolin-mediated INS-1E 
cell survival. The CHOP siRNA did not abrogate the protective effects of for-
skolin against palmitate (18 ± 3 % for control siRNA to 17 ± 3 % for CHOP 
siRNA; n = 4), excluding this pathway as the antiapoptotic mediator. We 
therefore examined the other branches of the ER stress response. Exendin-4 
and forskolin induced XBP1s but its knockdown (74 % decrease in XBP1s 
protein; n = 3; p < 0.05) did not modify the antiapoptotic effect. Exendin-4 
and forskolin potentiated the induction of the ER chaperone BiP by oleate 
(1.8- and 1.6- fold; n = 4; p < 0.05) or palmitate (1.7- and 2.1-fold; n = 4; p < 
0.05). A 50 % decrease in BiP expression by siRNA resulted in a partial loss of 
the cAMP-mediated protection against palmitate (13 ± 1 % for control siRNA 
to 29 ± 3 % for BiP siRNA; n = 4; p < 0.05). The AP-1 subunit JunB, known 
to protect beta cells against synthetic ER stress, was also induced by forskolin 
(5-fold; p < 0.05). JunB knockdown abolished the cAMP protection against 
oleate, and it partially decreased the protection against palmitate (17 ± 2 % 
for control siRNA to 28 ± 2 % for JunB siRNA; n = 4; p < 0.05).

Conclusion: Exendin-4 and forskolin protect beta cells against lipotoxic ER 
stress and apoptosis by enhanced BiP and JunB expression. These findings 
identify two possible therapeutic targets to alleviate beta cell ER stress in type 
2 diabetes.
Supported by: FNRS (Belgium), FRSM (Belgium), EC (Savebeta; EuroDia)

358
Protein levels of GRP78 and protein disulfide isomerases A3 and A6 are 
decreased during thapsigargin treatment of INS-1E cells
V. Rosengren1, H. Johansson2, L. Fransson1, J. Lehtiö2, Å. Sjöholm1,  
H. Ortsäter1; 
1Clinical Science and Education, 2Oncology and Pathology, Karolinska 
Institutet, Stockholm, Sweden.

Background and aims: Pancreatic β-cells are equipped with a developed en-
doplasmic reticulum (ER) in order to meet the high demand for synthesis 
of proteins destined for secretion, most notably insulin. To support the pro-
duction, these cells express relatively large amounts of heat shock proteins 
with chaperone functions, protein disulfide isomerases (PDI) that catalyse 
formation of sulfide bridges and peptidylprolyl isomerases (PPI) which are 
responsible for isomerisation of proline peptide bonds. The ER is sensitive to 
alterations in homeostasis. For example, a reduction of ER Ca2+ levels elicits 
a signal response, the unfolded protein response (UPR), with the purpose 
to restore ER homeostasis by decreasing protein synthesis, increasing fold-
ing capacity and enhance protein degradation. In the present study we have 
focused on changes in protein levels of chaperones, PDIs and PPIs in INS-1E 
cells during thapsigargin (Th) treatment.
Materials and methods: INS-1E cells were treated with 200 nM Th for 0, 4, 
16 or 24 h, cellular protein were isolated and subjected to iTRAQ labelling 
using 8 different isobaric tags. Protein identification and quantification was 
performed with LC/MS/MS. The phosphorylation status of eIF2α (p-eIF2α), 
protein levels of GRP78, CHOP, Bcl2 and cleaved caspase 3 were analysed by 
western blotting (wb). Protein synthesis was measured after incorporation of 
35S-labeled serine/methionine. Data is presented as means±sem. Differences 
were evaluated by Student’s t-test.
Results: Quantitative iTRAQ proteomic analysis offers a way to identify and 
quantify 8 different samples in one homogenous assay. Two independent sam-
ples from each time point were combined in the analysis. From the positively 
identification of 91 unique proteins 8, 2 and 2 were classified as chaperones, 
PDIs or PPIs, respectively. Of the chaperones 4 localise to cytoplasm, 3 to 
mitochondria and 1 to ER. Heat shock protein 90β (cytoplasmic) and GRP78 
(ER) decreased (p<0.05) with time. Other chaperones were unaffected. The 
PDIs, PDIA3 and PDIA6 (both localise to ER) decreased (p<0.05) with time 
ending at 73±6 % and 26±4 % of their baseline levels, respectively. Of the PPIs 
identified, PPIA (cytoplasmic) and PPIB (ER) levels were not affected by Th. 
The decreased level of GRP78 was unexpected since this chaperone is consid-
ered to be induced during UPR. The iTRAQ results could be verified in wb 
experiments. Treating cells with 30, 100, 200 or 300 nM Th dose-dependently 
decreased GRP78 levels with a maximal effect at 200 nM (45±4 %, p<0.05 
vs. untreated cells). The time profile of Th-induced decrease in GRP78 was 
similar in the iTRAQ and wb analysis. Lowest levels, 35±2 % for iTRAQ and 
51±4 % for wb, were seen after 16 h at 200 nM Th. In both dose and time se-
ries experiments, Th-induced decrease in GRP78 was paralleled by enhanced 
levels of p-eIF2α, CHOP and cleaved caspase 3 and decreased levels of Bcl2. 
We investigated if the lower levels of GRP78 after Th treatment were second-
ary to inhibition of protein synthesis. Exposing INS-1E cells to either 10 µM 
cycloheximide or 200 nM Th casued a similar inhibition of protein synthesis. 
However, cycloheximide only decreased GRP78 levels by 10±3 % (p>0.05) 
during a 24 h study period.
Conclusion: Disturbance of ER Ca2+ homeostasis leads to lower levels of 
GRP78, PDIA3 and PDIA6 in INS-1E cells which may contribute to the de-
velopment of apoptosis.
Supported by: the Novo Nordisk Foundation
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359
Role of activating transcription factor 3 in low glucose- and 
thapsigargin-induced apoptosis in cultured mouse islets
J. Duprez, J.-C. Jonas; 
Unit of Endocrinology and Metabolism, Faculty of Medicine, Université 
catholique de Louvain, Brussels, Belgium.

Background and aims: The Integrated Stress Response (ISR) results from the 
phosphorylation of eukaryotic initiation factor 2 alpha by various types of 
stress, including endoplasmic reticulum (ER) stress and amino acid depriva-
tion. It is characterized by increased expression of Activating Transcription 
Factor 4 (ATF4)-target genes such as Atf3, Growth arrest- and DNA damage-
inducible gene 153 (Gadd153, or Chop) and Gadd34, and of oxidative stress-
response genes like c-Myc, Heme-oxygenase 1 (Hmox1) and Metallothionein 
1a (Mt1a). We recently reported that, after prolonged culture in low, inter-
mediate and high glucose concentrations, rat islet cell apoptosis follows an 
asymmetric V-shaped profile with a minimum in 10 mM, a large increase in 
2 mM and a moderate increase in 30 mM glucose. Interestingly, these changes 
were preceded by parallel changes in the mRNA levels of ISR and oxidative 
stress-response genes, suggesting that both types of stress could play a role 
in islet cell apoptosis during culture in low and high glucose. The aim of this 
study was to investigate the role of the pro-apoptotic transcriptional repressor 
ATF3 in the stimulation of islet cell apoptosis under conditions associated 
with ISR activation.
Materials and methods: Islets isolated from Atf3 knockout mice (Atf3-/-) 
and their wild-type C57BL6/J littermates (WT) were cultured in serum-free 
RPMI medium containing 5g/l BSA and 2-10-30 mM glucose (G2-G10-G30) 
or G10 + 1 µM thapsigargin (TG) as ER stress positive control. Insulin was 
measured by RIA. Islet gene mRNA levels were determined by RTq-PCR. Islet 
cell histone-associated DNA fragments (commercial ELISA kit) and the per-
centage of TUNEL positive islet cells were measured as indicators of islet cell 
apoptosis. Results are means ± SEM for at least 3 experiments.
Results: After 1 week preculture in G10, the glucose stimulation of insulin 
secretion during further 18h culture and the insulin to DNA content ratio at 
the end of culture were similar in Atf3-/- and WT islets. As in rat islets, cul-
ture of WT mouse islets in G2 or G10 + TG vs G10 rapidly (18h) increased 
Atf3, Gadd153, Gadd34, c-Myc, Hmox1 and Mt1a to Tbp mRNA ratios and 
later (3-7 days) induced islet cell apoptosis. In contrast, culture in G30 only 
slightly increased the mRNA levels of ISR and oxidative stress response genes 
as well as islet cell apoptosis. In Atf3-/- islets, the effects of TG and G30 vs G10 
on apoptosis and gene mRNA levels were not different from those in WT 
islets. In contrast, the level of apoptosis induced by one week culture in G2 
was significantly lower in Atf3-/- vs WT islets in one third of the experiments 
(mean [range] reduction for 6 experiments ~20% [0-60%], unpaired t-test 
P=0.4), irrespective of mouse gender and age. This slight reduction in islet 
cell apoptosis in G2 vs G10 was preceded by a larger increase in Mt1a mRNA 
levels in Atf3-/- vs WT islets (50 fold vs 28 fold, P<0.001 by two-way ANOVA 
+ test of Bonferroni) without significant changes in Hmox1, c-Myc, Gadd153 
or Gadd34 mRNA levels.
Conclusion: The increase in Atf3 gene expression induced by culture in a low 
glucose concentration only slightly contributes to the stimulation of islet cell 
apoptosis by a mechanism that may involve repression of Mt1a gene expres-
sion.

360
Nitrooxidative stress as a mechanism of cytokine-mediated toxicity in 
insulin-producing cells
S. Lenzen, S. Lortz, E. Gurgul-Convey; 
Institute of Clinical Biochemistry, Hannover Medical School, Germany.

Background and aims: Both nitrosative and oxidative stress contribute to 
the toxic action of proinflammatory cytokines in insulin-producing cells dur-
ing T1DM development and it is generally assumed that mitochondria play 
a crucial role in cytokine-mediated beta cell death. However, the interactions 
between reactive nitrogen (RNS) and oxygen (ROS) species in cytokine-me-
diated toxicity remain unclear. Therefore it was the aim of this study to un-
ravel the mechanism of this interaction.
Materials and methods: Insulin-producing RINm5F cells were stably trans-
fected with the pcDNA3-hMnSOD or with hMitoCat. Cells were treated with 
IL-1β 600 U/ml or with a cytokine mixture (IL-1β 60 U/ml, TNFα 185 U/
ml, IFNγ 14 U/ml) in the absence or presence of an iNOS blocker (5 mM 
L-nitroarginine) for 72 h. Cell viability was estimated by MTT test, overall 

oxidative stress by DCFDA oxidation, nitrite by the Griess assay and hydroxyl 
radical-mediated 8-oxyguanine formation by an OxyDNA kit. Hydrogen per-
oxide generation was measured by HyPer protein oxidation.
Results: In the control cells IL-1β caused a 40 % and a cytokine mixture a 
70 % reduction in cell viability. This was significantly counteracted by iNOS 
blocker (IL-1β 78 % and Mix 70 % viable cells). MitoCat cells overexpressing 
catalase in the mitochondrium were protected against cytokine toxicity (IL-
1β 80 %, Mix 71 % viable cells), while MnSOD overexpressing cells were more 
sensitive to cytokine toxicity (IL-1β 49 %, Mix 10 % viable cells). No further 
protection was seen in MitoCat cells after addition of the iNOS blocker, while 
a significant prevention of cytokine toxicity was observed in the MnSOD 
cells (IL-1β 65 %, Mix 48 %). DCFDA oxidation after exposure to cytokines 
in the absence or presence of iNOS blocker indicated that IL-1β toxicity is 
mostly related to NO and cytokine Mix toxicity to both NO and ROS for-
mation. Indeed, in control cells exposed to IL-1β nitrite formation was the 
same as after cytokine Mix (IL-1β 3.9±0.7, Mix 4.7±0.5 pmol/µg protein), 
but the hydrogen peroxide (Con: 0.94±0.03, IL-1β: 1.07±0.03, Mix 1.20±0.04) 
and hydroxyl radical (Con; 100 %, IL-1β 227 %, Mix 391 %) generation were 
significantly lower after IL-1β than after cytokine Mix. Mitochondrial overex-
pression of catalase as compared to control cells diminished nitrite formation 
(IL-1β 0.6±0.2, Mix 1.9±0.3) and completely prevented hydrogen peroxide 
(Con: 0.94±0.02, IL-1β: 0.85±0.02, Mix 0.88±0.03) and hydroxyl radical (IL-
1β 101 %, Mix 123 %) generation. In contrast, MnSOD cells showed signifi-
cantly higher nitrite levels (IL-1 6.4±0.8, Mix 29±7), hydrogen peroxide (Con: 
1.11±0.05, IL-1β: 1.50±0.03, Mix 3.05±0.33) and hydroxyl radical (IL-1β 661 
%, Mix 904 %) generation.
Conclusion: The results revealed that IL-1β toxicity is NO-related, while a 
mixture of cytokines, simulating the situation in T1DM, stimulates the gener-
ation of both NO and ROS. This duality results in an interaction between NO 
and H2O2 leading to the formation of the highly toxic hydroxyl radical, which 
provides a unifying hypothesis for the mechanism underlying cytokine toxic-
ity leading to beta cell death in T1DM. Optimal protection against cytokine 
toxicity requires a H2O2 inactivating enzyme in the mitochondria, allowing 
effective detoxification of H2O2, thereby preventing stress through hydroxyl 
radical formation in the presence of NO. In conclusion, the studies prove that 
proinflammatory cytokine-mediated beta cell death is due to nitrooxidative 
stress.

361
Cytokines regulate both transcriptional and alternative splicing networks 
in primary beta cells
F. Ortis1, N. Naamane1, D. Flamez1, L. Ladrière1, F. Moore1, D.A. Cunha1, 
M.L. Colli1, T. Thykjaer2, K. Thorsen2, T.F. Orntoft2,3, D.L. Eizirik1; 
1Laboratory of Experimental Medicine, Université Libre de Bruxelles, 
Belgium, 2Department of molecular Medicine, Aarhus University Hospital, 
Denmark, 3CMO Aros Applied Biotechnology A/S, Aarhus, Denmark.

Background/rational: Cytokines contribute to insulitis and pancreatic beta 
cell death in Type 1 Diabetes. This effect is mediated by activation of complex 
gene networks that remain to be characterized. We presently utilized up-to-
date array analysis to define the global pattern of genes, including spliced 
variants, modified by the cytokines IL-1β + IFNγ and TNFα + IFNγ in pri-
mary rat beta cells
Material and methods: FACS purified rat beta cells were exposed for 6 or 
24h to IL-1β (50 U/ml) + IFNγ (100 U/mm) or TNFα (1000 U/ml) + IFNγ 
(100 U/ml) and then retrieved for array analysis using the GeneChip® Rat 
Genome 230 2.0 Array, containing > 31.000 probe sets. Three independent 
experiments were analyzed and gene expression considered as modified by 
cytokines when fold change was > 1.5 and P < 0.02 compared to controls. 
For identification of splice variants, cDNA from the three experiments were 
pooled and analysed using the exon array analysis GeneChip® Rat Exon 1.0 
ST Array, containing ~ 1.000.000 probe sets. Most of the key results described 
below were confirmed by real time RT-PCR
Results: Nearly 16.000 transcripts were detected as present in control and cy-
tokine-treated beta cells. TNF-α + IFNγ modified the expression of a higher 
number of genes compared to IL-1β + IFNγ at 6h (1.468 and 1.006 respec-
tively), while at 24h this was inverted, with 2.531 and 1.929 genes modified by 
respectively IL-1β + IFNγ and TNF-α + IFNγ. TNF-α+IFNγ induced a higher 
expression of IRF1, IRF7, IL-15, IP-10 and CCL5, while IL-1β+IFNγ induced 
higher expression of CCL2 and CXCL1. Both treatments decreased the ex-
pression (20-80%; P < 0.05, as confirmed by Real time RT-PCR) of genes 
involved in the maintenance of beta cell phenotype, including PDX-1, Mafa1, 
ins, isl1, foxo1, Glut2, PC1 and 2, NeuroD. Cytokines also decreased by > 80% 
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(P < 0.05), as confirmed by Real time RT-PCR, the expression of receptors to 
the key growth/regeneration-inducing hormones GLP1, PRL and GH. Im-
portantly, cytokines modified the expression of > 20 genes involved in RNA 
splicing. In line with this observation, exon array analysis showed cytokine-
induced changes in alternative splicing of more than 40% of the cytokine-
modified genes. This induction of alternative splicing was confirmed by PCR 
in three genes, namely iNOS, NF-κB2 and argininosuccinate synthetase.
Conclusion: The present study doubles the number of known genes modified 
by cytokines in primary rat beta cells, and suggests temporal and qualitative 
differences between the effects of TNF-α + IFN-γ and IL-1β + IFNγ in beta 
cells. Both IL-1β+IFNγ and TNF-α+IFNγ decrease the expression of genes 
related to beta cell function and growth/regeneration, suggesting that im-
mune mediators of insulitis can “push back” newly developed beta cells into 
a de-differentiated state. Interestingly, cytokines modify alternative splicing 
in beta cells, indicating a new level of complexity in the beta cell responses to 
immune-mediated damage.
Supported by: FNRS (Belgium) and EC (Savebeta)
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The effect of glucose variability on INS-1 cell apoptosis and the 
involvement of FOXO-SIRT system
M. Kim1,2, H. Jung2, C. Yoon2, J. Ko3, H. Jun3, T. Kim3, M. Kwon3, S. Lee3,  
K. Ko3, B. Rhee3, J. Park3,2; 
1Internal Medicine, Maryknoll General Hospital, 2Molecular Therapy Lab, 
Paik Institute for Clinical Research, 3Internal Medicine, College of Medicine, 
Inje University, Busan, Republic of Korea.

Background and aims: Glucose levels always change in some range in real 
life, and the degree of fluctuation would be more prominent in diabetes de-
spite of meticulous control. Variable glucose levels have been reported to be 
more harmful than sustained high glucose in the vascular endothelial cells 
due to increased oxidative stress. Recent several studies reported that SIRT 
might regulate FOXO transcription factors under oxidative stress, and over-
expression of SIRT could protect beta cells from cytokine induced apoptosis. 
But the effects of sustained and intermittent high glucose on the apoptosis 
and the changes of FOXO-SIRT system in pancreatic beta cells have not been 
studied so much. The purpose of our study is to clarify the effect of glucose 
variability on pancreatic beta cells, and the potential mechanisms related with 
FOXO-SIRT pathway.
Materials and methods: Cultured INS-1 cells were exposed to control 
(11mmol/l), SHG (sustained high glucose, 33mmol/l) or IHG (intermittent 
high glucose, 11 and 33mmol/l) alternating every 12 hours for 5 days. The de-
gree of apoptosis was assessed by FACS and TUNEL assay. The levels of cas-
pase-3, Mn-SOD, Bim and Bcl-2 were assessed via Western blot. The changes 
of FOXO-SIRT system were studied by Western blot and immuno-precipita-
tion. The changes of glucose stimulated insulin secretion (GSIS) were also 
verified.
Results: INS-1 cells exposed to IHG for 5 days showed lower GSIS and the 
increased apoptosis than the cells in SHG. The changes of caspase-3 and Mn-
SOD were compatible with the increased apoptosis in the cells exposed to 
IHG. The complex formations of SIRT and FOXO showed different patterns 
between IHG and SHG. The degree of acetylation of FOXO was lower in the 
cells exposed to SHG, but increased with SIRT inhibitor. Administration of 
SIRT inhibitor increased apoptosis, decreased caspase-3, MnSOD and Bcl-2 
in the cells exposed to SHG.
Conclusion: IHG (Intermittent High Glucose) might be more harmful to 
the pancreatic beta cells than the SHG (Sustained High Glucose) causing 
increased apoptosis. FOXO-SIRT system might be closely involved in this 
process.

363
Transcriptome analysis of human type 2 diabetic islets
M. Bugliani1, R. Liechti2, L. Marselli1, U. Boggi1, F. Filipponi1, I. Xenarios2, 
P. Marchetti1; 
1Dept. Endocrinology and Metabolism, University of Pisa, Italy, 2Swiss 
Institute of Bioinformatics, Lausanne, Switzerland.

Background and aims: Type 2 diabetes (T2D) is a multifactorial syndrome 
with beta-cell failure playing a major role. However, information on islets 
transcriptome in human T2D is scanty.
Materials and methods: We performed microarray analysis, followed by 
quantitative RT-PCR, of a few selected genes on six T2D (age: 71±9 yrs; gen-
der: 3M/3F; BMI: 26.0±2.2 Kg/m2) and seven non-diabetic (ND, age: 58±17 
yrs; gender: 4M/3F; BMI: 24.8±2.5 Kg/m2) isolated islet preparations. Stand-
ard RNA was hybridized on the Affymetrix platform (HG U133A). Gene ex-
pression intensities were normalized with RMA and differential expression 
was assessed by fitting a linear model on each gene using the limma package 
from bioconductor. Quantitative RT-PCR was performed using primers and 
probes from Applied Biosystems. 
Results: When T2D islets were compared with ND samples, the expression 
of 5130 transcripts and variants resulted significantly (p<0.01) different; of 
these, 2927 were upregulated and 2203 downregulated. Changes included 
several genes involved in beta-cell function and turnover. By Gene Ontol-
ogy and KEGG analysis it was observed that the differently expressed genes 
influence 81 processes and 13 pathways, including cell survival and secretion. 
Such findings were mostly confirmed by the Gene Set Enrichment Analysis, 
performed to evaluate how the overall gene expression profile could influence 
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intracellular processes. This analysis showed that out of 1412 gene sets stud-
ied, 144 were positively enriched and 234 negatively enriched in T2D islets. 
The expression of genes involved in oxidative phosphorylation and citrate 
cycle resulted consistently changed in T2D samples, and when quantitative 
RT-PCR analysis was performed, a significant reduction in the expression of 
pyruvate and succinate dehydrogenase complexes was found. 
Conclusion: In conclusion, T2D islets show several alterations in the overall 
gene expression pattern; whereas it remains to understand what alterations 
may be cause or consequence of the diabetic condition, it is suggested that 
mitochondrial alterations might play an important role in T2D islet cell dys-
function.
Supported by: the European Community and the Swiss Institute of Bioinfor-
matics

364
The role of iron in IL-1β induced NFκB activity and iNOS expression in 
pancreatic beta cells
A.Ø. Nielsen1, M.F. Tonnesen1, N. Billestrup1, T. Mandrup-Poulsen1,2; 
1Dept. of Translational Diabetology, Hagedorn Research Institution, 
Gentofte, 2Core Unit for Medical Research Methodology, Institute of 
Biomedical Sciences, University of Copenhagen, Denmark.

Background and aims: Interleukin (IL)-1β mediated selective destruction of 
the pancreatic β-cells is believed to be a central element in the pathogenesis of 
type 1 diabetes. β-cell sensitivity to IL-1β is acquired during β-cell maturation 
and dependent on expression of the transcription factor pancreatic duodenal 
homeobox-1 (Pdx-1). Microarray analysis of Pdx-1 overexpressing compared 
to control cells revealed a gene cluster involved in nuclear factor κB (NFκB) 
activation, reactive oxygen species (ROS) formation, iron influx via the diva-
lent metal transporter 1 (DMT1) and inducible nitric oxide synthase (iNOS) 
as important in the maturation-acquired sensitivity to IL-1β. This lead to the 
hypothesis that IL-1β induced NFκB activity and iNOS expression are iron 
dependent in that iron catalysed ROS contributes to sustained NFκB activ-
ity.
Materials and methods: The iron chelator desferoxamine (DFO) was used 
to reduce IL-1β induced iron uptake in the INS-1 cell line. The effect of iron 
chelation on NFκB and iNOS promoter activity was studied using the dual 
Luciferase assay. Protein levels of iNOS and IκB was examined using Western 
blotting and apoptosis shown with the Roche death detection kit. Newborn 
rat islets were used to confirm effects of DFO on total cell death and nitric 
oxide (NO) levels.
Results: In INS-1, DFO (25 μM) reduced IL-1β (160 pg/ml) induced ap-
optosis by 25% (p<0.05), NFκB activation by 30% (p<0.05), and decreased 
iNOS at the protein level by 50% (p<0.01), whereas iNOS promoter activity 
does not seem to be affected by DFO. Cytokine induced total cell death was 
significantly reduced 30-40% with DFO doses from 10-100 μM in rat islets. 
Concentration of NO in the media of rat islets was significantly reduced with 
100 or 200 μM of DFO (p<0.05).
Conclusion: Lowering the iron levels in INS-1 cells by DFO reduced IL-1β 
induced apoptosis by inhibiting NFκB activation as well as lowering iNOS 
expression at the protein level. Cytokine induced cell death and NO release 
was also reduced in rat islets following DFO treatment. Iron chelation may 
be a therapeutic option in preventing inflammatory β-cell destruction in islet 
transplantation.

365
The orphan receptor GPR30 and pancreatic islet hormone secretion
A.F. Balhuizen, R. Kumar, S. Amisten, I. Lundquist, A.S. Salehi; 
Department of Clinical Sciences, Lund University, Malmö, Sweden.

Background and aims: The role of the newly discovered estrogen receptor, 
GPR30 in islet physiology is unclear. We examined GPR30 expression in 
relation to hormone secretion and possible antiapoptotic effects in isolated 
mouse islets using the synthetic GPR30 ligand G1.
Materials and methods: GPR30 expression was analyzed by confocal mi-
croscopy, Western blot in islets from female mice and RT-PCR in islets from 
both female and male mice. Hormone secretion and cAMP content in islets 
were determined with RIA and apoptosis with the Annexin-V method.
Results: Confocal microscopy revealed GPR30 expression in insulin, gluca-
gon and somatostatin cells. GPR30 mRNA and protein expression was mark-
edly higher in female vs male islets (p<0.01). Dose-response studies of G1 vs 

17β-estradiol in isolated islets at 12 mM glucose showed an almost identi-
cal pattern in increasing insulin and inhibiting glucagon and somatostatin 
secretion. The 17β-estradiol genomic receptor (ERα and ERβ) antagonist 
ICI-182,780 (Fulvestrant) did not influence the amplifying effect of G1 or 
17β-estradiol on cAMP content (p<0.001) or insulin secretion from islets. 
Cytokine-induced (IL-1β 100ng/ml, TNFα and INFγ 125ng/ml) apoptosis 
in islets, cultured for 24 h at 5 mM glucose, was almost abolished by G1 or 
17β-estradiol treatment (p<0.001). Addition of ICI-182,780 did not affect this 
beneficial effect of G1 or 17β-estradiol.
Conclusion: GPR30 is expressed in islet endocrine cells. The synthetic 
GPR30 ligand G1 mimics the nongenomic effects of 17β-estradiol on hor-
mone secretion, cAMP content in islets and its antiapoptotic effects. G1 or 
analogs thereof might be new potential candidate in therapeutic strategy of 
type 2 diabetes in women.
Supported by: Novo Nordisk, Crafoord and Albert Påhlsson Foundations

366
Effect of angiotensin II on the insulin signalling pathway in NIT-1 cells
M.-T. Xu, L. Zhang, L.-D. Jiang, S. He, L. Yan, H. Cheng; 
Department of Endocrinology, The Second Affiliated Hospital, Sun Yat-sen 
University, Guangzhou, China.

Background and aims: Angiotensin II (Ang II) can cause insulin resistance 
in peripheral insulin target tissues such as muscle, fat and liver. The mecha-
nism is to damage the insulin signaling pathway in these cells by reducing the 
tyrosine phosphorylation levels of insulin receptor (InR) / insulin receptor 
substrate -1 (IRS-1) and increasing serine phosphorylation levels. Reactive 
oxygen species (ROS) play important roles on the damage of insulin signaling 
pathway by Ang II. Whether the effect of Ang II on insulin signaling pathway 
in islet β-cell is not known. In the present study, the effect of Ang II on insulin 
signaling pathway was evaluated in mouse insulin-secreting cells NIT-1 cells 
and the role of ROS involved was studied.
Materials and methods: NIT-1 cells were cultured in DMEM with 10% fetal 
bovine serum, and then divided into six groups acted as control group, Ang 
II group, insulin group (Ins), Ang II + Ins group (AI), Ang II + Ins + saralasin 
group (AIS), Ang II + Ins + DPI group (AID). Expression of InR-β tyrosine 
phosphorylation (InR-β-Tyr), IRS-1 serine phosphorylation( IRS-1-Ser) and 
IRS-1 tyrosine phosphorylation (IRS-1-Tyr), P47 were evaluated by Western 
blot. H2O2 were detected by FCM.
Results: Expression of InR-β-Tyr and IRS-1-Tyr was higher in Ins group com-
pared to control group, whereas expression of IRS-1-Ser was not significantly 
different between Ins group and control group. Level of InR-β-Tyr and IRS-
1-Tyr was not significantly different between Ang II group control group,but 
the level of IRS-1-Ser significant increased in Ang II group compared with 
control group. After AngII treatment, InR-β-Tyr and IRS-1-Tyr induced by 
insulin were lower compared with Ins group (InR-β-Tyr 1.32 vs 1.87; IRS-1-
Tyr 0.67 vs 1.17, P<0.05). With presence of saralasin, InR-β-Tyr and IRS-1-
Tyr in AIS group were higher than in AngII group (InR-β-Tyr 1.67 vs 0.96, 
IRS-1-Tyr 1.03 vs 0.59, P<0.05). The level of H2O2 and P47 in AII group sig-
nificant increased compared with control group (H2O2 37.46 vs 27.55, P47 
1.55 vs 0.87, P<0.05). With presence of DPI, level of InR-β-Tyr and IRS-1-Tyr 
increased in AID group compared with AngII group (InR-β-Tyr 1.61 vs 0.96, 
IRS-1-Tyr 1.01 vs 0.59, P<0.05) and the level of IRS-1-Ser changed adversely 
(IRS-1-Ser 0.70 vs 1.17, P<0.05).
Conclusion: In conclusion, Ang II can significantly increase the level of IRS-
1 serine phosphorylation and inhibit insulin-stimulated InR-β tyrosine phos-
phorylation in NIT-1 cells. oxidative stress induced by NADPH oxidase may 
play an important role in the effect of Ang IIin NIT-1 cells.

367
Apoptosis in INS-1E cells after ZnT-3 and ZnT-8 knock-out
A.B. Petersen, K. Smidt, N.E. Magnusson, B. Brock, O. Schmitz, J. Rungby; 
Department of Pharmacology, University of Aarhus, Denmark.

Background and aims: Insulin secreting β-cells contain large amounts of 
zinc. Intracellular metabolism of Zn2+ has to be subject to strict regulation 
due to its toxic potential at high concentrations. Transporters of the Slc30A-
family (ZnT-1 to 10) regulate zinc efflux from the cytoplasm. Rising evidence 
connect ZnTs and diabetes. It has been shown that ZnT-8 is an antigen as-
sociated with the development of Type 1 diabetes. Furthermore, mutations 
in the same gene are associated with Type 2 diabetes. ZnT-3 KO mice have 
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decreased glucose tolerance which we have previously shown to be at least 
partly due to altered β-cell function. In this study we used siRNA-mediated 
knock-out to investigate the connection between the expression of these two 
zinc-transporters and INS-1E cell viability.
Materials and methods: 100 nM siRNA concentrations were used to perform 
single ZnT-3 and ZnT-8 knock-out in INS-1E cells. To avoid non-specific siR-
NA effects a total concentration of 100 nM was also used for the combined 
knock-out of ZnT-3 and ZnT-8. Knock-out of the two zinc-transporters at 
mRNA level was detected using Q-PCR. Following transfection and 48 hours 
of recovery the knock-out and control samples were stimulated with two dif-
ferent concentrations of glucose (5.0 and 16.7 mM) for 24 hours. Levels of 
apoptosis were then measured using an ELISA kit based on an enzyme-im-
munoassay-principle.
Results: A reduction of ZnT-3 expression to 30% (p<0.01) resulted in sig-
nificantly increased apoptosis following stimulation with 5.0 mM glucose 
(p<0.05) and non-significantly at 16.7 mM glucose (p=0.07) when compared 
to mock-transfected controls. Knock-out of ZnT-8 to a level of 50% (p<0.05) 
resulted in increased apoptosis compared to controls only following stimula-
tion with 16.7 mM glucose (p<0.05). Following combined knock-out we were 
able to reduce expression of ZnT-3 and ZnT-8 to 35 and 70%, respectively. 
The result was a significantly increased level of apoptosis following stimula-
tion with both 5.0 and 16.7 mM glucose (p<0.05) (figure below).
Conclusion: The influence of ZnT-3 and ZnT-8 on INS-1E cell viability has 
until now not been described. Our results indicate that the presence of these 
two zinc-transporters, both separately and in combination is important for 
cell viability.

Supported by: Research Council for Disease and Health

368
Systemic osteoprotegerin delivery induces pancreatic islet structural and 
functional alterations in non-diabetic mice
R. Candido1, B. Toffoli2, S. Bernardi2, P. Secchiero3, F. Corallini3, E. Caroli1, 
E. Manca1, A. Petrucco1, C. Montesi1, R. Carretta2, G. Zauli3, B. Fabris2; 
1Diabetic Centre, A.S.S. 1 Triestina, 2Department of Clinical Medicine 
and Neurology, University of Trieste, 3Department of Morphology and 
Embryology, University of Ferrara, Trieste, Italy.

Background and aims: Osteoprotegerin (OPG), a secreted glycoprotein and 
member of the TNF receptor superfamily, is a soluble receptor activator of 
nuclear factor-κB (RANK) ligand (RANKL), and TNF-related apoptosis in-
ducing ligand (TRAIL). Diabetic patients are characterized by elevated OPG, 
which is associated with subclinical atherosclerosis in both type 1 and type 
2 diabetes. Recently, our group has demonstrated that OPG delivery leads to 
significant acceleration of atherosclerosis in diabetic apolipoprotein E-null 
mice. Although clinical studies have suggested that systemic levels of OPG 
are elevated in diabetes, the role of OPG in the endocrine pancreas has not 
been investigated. Therefore, the aim of this study was to examine the effects 
of OPG administration on pancreatic islet structure and function in mice.
Materials and methods: Three groups of C57B1/6J mice (n=20 for each 
group) were obtained at 10 weeks of age and studied for 12 weeks: 1. C57B1/6J 

mice treated with recombinant human OPG injected every 21 days intraperi-
toneally, 2. C57B1/6J mice treated with the vehicle alone, and 3. Untreated 
C57B1/6J mice. Tail cuff systolic blood pressure, fasting plasma glucose and 
insulin levels, pancreatic β-cell mass and density, β-cell apoptosis, peri- and 
intraislet fibrosis and macrophage infiltration, pancreatic gene expression of 
VCAM-1, MCP-1, CTGF and ACE were evaluated.
Results: Repeated intraperitoneal injections of recombinant human OPG in 
C57B1/6J mice significantly decreased β-cell mass (-28%; p<0,005) and den-
sity (-20%; p<0,001) and increased β-cell apoptosis (+38%; p<0,001), intrais-
let fibrosis (+24%; p<0,001) and peri- and intraislet macrophage infiltration 
(+44% and +66% respectively; p< 0,001) compared to untreated mice. OPG 
administration was also associated with hyperglycemia and reduced plasma 
insulin levels. In addition, OPG induced pancreatic gene overexpression of 
VCAM-1, MCP-1, CTGF and ACE.
Conclusion: The present study shows that OPG delivery leads to significant 
pancreatic islet structural and functional alterations, thus suggesting a pos-
sible role for OPG in the pathogenesis of diabetes.

369
PTPN2 and MDA5, two candidate genes for type 1 diabetes, modify beta 
cell responses to double-stranded RNA
M.L. Colli, F. Moore, E.N. Gurzov, F. Ortis, D.L. Eizirik; 
Laboratory of Experimental Medicine, Université Libre de Bruxelles, 
Belgium.

Background and aims: Beta cell destruction in early type 1 diabetes (T1D) 
is at least in part the consequence of a “dialog” between beta cells and the 
immune system. This dialog may be affected by the individual’s genetic back-
ground. We presently evaluated whether modulation of two candidate genes 
for T1D, namely PTPN2 and MDA5, affects beta cell responses to double-
stranded RNA (dsRNA), a by-product of viral replication.
Materials and methods: Candidate genes to be tested were selected by com-
parison between known candidate genes for T1D and genes expressed in 
pancreatic beta cells, as identified in previous array analysis from our group. 
This search identified two genes, PTNP2 and MDA5. Next, INS-1E and pri-
mary FACS-purified rat beta cells were transfected with control or siRNAs 
targeting PTPN2 or MDA5 and then exposed to intracellular polyinosinic-
polycytidylic acid (PIC), a synthetic dsRNA. Two different PICs, one with 
100-2,000 bp and the other with >2,000 bp, were used. Real time RT-PCR, 
Western Blot, and viability assays (Hoechst/PI) were performed to character-
ize beta cell gene/protein expression and viability.
Results: PIC induced an increase in PTPN2 (>2-fold) and in MDA5 (>28-
fold) mRNA expression in INS-1E cells (n = 3-4; P<0.05), which was inhib-
ited by >80% using specific siRNAs (n = 3-4; P<0.05). Similar findings were 
observed in primary beta cells. PIC induced 20.0±1.7% and 31.5±3.2% cell 
death after 24 h, as compared to 4.0±0.5% and 4.3±0.8% cell death in respec-
tively control INS-1E or primary beta cells (P<0.05). Cell death was increased 
by 83.9% and 23.3% (n = 4-6; P<0.05) by the siRNA targeting PTPN2 in re-
spectively INS-1E and primary beta cells, while the siRNA against MDA5 
failed to modify dsRNA-induced apoptosis. On the other hand, the siRNA 
targeting MDA5 decreased PIC-induced expression of mRNAs coding for in-
terferon beta (13.5-fold), CXCL10 (4.9-fold), interleukin 15 (2.1-fold), CCL2 
(42.9-fold) and CCL5 (6.9-fold) (n = 4; P<0.05), while the siRNA targeting 
PTPN2 produced only minor changes in CXCL10 (1.2-fold) and interleukin 
15 (1.6-fold) (n = 3), without changing expression of interferon beta, CCL2 
and CCL5 in INS-1E cells. In preliminary experiments (n = 2-4), similar re-
sults were obtained in primary beta cells.
Conclusion: The present findings indicate that changes in PTPN2 and MDA5 
expression modify beta cell responses to dsRNA. While MDA5 modulates the 
pro-inflammatory signals induced by dsRNA, PTPN2 seems to function as a 
defence mechanism against the pro-apoptotic signals generated by dsRNA. 
This suggests that PTPN2 and MDA5, two candidate genes for type 1 diabe-
tes, modulate beta cell apoptosis and/or insulitis independently of their pre-
sumed regulatory roles in the immune system.
Supported by: FNRS (Belgium), EC (Savebeta) and CAPES (scholarship for 
MLC)
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370
XOMA 052, a monoclonal antibody that regulates interleukin-1 beta (IL-
1 beta) activity: an example of a new class of regulatory antibody drugs 
that may confer a unique advantage in the treatment of type 2 diabetes 
mellitus
M.K. Roell, M. White, H. Issafras, K. Michelson, S. Vanegas, L. Gross,  
S. Lee, A. Mirza, J. Hunter, J. Corbin, S. Kantak, S. Doberstein; 
Research, XOMA (US) LLC, Berkeley, United States.

Background and aims: IL-1 beta exerts biphasic effects on pancreatic beta 
cell function; it is beneficial at low concentrations and pathological at high 
concentrations. At low concentrations IL-1 beta acts as a stimulatory, growth, 
and survival factor for beta cells, leading to increased insulin secretion, in-
creased proliferation, and reduced apoptosis. In type-II diabetes, increased 
secretion of IL-1 beta by beta cells results in macrophage infiltration which 
is hypothesized to contribute to loss of beta cell function and mass. Here we 
describe XOMA 052, an ultra-high affinity (0.3 pM) antibody that regulates, 
rather than blocks, IL-1 beta activity.
Materials and methods: XOMA 052 activity was characterized in vitro by 
analysis of binding kinetics for IL-1 beta and its receptors using surface plas-
mon resonance and kinetic exclusion assays. Neutralization of IL-1 beta me-
diated cytokine induction and proliferation by XOMA 052 was evaluated in 
multiple cell-based functional assays, including cell lines and whole blood 
assays.
Results: We demonstrate that XOMA 052 reduces the affinity of IL-1 beta 
for the soluble form of its signaling receptor, IL-1 Receptor I (RI) approxi-
mately ten-fold, and further reduces binding by IL-1 Receptor Accessory 
Protein (RAcP) extracellular domain another two-fold. Such a reduction in 
affinity would predict that binding of IL-1 beta by XOMA 052 will result in 
less efficient formation of the complex responsible for initiation of IL-1 beta-
stimulated signal transduction, and thus a less sensitive dose-response to IL-1 
beta stimulation. We have shown in multiple cell-based functional assays that 
XOMA 052 causes such a shift in the dose-response curve for IL-1 beta-stim-
ulated responses. We have shown that XOMA 052 does not reduce the bind-
ing affinity of IL-1 beta to soluble IL-1 Receptor II (RII), which neutralizes 
IL-1 beta, and in its membrane bound form may facilitate clearance of IL-1 
beta. We hypothesize that XOMA 052 may allow for low levels of beneficial 
IL-1 beta signaling while attenuating pathologically high levels and permit-
ting the normal physiological mechanisms to clear IL-1 beta.
Conclusion: XOMA 052 regulates, rather than blocks IL-1 beta activity 
through its differential effects on the cytokine’s binding to receptors respon-
sible for signaling, neutralization, and clearance of IL-1 beta. This may be the 
first example of a new class of therapeutic antibodies that uses a novel strategy 
to regulate rather than shut down a targeted pathway to mitigate disease pa-
thology while facilitating homeostatic regulation.

PS 14 Oxidative stress and ROS in 
beta cells
371
The role of mimitin in insulin-producing cells 
K. Hanzelka1, E. Gurgul-Convey1, J. Jura2, S. Lenzen1; 
1Institute of Clinical Biochemistry, Hannover Medical School, Germany, 
2Institute of Cell Biochemistry, Jagiellonian University, Cracow, Poland.

Background and aims: Proinflammatory cytokines, especially IL-1 are main 
mediators of pancreatic beta cell destruction and death in T1DM. Cytokines 
affect the expression of many genes and lead to both oxidative and nitrosa-
tive stress. Beta cell mitochondria are the central place of cytokine-induced 
beta cell death. Mimitin is a mitochondrial protein which has recently been 
discovered in human glioblastoma cells and was shown to be involved in cell 
proliferation. The expression, regulation and function of mimitin in insulin-
producing cells is unknown. The aim of the study was to evaluate the role of 
mimitin in insulin-producing cells.
Materials and methods: Insulin-producing INS1E cells were were incubated 
with IL-1 600 U/ml or with a cytokine mixture (IL-1 60 U/ml, TNFα 185 
U/ml und IFNγ 14 U/ml) in the absence or presence of an iNOS blocker 
(L-nitro-Arginine, 5 mM) for 6, 12 or 24 h. Thereafter RNA was isolated. 
Mimitin gene expression was analyzed by Real-Time PCR and corrected to 
beta actin levels. To study the localization of mimitin, cells were transiently 
transfected with pmaxFPTM-green-Mimitin and incubated with a MitoTrack-
er® Deep Red FM, and then analyzed by means of fluorescence microscopy. 
The pcDNA3-human mimitin vector was used to overexpress the protein in 
INS1E cells. The INS1E-hMimitin cells were incubated with cytokines for 72 
h. Cell viability was measured by MTT assay and cell proliferation by BrdU 
ELISA. Insulin secretion was measured by RIA.
Results: Insulin-producing cells express mimitin on a very low level and the 
protein is expressed in the mitochondria. Cytokines downregulate mimitin 
expression after shorter incubations (6 h IL-1 87 %, cytokine mix 48 %; 12 
h IL-1 72 %, cytokine mix 62 %, vs. untreated 100 %), but upregulate it after 
longer time periods (24 h IL-1 175 %, cytokine mix 147 %). Interestingly, 
the cytokine effects depend on NO, because the iNOS blocker counteracted 
cytokine-induced changes in mimitin expression (6 h IL-1 81 %, cytokine 
mix 85 %; 12 h IL-1 75 %, cytokine mix 107 %, 24 h IL-1 96 %, cytokine mix 
78 %). INS1E-hMimitin cells show approximately 400-fold higher mimitin 
expression than untransfected cells. Overexpression of mimitin protected 
insulin-producing cells against cytokine toxicity (MTT 72 h: INS1E IL-1 57 
%, cytokine mix 16 % vs. INS1E-hMimitin IL-1 85 %, cytokine mix 25 %). 
INS1E cells overexpressing mimitin exhibited a significantly higher basal 
proliferation rate compared to untransfected cells (160 % vs. control cells) 
and the suppressive effects of cytokines towards cell proliferation were suc-
cessfully counteracted by mimitin overexpression (72 h: INS1E: IL-1 66%, 
cytokine mix 35%, INS1E-hMimitin IL-1 94%, cytokine mix 68 %). Basal 
insulin secretion was in INS1E 0.47±0.03 ng/ml/µg DNA and in INS1E-
hMimitin 0.44±0.04. Glucose (30 mM) and KCl (25 mM) induced stronger 
insulin secretion in INS1E-hMimitin cells than in control cells (INS1E: 30 
mM Glc 255%, KCl 430 %, INS1E-hMimitin 404 %, KCl 678 %). Mimitin 
overexpression counteracted completely IL-1 reduction in glucose- or KCl-
induced insulin secretion, and the protective effect was weaker in the case of 
the cytokine mixture.
Conclusion: Mimitin is a novel, mitochondrial protein, its expression is reg-
ulated by cytokines and NO. Mimitin prevents cytokine-induced death of in-
sulin-producing cells and stimulates cell proliferation. Importantly, mimitin 
counteracts also deleterious effects of cytokines on glucose-induced insulin 
secretion.

372
Modulation of KATP channels increases the activity of antioxidant enzyme 
systems and protects beta cells against ROS-induced cell damage
M. Düfer1, B. Gier1, P. Krippeit-Drews1, L. Aguilar-Bryan2, J. Bryan2, G. Drews1; 
1Pharmazeutisches Institut, Universität Tübingen, Germany, 2Pacific 
Northwest Research Institute, University of Washington, Seattle, United 
States.

Background and aims: We observed that KATP channel-deficient islet cells 
(SUR1-KO) were less sensitive to H202-induced alterations in membrane po-
tential, [Ca2+]c and insulin secretion compared to wildtype (WT) islets. In 
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addition SUR1-KO islet cells were protected against ROS-induced apoptosis. 
The aim of the present study was to elucidate whether similar effects could be 
evoked by modulation of KATP channel activity by sulfonylureas and to iden-
tify the underlying mechanisms.
Materials and methods: Apoptotic beta cells were identified by TUNEL and 
NucViewTM (determination of active caspase3) labeling, respectively. Activity 
of catalase (Cat), superoxide dismutase (SOD) and glutathione peroxidase 
(GPx) was measured by suited enzyme assays.
Results: One hour incubation of WT islet cells with H2O2 or SNOC increased 
apoptotic cell death 3.0±0.4-fold (10 µM H2O2, n=3, P<0.01), 4.0±0.3-fold 
(25 µM H2O2, n=5, P<0.01) and 2.7±0.4-fold (100 µM SNOC, n=3, P<0.01), 
respectively. In contrast, the fraction of apoptotic cells was not affected by 
10 µM H2O2 (n=3) or by 100 µM of the NO donor SNOC (n=3) in SUR1-
KO islet cells and the effect of 25 µM H2O2 was much less pronounced vs 
WT (n=3). Protection against H2O2-induced loss of cell viability could also 
be achieved in WT islet cells by preincubation (4 hours) with tolbutamide 
(25 µM) or gliclazide (10 µM) (n=3). Next we tested whether KO or inhibi-
tion of KATP channels affected antioxidant enzyme systems. In SUR1-KO islets 
we observed an approximately 2-fold increase in the activity of SOD (n=4, 
P<0.05), Cat (n=3, P<0.001) and GPx (n=5, P<0.05), respectively, compared 
to WT islets. Importantly, treatment of WT islet cells with tolbutamide (100 
µM) or gliclazide (10 µM) for four hours also elevated the activity of SOD 
(19±1 U/mg protein under control conditions vs. 34±3 U/mg protein after 
gliclazide treatment, n=3; P<0.01) and Cat (15±2 mU/mg protein vs. 26±2 
mU/mg protein, n=3, P<0.05). The sulfonylurea-induced activation of SOD 
critically depended on [Ca2+]c and was diminished by blocking Ca2+ influx 
through L-type Ca2+ channels (n=3).
Conclusion: Regarding ROS-induced cell damage the protective effects of 
KATP channel ablation is mimicked by pharmacological reduction of KATP 
channel activity. Both manoeuvres induced an up-regulation of antioxidant 
enzymes. The data indicate that modulation of KATP channel activity might 
provide a useful strategy to improve the resistance of pancreatic beta cells 
during periods of increased oxidative stress.
Supported by: the Deutsche Forschungsgemeinschaft, U.S. National Institute of 
Health and JDRF

373
Endogenous production of hydrogen sulfide by beta cells protects against 
oxidative stress-mediated cell death
J.G. Mabley, W.-W. Li, P.K. Chatterjee; 
School of Pharmacy & Biomolecular Sciences, University of Brighton, 
United Kingdom.

Background and aims: ß-cells produce hydrogen sulfide from L-cysteine via 
the enzyme cystathionine gamma-lyase (CSE). Hydrogen sulfide production 
in ß-cells has inhibitory effects on insulin secretion and as CSE expression 
increases in diabetes may participate in loss of ß-cell function. However, 
hydrogen sulfide is protective in a variety of disease states including those 
mediated by oxidative stress, the mechanisms involved range from induction 
of cytoprotective enzymes to direct interaction with reactive oxygen species. 
Hyperglycaemia increases cellular production of methylglyoxal leading to 
oxidative stress. Methylglyoxal levels are increased in Type I and II diabetics 
and may be involved in development of both diabetic complications and ß-
cell dysfunction. The aim of this study was to examine whether endogenous 
ß-cell production of hydrogen sulfide protects against oxidative stress-medi-
ated cell death induced by methylglyoxal.
Materials and methods: The BRIN-BD11 ß-cell line was exposed to methyl-
glyoxal (MGO, 1 or 2 mM) or hydrogen peroxide (0.3 or 1 mM) for 4h either 
alone or in combination with 0.3, 1 or 3 mM L-cysteine or a hydrogen sulfide 
donor, sodium hydrogen sulfide. Cell viability was determined using the 
MTT assay and cell death assessed by propidium iodide and Hoechst stain-
ing. Inhibitors of CSE, DL-propargylgylcine (PAG, 3 mM), and glutathione 
synthesis, buthionine sulfoximine (BSO, 1 mM), were used in combination 
with L-cysteine.
Results: MGO exposure reduced ß-cell viability to 43±6% and 25±2% for 
1 and 2 mM respectively (p<0.01). Simultaneous application of L-cysteine 
protected the ß-cells from MGO-mediated loss of cell viability; with 0.3, 1 
and 3 mM L-cysteine in combination with 1 mM MGO increasing viability to 
86±3%, 97±2% and 102±2% and in combination with 2 mM MGO to 59±8%, 
63±7% and 86±3% (p<0.01 vs. MGO alone). This protective effect of 0.3 and 
1 mM L-cysteine was blocked by 3 mM PAG (45±2% and 48±1% with 1 mM 
MGO, 28±1% and 27±4% with 2 mM MGO). BSO had no effect on the pro-
tective effect of L-cysteine ruling out the conversion of L-cysteine to glutath-

ione as the mechanism of protection. MGO increased ß-cell apoptosis from 
3±1% to 16±2% and 21±3% for 1 and 2 mM MGO respectively (p<0.01). 
L-cysteine treatment again protected against this MGO-mediated increase in 
apoptosis with 1 mM L-cysteine reducing apoptosis to 5±2% and 8±3% when 
applied in combination with 1 or 2 mM MGO, an effect which was again 
blocked by PAG but not BSO. Simultaneous application of exogenous hydro-
gen sulfide dose dependently protected ß-cells from MGO-mediated loss of 
cell viability; with 0.3, 1 and 3 mM hydrogen sulfide in combination with 1 
mM MGO increasing cell viability to 71±6%, 71±5% and 73±4% respectively 
and in combination with 2 mM MGO to 62±7%, 67±7% and 71±5% (p<0.01 
vs. MGO alone). Hydrogen sulfide (3 mM) also reduced the levels of apopto-
sis observed with 1 or 2 mM MGO to 8±2% and 11±3% respectively (p<0.05 
vs. MGO alone). Similar results were observed when hydrogen peroxide was 
used as the oxidative stress inducer.
Conclusion: (i) Endogenous production of hydrogen sulfide from L-cysteine 
or exogenously applied hydrogen sulfide, via a donor, protects ß-cells against 
methylglyoxal-mediated ß-cell death and therefore may act as an anti-oxi-
dant defence system for ß-cells. (ii) Increased production of hydrogen sulfide 
by ß-cells in diabetes may be detrimental to cellular function in the short 
term but may act to protect the ß-cell from cell death in the long term.

374
Protective effect of glucokinase activation against hydrogen peroxide-
induced cell death in a model of pancreatic beta cells
M. Futamura1, H. Maruki1,2, H. Shimazaki1, H. Hosaka1, J. Kubota1,  
T. Nakamura1, R. Yamashita1, T. Lino1, T. Nishimura1, B.B. Zhang2, J.-I. Eiki1; 
1Banyu Pharmaceutical, Tsukuba, Japan, 2Merck Research Laboratories, 
Rahway, United States.

Glucokinase (GK) functions as the glucose sensor in pancreatic β-cells to en-
hance insulin release. Recently, GK was found to form a complex with a pro 
apoptotic protein BAD in mitochondrial membrane, suggesting that GK is 
involved in apoptotic signaling pathway. We investigated the effect of a small 
molecule GK activator (Cpd B) on cell death in MIN6 cells, a mouse insuli-
noma cell line. Cpd B activates the recombinant GK with EC50 of 70 nM in 
the presence of 10 mM glucose. When incubated with MIN6 cells at 1 μM, 
Cpd B prevented hydrogen peroxide (H2O2)-induced acute cell death (% cell 
survival was 66±1.2 for the H2O2-treated group and 93±1.7 for Cpd B treated 
group, p < 0.05, n=3). Pyruvate, a metabolic intermediate of glycolysis, also 
protected MIN6 cells from H2O2-induced cell death. An increase of intracel-
lular NADH level was observed by the treatment of Cpd B or pyruvate. In 
contrast, a sulfonylurea (SFU) agent glipizide did not show such protective 
effect, indicating that an autocrine effect of insulin does not account for the 
suppression of acute cell death. Furthermore, Cpd B suppressed apoptotic cell 
death caused by glucose depletion in cultured MIN6 cells. The anti-apoptotic 
effect of Cpd B was not affected by inhibitors of insulin release such as soma-
tostatin and diazoxide, however, it was blocked by respiratory chain inhibi-
tors. Investigation of glucose metabolism revealed that Cpd B but not SFU in-
creased glucose metabolism, ATP content and mitochondrial membrane po-
tential in the cells, suggesting that GK activation prevents apoptosis through 
preservation of mitochondrial oxidative phosphorylation activity and ATP 
production. Consistent with this finding, Cpd B remarkably increased the 
level of GK associated with mitochondria even under low glucose conditions. 
Taken together, activation of glucose metabolism pathway and increased GK 
association with mitochondria could account for the anti-apoptotic effect of 
Cpd B. GK activators may have a potential for protecting β-cells from dete-
rioration typically associated with type 2 diabetes.

375
Role of oxidative stress in the alterations of pancreatic beta cell survival 
and function induced by prolonged culture in low glucose
S.M.A. Pascal, J.-C. Jonas; 
Unit of Endocrinology and Metabolism, Faculty of Medicine, Université 
catholique de Louvain, Brussels, Belgium.

Background and aims: Prolonged exposure of rodent beta cells to extreme 
low glucose concentrations markedly reduces preproinsulin gene expression 
and glucose-stimulated insulin secretion (GSIS) while triggering apoptosis. 
The latter, which is prevented by antioxidants, likely results from an increase 
in oxidative stress. However, whether oxidative stress contributes to the re-
duction of GSIS under this condition is unknown. Here, we tested the effect 
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of the catalytic antioxidant Manganese (III)tetrakis (4-benzoic acid) porphy-
rin (MnTBAP) on the alterations of beta cell function and survival during 
prolonged culture in low glucose.
Materials and methods: Male Wistar rat islets were cultured for 1 week in 
RPMI medium containing 5g/l BSA and 5-10 mM glucose (G5-G10) with or 
without 50 µM MnTBAP. After culture, glucose-induced changes in intrac-
ellular Ca2+ concentration ([Ca2+]i) and insulin secretion were measured in 
perifused islets. DNA fragmentation was measured with a commercial ELISA 
and gene mRNA levels by RT-qPCR. Results are means ± SEM for at least 
8 islets from 3 experiments. Statistical significance of differences between 
groups was assessed by unpaired t-test or 2-way ANOVA followed by a test 
of Bonferroni.
Results: After culture in G10, acute stimulation from 0.5 to 20 mM glucose 
induced a transient decrease in [Ca2+]i followed by a rapid rise in [Ca2+]i and 
insulin secretion that was further increased by depolarizing islets with 30 mM 
extracellular K+ (K30). In contrast, after culture in G5, the insulin secretory 
response to both stimuli was markedly reduced (by 99%, P<0.001), owing to 
a lack of glucose-induced rise in [Ca2+]i (P<0.001) without changes in the re-
sponse to K30, and to an ~70% reduction in islet insulin/DNA content ratio 
(P<0.001). These functional alterations were associated with an ~87% decrease 
in preproinsulin mRNA levels (P<0.001), a marked upregulation of the mRNA 
levels of the pro-apoptotic factor c-Myc (~16-fold, P<0.001) and of the oxida-
tive stress-response genes Heme oxygenase 1 (Hmox1) (~3-fold, P<0.001) and 
Metallothionein 1a (Mt1a) (~67-fold, P<0.001), and a 7-fold increase in islet 
cell apoptosis (P<0.001). As expected, the porphyrin derivative MnTBAP in-
creased Hmox1 mRNA levels under all culture conditions and did not affect 
beta-cell survival and function during culture in G10. In contrast, MnTBAP 
significantly reduced islet oxidative stress during culture in G5, as shown by 
a 50-70% reduction in c-Myc and Mt1a mRNA levels (P<0.001) and a 50% 
decrease in islet cell apoptosis (P<0.01). Despite these beneficial effects, MnT-
BAP only improved the glucose-induced [Ca2+]i rise 2.5-fold (P<0.05), GSIS 
4-fold (P=0.083), the insulin to DNA content ratio 1.5-fold (P<0.05) and pre-
proinsulin mRNA levels 1.5-fold (P=0.062) in islets cultured in G5. As a result, 
the reduction in beta cell glucose responsiveness was still inhibited by ~97% as 
compared with islets cultured in G10 with or without MnTBAP.
Conclusion: An ~50-70% reduction in oxidative stress and islet cell apoptosis 
during culture in 5 vs 10 mM glucose is not sufficient to improve the beta cell 
ability to respond to a subsequent glucose challenge. These results suggests 
that beta cell function is more sensitive than islet cell survival to moderate 
levels of oxidative stress. Alternatively, the loss of GSIS after culture in G5 
is mostly independent from the induction of islet cell oxidative stress and 
apoptosis.

376
Generation of oxidative stress is responsible for the sustained activation 
of the transcriptional repressor ICER in beta cells
D. Favre1, F. Allagnat1, G. Niederhäuser1, V. Plaisance1, J.-A. Haefliger1,  
R. Regazzi2, G. Waeber1, A. Abderrahmani1; 
1Service of Internal Medicine, Centre Hospitalier Universitaire Vaudois 
(CHUV), 2Department of Cell Biology and Morphology, University of 
Lausanne, Switzerland.

Background and aims: Type 2 diabetes (T2D) develops in patients whose 
pancreatic β-cells fail to secrete enough insulin to compensate for insulin 
resistance. Environmental stressors such as chronic hyperglycaemia and el-
evated levels of free fatty acids contribute to β-cell failure by generating oxi-
dative stress (OS) and promoting sustained activation of the inducible cAMP 
early repressor (ICER). Oxidised LDL (oxLDL) are also thought to participate 
in the pathogenesis of T2D. The ratio of the plasma circulating levels of ox-
LDL-cholesterol particles over native LDL are increased in diabetic patients. 
Independent studies have shown the adverse effects of oxLDL on insulin syn-
thesis, secretion and on β-cell survival. In this study, we investigated whether 
ICER activation is responsible for the oxLDL-induced β-cell dysfunction and, 
since these modified lipoproteins induce OS, we sought for a potential link 
between induction of ICER and OS.
Materials and methods: Native LDL fractions were freshly prepared from 
plasma of human healthy donors by sequential centrifugation. In vitro oxi-
dization of LDL by copper was adjusted to obtain oxidised LDL qualitatively 
similar to those observed in patients. The lipoprotein preparations were dia-
lyzed against phosphate-buffered saline and culture medium to remove cop-
per and salts. Mouse MIN6 insulin-secreting cells and isolated rat islets were 
exposed to 2 mM oxLDL-cholesterol or 150 µM hydrogen peroxide (H2O2) in 
the presence or absence of 1mM of the antioxidant N-acetylcysteine (NAC).

Results: Exposure of MIN6 cells and rat isolated islets to 2mM of oxLDL-
cholesterol particles induced a drastic rise in the content and activity of ICER. 
In line with the induction of ICER, the expression of target genes important 
for synthesis and secretion of insulin such as the exocytotic genes (Rab3a, 
granuphilin, Noc2 and Rab27) and connexin 36 were diminished and nu-
trients-induced insulin secretion was impaired. Islet brain 1 (IB1) is a JNK 
scaffold protein that preserves β-cells against JNK-mediated apoptosis pro-
voked by many pro-apoptotic stressors. IB1 has been recently identified as 
an ICER target gene and its expression is reduced in the cells cultured with 
oxLDL. Suppression of ICER by small interfering RNAs prevented the loss of 
expression of all its target genes evoked by oxLDL and improved β-cell func-
tion. Implication of OS in the activation of ICER was demonstrated by the 
up-regulation of the transcriptional repressor in β-cells treated with H2O2. 
Co-incubation of the cells with 1mM of the antioxidant NAC abrogated in-
duction of ICER, and restored nutrients-induced insulin release.
Conclusion: The data show that persistent induction of ICER mediates the 
harmful effects of oxLDL and emphasize OS as the mechanism involved in 
this dysregulation.
Supported by: an EFSD/MSD grant

377
Cytoprotective effect of prostacyclin synthase overexpression in insulin-
producing cells 
E. Gurgul-Convey, S. Lenzen; 
Institute of Clinical Biochemistry, Hannover Medical School, Germany.

Background and aims: Proinflammatory cytokines play a crucial role in the 
pathogenesis of type 1 diabetes, a disease with an inflammatory background. 
One of the cytokine-regulated pathways is the arachidonic acid metabolism 
pathway, comprising the induction of cyclooxygenases and the production of 
different prostaglandins. Through this pathway cytokine toxicity is mediated 
in many cell types, including pancreatic beta cells. Interestingly, some cell 
types have been shown to be insensitive to such toxicity and this correlated 
with a high expression of prostacyclin synthase. Therefore it was the aim of 
this study to evaluate the role of prostacyclin and the molecular mechanisms 
underlying its effects in insulin-producing cells.
Materials and methods: Insulin-producing cells were stably transfected 
with the pcDNA3.1-hPGIS. Cells were treated with IL-1β 600 U/ml or with 
a cytokine mixture (IL-1β 60 U/ml, TNFα 185 U/ml, IFNγ 14 U/ml) for 72 
h and thereafter cell viability was measured by MTT test, proliferation by a 
BrdU ELISA and caspase-3 by a chemiluminescent method. NFκB and iNOS 
promoter were analyzed by a SEAP-reporter gene assay. iNOS WBs were 
performed and nitrite was measured by Griess assay. Glucose oxidation was 
estimated by use of [U-14C]glucose.
Results: The endogenous prostacyclin synthase expression in rat pancreatic 
islets and in insulin-producing RINm5F cells is extremely low (around 5 and 
1 %, respectively, of that found in rat liver). Cytokines were toxic in control 
cells (MTT, IL-1β 67 %, Mix 40 % viable cells), but not in PGIS overexpress-
ing cells (MTT, IL-1β 91%, Mix 85 % viable cells). Cytokines slowed down 
proliferation of control cells (IL-1β 88 %, Mix 55 %), but not in PGIS overex-
pressing cells (IL-1β 102 %, Mix 84 %). Similarly, caspase-3 was significantly 
activated by cytokines in control cells (IL-1β 10-fold, Mix 5-fold induction), 
but this induction was counteracted by PGIS overexpression (IL-1β 13 %, 
Mix 200 %). This effect was specific for cytokines, because camptothecin 
induced caspase-3 activation in the same manner in control and PGIS cells 
(6-fold). NFκB and iNOS promoter were highly activated by cytokines in the 
control cells (NFκB IL-1β 217 %, Mix 190 %; iNOS promoter IL-1β 422 %, 
Mix 531 %) and, again, this activation was significantly lower in PGIS cells 
(NFκB IL-1β 111 %, Mix 119 %; iNOS promoter IL-1β 163 %, Mix 153 %). 
Also the cytokine-stimulated iNOS protein induction was high in control 
cells and extremely low in PGIS cells. Nitrite levels were elevated in control 
cells treated with cytokines (IL-1β 3.9±0.7 vs. Mix 4.7±0.5 pmol/µg protein), 
but there was virtually no nitrite in cytokine-treated PGIS cells. Cytokines 
significantly decreased glucose oxidation in control cells (IL-1β 63 %, Mix 34 
% vs. untreated 100 %), and, in contrast, induced it in PGIS cells (IL-1β 286 
%, Mix 376 %).
Conclusion: Prostacyclin synthase overexpression had a large protective ef-
fect against cytokine toxicity in insulin-producing cells. This protective effect 
of PGIS against cytokine toxicity correlated with a decreased activation of 
the transcription factor NFκB and the iNOS promoter as well as a reduced 
iNOS protein expression and nitrite production. Moreover, cytokine-induced 
caspase-3 activation and reduction of glucose oxidation and cell proliferation 
were suppressed by PGIS overexpression Thus, prostacyclin synthase overex-
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pression may represent a novel strategy for protection of pancreatic beta cells 
against inflammation-based destruction during T1DM development.

378
Intermittent hypoxia-specific expression of CCL2, CXCL9, and CXCL10 
genes via NFkappaB activation in pancreatic beta cells
H. Ota, S. Tamaki, A. Itaya-Hironaka, A. Yamauchi,  
S. Sakuramoto-Tsuchida, T. Morioka, Y. Dohi, S. Takasawa, H. Kimura; 
Nara Medical University, Kashihara, Japan.

Background and aims: Obstructive sleep apnea syndrome (OSAS) is a highly 
prevalent sleep disorder characterized by cyclic intermittent hypoxia. Meta-
bolic syndrome characterized with obesity, hypertention, dyslipidemia, and 
hyperglycemia is prevalent in OSAS, which recently comes to be considered 
as an inflammatory systemic disease. Chemokines enhance the inflamma-
tory response by recruiting immune-cells to sites of injury or inflammation. 
Although diabetes is frequently associated with OSAS, effects of intermittent 
hypoxia on chemokine gene expression in beta-cells are elusive.
Materials and methods: Rat insulinoma RINm5F cells were exposed to 
sustained hypoxia (1% O2) for 24 hours, 64 cycles of intermittent hypoxia 
(5 min hypoxia (1% O2)/10 min normoxia (21%O2)), or normoxia. Total 
RNA was prepared from sustained hypoxia-, intermittent hypoxia-, and nor-
moxia-treated cells. Quantitative RT-PCR of CCL2, CCL20, CXCL2, CXCL9, 
CXCL10, and pancreatic derived factor (PANDER) was performed using 
sustained hypoxia-, intermittent hypoxia-, or normoxia-treated cell RNA 
as template. RINm5F cells were transiently transfected with reporter plas-
mid consisting of a luciferase reporter gene under the control of consensus 
binding sites for stress-related transcription factors, nuclear factor kappa B 
(NFkappaB), hypoxia induced factor (HIF), interferon regulatory factor 1, 
heat shock transcription factor (HSF), serum response factor (SRF), activator 
protein 1 (AP-1), or cyclic AMP responsive element binding protein (CREB). 
After transfection, cells were exposed to sustained hypoxia, intermittent hy-
poxia, or normoxia for 24 hours. Transcriptional activation was measured by 
luciferase activity of the cell extract.
Results: Quantitative RT-PCR revealed that mRNAs of CXCL10 (1.9 fold), 
CCL2 (6.3 fold), and CXCL9 (12 fold) were increased by intermittent hy-
poxia. By reporter assay, we found that NFkappaB was activated by intermit-
tent hypoxia (% increase over normoxia; 40.1±10.6%, p<0.05) but not by sus-
tained hypoxia. HSF (32.4±6.0%, p<0.005), SRF (44.9±6.6%, p<0.005), AP-1 
(73.6±9.6%, p<0.0005), and CREB (115.0±11.9%, p=0.0001) were activated 
by sustained hypoxia.
Conclusion: NFkappaB but not HIF, HSF, SRF, AP-1 nor CREB was acti-
vated by intermittent hypoxia in pancreatic beta-cells to induce expression 
of CCL2, CXCL9, and CXCL10 genes. These chemokines could directly or 
indirectly damage beta-cells to induce apoptosis. In fact, CD95 mRNA was 
significantly induced by intermittent hypoxia in beta-cells. These results in-
dicate that NFkappaB activation is a key step of chemokine induction in pan-
creatic beta-cells by intermittent hypoxia and suggest possible mechanism of 
hypoxia-reperfusion injury of beta-cells induced by cycles of hypoxia- reoxy-
genation in OSAS patients.

379
Is autophagy the mechanism of dioxin-induced cell death of the beta cell 
line INS-1E?
V. De Tata, M. Masini, L. Martino, M. Novelli, P. Masiello; 
Experimental Pathology, University of Pisa, Italy.

Background and aims: Several epidemiological studies have clearly demon-
strated a positive correlation between dioxin exposure and type 2 diabetes 
incidence. In order to clarify the biological basis of this correlation we have 
previously demonstrated that 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
is highly toxic for INS-1E cells and that, even at very low doses, markedly 
impairs glucose-stimulated insulin secretion. The aim of this research has 
been to further investigate the mechanism of the acute TCDD citotoxicity 
in INS-1E cells.
Materials and methods: INS-1E cells were exposed for 1 hr to TCDD either 
alone or in the presence of different concentrations (0-300 μM) of epigallo-
catechin-3-gallate (EGCG), the main polyphenol component of green tea. We 
have then assayed: 1) cell survival by WST-1; 2) ultrastructural alterations by 
electron microscopy; 3) mitochondrial membrane potential by cytofluorim-
etry; 4) changes in intracellular calcium concentrations by fluo-3/AM-based 
fluorimetry; 5) glucose-stimulated insulin secretion.

Results: Our results show that EGCG was able to significantly increase, in a 
dose-related manner, the survival of INS-1E cells exposed for 1 h to 12.5 or 25 
nM TCDD. Besides evidence of apoptosis or necrosis in many cells, one of the 
most interesting ultrastructural alterations induced by 1 h exposure to TCDD 
was a remarkable activation of autophagy, as indicated by the presence of 
several large autophagic vacuoles containing identifiable organelles, such as 
mitochondria or degraded membranes. Autophagy was further confirmed by 
monodansyl cadaverine fluorescence. In EGCG-protected cells, necrosis or 
apoptosis were significantly reduced and autophagic vacuoles were no longer 
found after 1 hr exposure to TCDD. Conversely, ultrastructural evidence of 
autophagy activation was found in both unprotected and EGCG-protected 
INS-1E cells after 10 and 30 min of exposure to TCDD. EGCG had no effect 
on TCDD-induced increase in intracellular calcium concentration, but sig-
nificantly prevented TCDD-induced mitochondrial depolarization. Finally, 
EGCG was also able to fully prevent TCDD-induced impairment of glucose-
stimulated insulin secretion.
Conclusion: Our study clearly shows that EGCG is highly effective in pre-
venting TCDD toxicity in INS-1E cells, in terms of both cell survival and 
preservation of their functional properties. Moreover, our ultrastructural 
findings show that the protective effect of EGCG does not inhibit the early 
activation of autophagy induced by TCDD. Autophagy is a mechanism for 
bulk degradation of cytosolic proteins and organelles which has been claimed 
to be the hallmark of a new type of programmed cell death, the autophagic 
cell death. Our results rather indicate that in TCDD-induced cytotoxicity, au-
tophagy could be interpreted as a pro-survival mechanism. The protective 
effect of EGCG could be likely related to its ability to preserve mitochondrial 
function in INS-1E cells, thus preventing apoptosis and impairment of glu-
cose-stimulated insulin secretion.

380
Restoration of glucose stimulated insulin secretion by copper addition 
- a possible role of interleukin-1β and oxidative stress
G. Aharon-Hananel1, S. Lenzen2, A. Jorns3, I. Raz1, S. Weksler-Zangen1; 
1Diabetes Center, Hadassah University Hospital, Jerusalem, Israel, 2Institute 
of Clinical Biochemistry, Hannover Medical School, Germany, 3Centre of 
Anatomy, Hannover Medical School, Germany.

Background and aims: Cytokines are mediators of β-cell dysfunction in 
diabetes. When fed high-sucrose low-copper diet (HSD), Cohen diabetic 
sensitive (CDs) rats exhibit hyperglycemia while resistant (CDr) rats remain 
normoglycemic. Prevention of β-cell dysfunction was obtained in the CDs 
rats by addition of adequate (15ppm) copper (Cu) concentration to HSD 
(HSD-Cu). In the CDs-rat, hyperglycemia was associated with exocrine infil-
tration of macrophages secreting IL1-β which may promote the production 
of free radicals and a successive diminished glucose stimulated insulin secre-
tion (GSIS).
Aim: To analyze the role of IL1-β, oxidative stress and Cu deficiency in the 
reduced GSIS of the CDs rats.
Materials and methods: Islets isolated from normoglycemic CDs and CDr 
rats were pre-incubated for 24h w/o IL1-β (1.25-10U/ml), w/o Cu-GHL (0.4-
0.7umol/l) or L-NOARG (5mM). Islet insulin-secretion was evaluated (RIA) 
in KRB + 1.7 or 16.7 mmol/l glucose. In-vivo, OGTT (glucose, 3.5g/kg) and 
insulin tolerance test (ITT, insulin 0.25U/kg) were performed on CDs rats fed 
HSD-Cu or treated with aminoguanidine (50mg/kg, i.p.) for 15 days.
Results: In isolated islets, the initial GSIS of CDs was ~2fold lower than CDr 
(1103±178 vs. 2052±152pmol/l P=0.001, respectively). Low IL1- β (1.25U/
ml) increased the GSIS of CDr (2581±84 pmol/l p<0.05) but had no effect on 
CDs. 2.5U/ml IL1-β markedly decreased GSIS of CDs but had no effect on 
CDr (620±97 vs. 2187±262pmo/l, P<0.001 respectively). Larger concentra-
tions of IL1-β reduced GSIS of CDs and CDr but had a bigger effect on CDs. 
Cu completely restored the initial GSIS of CDs (2409±428pmol/l p=0.02) up-
to the GSIS of CDr and prevented the reduction in GSIS induced by IL1-β in 
both CDs and CDr. Addition of iNOS inhibitor (L-NOARG) did not affect 
the reduced initial insulin secretion of CDs but prevented the reduction in 
GSIS induced by IL1-β in both CDs and CDr. In-vivo, CDs-HSD rats treated 
with the iNOS inhibitor aminoguanidine or fed HSD-Cu exhibited a reduc-
tion of the OGTT-AUC (P=0.02 and P=0.001 respectively) compared to ve-
hicle treated CDs-HSD rats. Exogenous insulin produced a significant reduc-
tion in the ITT-AUC of aminoguanidine and HSD-Cu treated rats (2950±168 
and 2549±303 mg/dl/min respectively) compared to vehicle treated rats 
(4533±531mg/dl/min, p<0.05). 
Conclusion: In vitro, the initial lower capacity of the CDs-islets to secrete-
insulin in response to glucose was restored by Cu but not by iNOS inhibi-
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tion. CDs-islets are more sensitive to the deleterious effect of IL1-β compared 
to CDr. The IL1-β-induced reduction in insulin-secretion was reversed by 
both Cu and iNOS inhibition. In vivo, Cu and iNOS inhibitor significantly 
decreased the hyperglycemia of the CDs-HSD rats and increased their pe-
ripheral sensitivity to insulin. The ability of iNOS inhibitor to prevent the 
IL1-β induced reduction in insulin secretion provides a possible link between 
oxidative stress and β cell dysfunction. The fact that Cu protected the β-cells 
from the deleterious effect of IL1-β in a similar fashion as iNOS inhibitor sug-
gest that the restoration of β cells function by Cu is at least partially obtained 
by reducing oxidative stress. Understanding the mechanisms regulating β-
cell dysfunction is important for the development of novel disease modifying 
treatments.
Supported by: the Israeli Ministry of Health

PS 15 Beta cell lipotoxicity
381
Inhibition of MiR-375 supresses lipoapoptosis in mouse insulin-
secreting cell line NIT-1
Y. Li, X.J. Xu, S.Y. Liu, Y. Liang, L. Yan, Z.Z. Fu; 
Department of Endocrinology and Metabolism, The Second Affiliated 
Hospital of Sun Yat-sen University, Guangzhou, China.

Background and aims: Free fatty acids (FFAs) -induced apoptosis of pancre-
atic β-cells, namely lipoapoptosis, has been regarded as a critical determinant 
in the pathogenesis of Type 2 diabetes (T2D). MiR-375 is a evolutionarily 
conserved and islet-specific microRNA that is validated as a regulator of in-
sulin secretion. The mechanism underlying the action of miR-375 is due to 
the reduction in expression of its target gene, myothophin. The purpose of 
this study was to investigate the role of miR-375 in the lipoapoptosis of a 
pancreatic β-cell line, NIT-1.
Materials and methods: We transfected mouse β-cell line NIT-1 with miR-
375 or antisense oligonuleotide( 2′-O-me-375) to enhance or specifically 
inhibit miR-375 function .As negative controls ,NC-miR375 and liposome 
were also transfected. The change in the percentage of apoptotic cells upon 
palmitate challenge (incubated with 500uM palmitate for 48h) was evalu-
ated by Hochest33342 and terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick end-labeling (TUNEL) staining, respectively. 
Meanwhile,western blot for myothophin was performed.
Results: Results showed that overexpression of miR-375 was associ-
ated with enhanced pancreatic β-cell lipoapoptosis (TUNEL positive 
cells:from13.14±4.24%to 24.00±12.53%; hochest33342 stained apoptotic 
cells:from 14.90±3.52 % to 23.06±12.97%,P < 0.001). In contrast, inhibi-
tion of endogenous miR-375 function by 2′-O-me-375 suppressed the 
lipoapoptosis(TUNEL positive cells:from 13.14±4.24% to 6.06±3.89 %, 
Hochest33342 stained apoptotic cells:from 14.90±3.52% to 7.86±3.48%,P < 
0.001). We also found that the protein level of myotrophin is inversely cor-
related with the percentage of palmitate -induced apoptotic NIT-1 cell.
Conclusion: MiR-375 may serve as a regulator of pancreatic β-cell lipoapop-
tosis and a potential therapeutic target of Type 2 diabetes.

382
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Palmitate triggers distinct cellular redistribution of PKCdelta and 
counteracts its degradation in isulin secreting INS-1 cells 
F. Ranta, D. Michael, C. Klingler, R. Lammers, H.-U. Häring, S. Ullrich; 
Internal Medicine and Clinical Chemistry, University Hospital Tübingen, 
Germany.

Background and aims: Previous work demonstrated that transgenic mice 
over-expressing a kinase dead PKCdelta (PKCdeltaKN) in beta-cells are pro-
tected from high fat diet - induced impaired glucose tolerance. However, the 
importance of PKCdelta and the molecular mechanisms underlying high fat 
diet - induced beta-cell failure are not completely understood. Upon stimula-
tion, PKCdelta translocates to cellular compartments such as plasma mem-
brane, nuclei, mitochondria and endoplasmic reticulum. This translocation 
is a prerequisite for the regulation of diverse cellular processes by PKCdelta. 
The present study examines changes in PKCdelta signalling induced by satu-
rated free fatty acids.
Materials and methods: To follow palmitate-mediated subcellular redistri-
bution of PKCdelta, INS-1E cells were transfected with a wild type PKCdelta 
(PKCdeltaWT) or a kinase dead PKCdelta (PKCdeltaKN) using a retrovi-
ral infection system. The expression of PKCdelta was assessed by Western 
blotting and its subcellular distribution by immunocytochemistry. The per-
centage of apoptotic cells was quantified by TUNEL versus TOPRO3 DNA 
staining.
Results: Short term treatment (1-10 min) with palmitate (600 µM) triggered 
a transient nuclear accumulation of PKCdeltaWT followed by a cytoplasmic 
redistribution of the kinase. After long term treatment (1 d) with palmitate 
cytosolic clustering of PKCdelta was observed without any visible degrada-
tion. More importantly, after depletion of PKCdelta by treating the cells with 
phorbol ester for 1 d (PMA, 100 nM) the addition of palmitate resulted in a 
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significant reappearance of cytosolic PKCdelta protein. In contrast to palmi-
tate, PMA within the first min induced a rapid translocation of PKCdelta 
to the plasma membrane, followed by a transient nuclear accumulation and 
perinuclear localisation of the kinase. In INS-1 cells that over-expressed PK-
CdeltaKN, PKCdelta immunoreactivity accumulated in the nucleus after 
stimulation with palmitate or PMA without subsequent redistribution and 
any sign of degradation. Palmitate (600 µM for 2 d) treatment increased the 
percentage of apoptotic cells 2- to 3-fold in control INS-1 cells and in cells 
over-expressing PKCdeltaWT. This effect of palmitate was neither inhibited 
nor mimicked by the phorbol ester (PMA, 100 nM for 2 d).
Conclusion: The increased and sustained expression of PKCdelta in the pres-
ence of long term treatment with palmitate may explain that palmitate but 
not PMA stimulates apoptotic cell death. Nuclear extrusion and degradation 
of PKCdelta depends on intact kinase activity.
Supported by: UL140/7-1, GRK1302/1

384
Over-expression of kinase-dead PKCdelta induces cell cycle arrest in 
insulin secreting INS-1 cells
J. Leveringhaus, F. Ranta, D. Michael, R. Lammers, H.-U. Häring, S. Ullrich; 
Internal Medicine and Clinical Chemistry, University of Tübingen, 
Germany.

Background and aims: The serine/threonine protein kinase C delta (PKCdel-
ta) is a ubiquitously expressed enzyme involved in opposing cellular process-
es such as apoptosis, cell survival and proliferation. In pancreatic beta-cells 
PKCdelta was proposed to mediate the pro-apoptotic effect of saturated free 
fatty acids, but the underlying mechanism is still a matter of debate. Beta-cell 
dysfunction involves long term transcriptional changes. One transcription 
factor important for beta-cell survival during oxidative stress is FoxO1. The 
aim of the present study was to analyse the impact of PKCdelta upon changes 
in FoxO1 activation and beta-cell survival during palmitate exposure.
Materials and methods: INS-1 cells were transfected with PKCdeltaWT or 
PKCdeltaKN using a retroviral infection system. Clones that highly over-ex-
press the transgene were selected. Cell growth was estimated by cell counting. 
DNA content of nuclei and the amount of fractionated DNA were assessed af-
ter propidium iodide staining (Nicoletti method) with fluorescence activated 
cell sorting (FACS). The expression and specific phosphorylation of proteins 
were quantified by Western blotting and their subcellular distribution fol-
lowed by immunocytochemistry.
Results: INS-1 cells that over-express PKCdeltaKN display a significant 
reduced growth rate compared to control and PKCdeltaWT over-express-
ing cells. Both populations of control INS-1 cells and cells over-expressing 
PKCdeltaWT consist of about 30 % of cells in G1/Go and 70 % of cells in 
G2. In contrast, the G1/Go DNA peak is missing in the population of cells 
over-expressing PKCdeltaKN. Almost all intact nuclei of these cells exhibit 
the double amount of DNA reflecting cell cycle arrest in G2. The PKCdel-
taKN over-expressing cells contain reduced amount of FoxO1 that displays 
increased phosphorylation at Ser256 a prerequisite for nuclear extrusion and 
degradation of FoxO1. PKCdeltaWT over-expressing cells contain increased 
amount of FoxO1 with significantly reduced phosphorylation at Ser256. 
Palmitate induces FoxO1 translocation to the nucleus in control and PKCdel-
taWT over-expressing cells while over-expression of PKCdeltaKN counter-
acts palmitate-induced nuclear accumulation of FoxO1.
Conclusion: The observation that over-expression of PKCdeltaKN reduces 
cell growth and induces cell cycle arrest at G2 suggests that PKCdelta is 
involved in the modulation of beta-cell growth. The changes in palmitate-
mediated and PKCdelta-dependent FoxO1 distribution disclose a signalling 
pathway important for free fatty acid-induced beta-cell dysfunction. This 
mechanism may explain at least in part adaptive changes in beta-cell mass 
during obesity.
Supported by: DFG grants UL140/7-1 and GRK 1302/1

385
Palmitate-induced dihydrosphingosine-1-phosphate production 
attenuates ceramide-dependent apoptosis of pancreatic beta cells
J. Veret1, E.V. Berdyshev2, A. Skobeleva2, V. Natarajan2, B. Portha1, H. Le 
Stunff1; 
1Unité BFA et CNRS, Laboratoire de Biologie et Pathologie du Pancréas 
Endocrine, Paris, France, 2Department of Medicine, Section of Pulmonary 
and Critical Care Medicine, Chicago, United States.

Background and aims: Type 2 diabetes (TD2) is characterised by beta-cell 
dysfunction, which correlates with increases in plasma lipids and beta-cell ap-
optosis. Different mechanisms for the detrimental effects of chronic exposure 
to long chain fatty acids, in particular palmitate, have been suggested, includ-
ing the de novo synthesis of ceramide, a bioactive sphingolipid. In mammals, 
ceramide species differ by the size and the degree of saturation of their carbon 
chain, suggesting that specific species might have different biological effects. To 
further our understanding of the role of sphingolipids in the control of palmi-
tate-induced beta-cell apoptosis, a mass spectrometry approach has been car-
ried out to generate a sphingolipidomic profile of palmitate-treated beta-cells.
Materials and methods: INS-1 cells were cultured with 0.4 mM palmitate, 
various concentrations of glucose in the presence or absence of either sphin-
gosine-1-phosphate (S1P) or N,N-dimethylsphingosine (DMS) for 24h. In 
some cases, INS-1 cells were transfected with sphingosine kinase 1 (SphK1). 
INS-1 cell viability was measured by MTT assay. INS-1 cell apoptosis was 
determined by chromatin condensation assessed by DAPI staining and cas-
pase 3/7 activity assay. SphK activity and ceramide levels were measured by 
in vitro kinase assay and in vitro DAG kinase assay, respectively. Sphingolipid 
metabolites were analyzed by mass spectrometry (LC-MS/MS).
Results: Treatment of INS-1 cells with palmitate in the presence of high 
glucose concentrations (HG) resulted in a 7-fold increase of caspase 3/7 ac-
tivity within 24 h, indicative of apoptosis. LC-MS/MS analysis showed that 
palmitate increased ceramide levels, especially N-C16:0 and N-C18:0 cera-
mides. Although HG did not induce apoptosis after 24h, it did upregulate 
the production of ceramides. The increase of ceramides induced by palmitate 
plus HG was associated with an increase in dihydrosphingosine (DHS) and 
dihydroceramide levels, suggesting an enhancement of the de novo sphingol-
ipid biosynthesis. Interestingly, palmitate plus HG stimulated DHS phospho-
rylation into dihydrosphingosine-1-phosphate (DHS1P). To determine the 
role of DHS1P in beta-cell lipotoxicity, we used DMS to inhibit the activity 
of SphK, the enzyme responsible for DHS1P production. We showed that 
DMS increased by 2-fold palmitate plus HG-induced caspase activity. Fur-
thermore, SphK1 over-expression in beta-cells drastically increased DHS1P 
levels, partially inhibited caspase activation and decreased palmitate-induced 
ceramide accumulation. Finally, we showed that addition of S1P, a DHS1P 
analog, inhibited beta-cell apoptosis induced by palmitate plus HG.
Conclusion: Together, these results indicate that lipotoxicity is associated 
with the increased generation of ceramides that correlates with beta-cell ap-
optosis. Interestingly, palmitate also induces de novo biosynthesis of another 
sphingolipid, DHS1P, which seems to attenuate beta cell apoptosis. There-
fore, up-regulation of DHS1P biosynthesis opens novel therapeutic strategy 
for preventing beta-cell apoptosis during TD2.
Supported by: the CNRS and the ANR, France

386
Accumulation and oxidation of fatty acids modulate beta cell apoptosis 
but not the UPR
E. Sargsyan, P. Bergsten; 
Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Elevated levels of lipids are detrimental for beta-cell 
function and mass. Promoting lipid accumulation or oxidation has been con-
nected with accentuation or attenuation of these effects on the β-cell, respec-
tively. Different mechanisms of palmitate-induced beta-cell apoptosis have 
been proposed, where development of the unfolded protein response (UPR) 
has been studied intensely during recent times. The aim of the present study 
was to investigate if enhanced and reduced beta-cell apoptosis, observed in 
response to altered metabolism of lipids, involves modulation of the UPR. 
To address this issue beta-cells were exposed to AMPK-agonist AICAR or 
CPT1-inhibitior etomoxir.
Materials and methods: Insulin-secreting INS-1E cells were cultured for 3 or 
24 hours in the presence of 0.5 mM palmitate complexed with 0.5% BSA and 
1 mM AICAR or 0.2 mM etomoxir. Apoptosis was determined (cytoplasmic 
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oligonucleosomes and protein content) after 24 hours culture, whereas UPR 
markers phosphorylated (p) PERK, p-eIF2α, CHOP and BiP were measured 
(western blotting) in cells cultured for 3 and 24 hours.
Results: Apoptosis was induced 4-fold in cells cultured in the presence of 
palmitate compared to control. Presence of AICAR reduced apoptosis by 
40%, whereas etomoxir accentuated apoptosis resulting in 15-fold induction 
in comparison to control. Protein content was reduced by 30% in the pres-
ence of palmitate. In the presence of AICAR the reduction was only 15%, 
whereas etomoxir reduced protein content by 50%. When UPR markers were 
examined, strong induction of PERK and eIF2α phosphorylation as well in-
creased levels of BiP and CHOP were observed in the presence of palmitate. 
Expression levels of UPR markers were neither affected by AICAR nor eto-
moxir, however.
Conclusion: Development of the UPR is not dependent on the oxidation or 
accumulation of lipids in palmitate-exposed cells, which is in contrast to ap-
optosis.
Supported by: Swedish Medical Research Council, Swedish Diabetes Association 
and Uppsala University
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Serine/threonine protein phosphatase 5 is involved in the regulation of 
fatty acid-induced beta cell apoptosis
N. Grankvist, R.E. Honkanen, H. Ortsäter, Å. Sjöholm; 
Department of Clinical Science and Education, Södersjukhuset, Karolinska 
Institutet, Stockholm, Sweden.

Background and aims: In type 2 diabetes, where pancreatic β-cells are ex-
posed to elevated glucose concentrations, a reduced β-cell mass is seen. Since 
type 2 diabetes is often linked to obesity, the β-cells are in conjunction with 
elevated glucose levels often also exposed to a hyperlipidemic environment, 
producing so-called glucolipotoxicity. Elevated levels of glucose and fatty ac-
ids are associated with increased production of reactive oxygen species that 
can cause cellular damage and initiate apoptosis. An important positive regu-
lator of apoptosis is the mitogen-activated protein kinase (MAPK) signaling 
pathway. One mammalian MAPK is c-Jun N-terminal kinase (JNK), which 
can be activated by an apoptosis signal-regulating kinase. Serine/threonine 
protein phosphatase 5 (PP5) is a single polypeptide chain that are present 
both in the cytosol and the nucleus. It has been suggested that PP5 can act 
as a negative regulator of ASK1/JNK signalling. The aim of this study was to 
investigate the role of PP5 in the regulation of apoptosis signaling in MIN6 
cells exposed to the fatty acid, palmitate.
Materials and methods: Clonal pancreatic MIN6 cells with reduced levels of 
PP5 were exposed to 0.5 mM palmitate together with 0.5 % BSA for 24 hours, 
or to 0.5 mM hydrogen peroxide for 15 min. Apoptosis induction was assessed 
by measuring the levels of cytoplasmic DNA-histone complexes. We also de-
termined the protein phosphorylation levels of JNK, c-Jun, p38 and PP5 pro-
tein levels by western blotting. In order to reduce the PP5 expression level, 
MIN6 cells were treated with siRNA directed against PP5. We also analysed 
PP5 mRNA levels by quantitative PCR. Data is presented as mean±SEM.
Results: MIN6 cells treated with 0.5 mM palmitate for 24 hours showed a 
5.8 ±0.2 fold induction of apoptosis compared to untreated cells. We next 
investigated the ability of palmitate to activate MAPK signalling by determin-
ing phosphorylation levels. This showed that both phosphorylated JNK levels 
increased by 135±19 % and the total c-Jun levels with 185±38 %, while the 
phosphorylation levels of p38 were not affected, compared to control after 
24 hours of palmitate exposure. PP5 mRNA and protein levels were reduced 
by 60-70 %, 48 hours after siRNA treatment. The ability of palmitate to in-
duce apoptosis was increased by 9.3±6.5 % in cells with reduced levels of 
PP5, compared to the control cells without reduced PP5 levels. MIN6 cells 
with reduced PP5 levels that were exposed to 0.5 mM hydrogen peroxide 
for 15 min, showed 78±25 % increased phosphorylation levels of JNK and 
phosphorylated c-Jun followed the same pattern, compared to the control 
cells without reduced levels of PP5.
Conclusion: The data presented here suggests that PP5 exerts an important 
role in the regulation of the apoptosis signalling cascade, since MIN6 cells 
treated with siRNA against PP5 showed increased levels of apoptosis after ex-
posure to palmitate as compared to control cells. This effect, together with the 
finding that palmitate activates both JNK and c-Jun, suggest that enhance-
ment of PP5 expression might be harnessed to advantage to reduce cellular 
damage induced by lipotoxicity and may prove valuable in efforts aimed at 
conferring β-cell protection against diabetic lipoapoptosis.
Supported by: Olle Engkvist Byggmästare Foundation and Swedish Society for 
Medical Research

388
Comparative analysis of db and ob gene-related pancreatic beta cell 
function; evidence for a compensatory mechanism of cell protection in 
ob/ob mice
Y. Kanda, S. Hamamoto, M. Shimoda, K. Tawaramoto, M. Hashiramoto,  
K. Kaku; 
Diabetes and Endocrine Division, Kawasaki Medical School, Kurashiki, 
Japan.

Background and aims: The db gene homozygous db/db mice develop dia-
betes with a marked obesity, severe insulin resistance, and limited capacity 
of insulin secretion. The ob gene homozygous ob/ob mice with a similar ge-
netic background to db/db also develop severe obesity due to overeating, but 
hyperglycemia is not significant because of a compensatory hypersecretion 
of insulin. The molecular mechanism to explain a different phenotype for β 
cell function between 2 strains of mice has not clarified yet. In this study, we 
extensively analysed the β cell function and gene expression profile of pancre-
atic islets in db/db, ob/ob, and lean littermates m/m mice.
Materials and methods: Body weight (BW), fasted blood glucose (FBG), 
fasted insulin (FIRI), TG and FFA were measured at 8 and 12 weeks of age. 
The β cell mass and cell proliferation/apoptosis were assessed by histologi-
cal analysis including PCNA and 4-HNE immunostaining of the islet tissue. 
Gene expressions specific for the core area of pancreatic islet were analyzed 
by Laser Capture Microdissection method and real time RT-PCR. Primer 
pairs encoding genes associated with pancreatic hormones, cell proliferation, 
apoptosis, cell cycle, and oxidative stress were prepared, and real-time RT-
PCR with Sybr Green was applied.
Results: BW in db/db mice was significantly lower than those in ob/ob mice, 
but was significantly greater than in m/m mice. FBG in db/db mice was signif-
icantly greater than ob/ob and m/m mice (287.4±43.2, 93.1±3.5, 78.3±9.5 mg/
dl at 12 weeks of age, p<0.05, respectively). FIRI in db/db and ob/ob mice were 
significantly higher than that in m/m mice, but no difference was observed 
between db/db and ob/ob mice. On the other hand, fed blood glucose (fBG) 
was significantly lower in ob/ob with significantly higher fIRI compared with 
db/db mice (fBG: 276.5±25.3, 470.4±40.3, p<0.05, fIRI: 31.3±3.9, 12.7±6.4, 
p<0.05). TG and FFA levels in db/db mice were significantly higher than 
those in ob/ob mice. The β cell mass was significantly larger in ob/ob than 
db/db or m/m mice, and the β cell ratio in db/db mice was reduced when com-
pared to the other groups of mice at 12 weeks of age (cell mass: 3.48±0.59 in 
ob/ob, 2.30±0.42 in db/db, 0.62±0.10 mg in m/m, and β cell ratio: 87.2±0.26, 
74.9±1.52, 80.5±2.8%, respectively). The β cell gene expression for insulinII 
were significantly increased in db/db and ob/ob mice. ERK1 gene related with 
cell proliferation was significantly up-regulated at 8 weeks of age both in db/
db and ob/ob compared with m/m mice. At 12 weeks this gene expression was 
significantly down-regulated in db/db mice, whereas further up-regulated in 
ob/ob mice. The expression of CAD gene related with apoptosis promotion 
was already increased at 8 weeks and further accelerated at 12 weeks in db/db, 
but not in ob/ob mice. The gene expression of pdx-1 related with cell differ-
entiation and SOD2 related with anti-oxidative stress was much less in db/db 
than in m/m mice at 12 weeks. In contrast, these genes were significantly 
up-regulated in ob/ob compared with m/m mice. Morphometric results for 
PCNA and 4-HNE corresponded with the data of gene expression analysis.
Conclusion: Our results strongly suggest that the ob gene, but not db gene, 
homozygote acquires a compensatory mechanism of β cell protection, result-
ing in suppression of cell apoptosis, and promotion of cell differentiation and 
proliferation probably through anti-oxidative stress mechanism.

389
OxLDL toxicity towards insulin secreting cells is mainly exerted 
extracellularly
A. Björklund1, T. Wallin1, D.F.J. Ketelhuth2, C.B. Wollheim3, V. Grill1,4; 
1Department of Molecular Medicine and Surgery, Karolinska Institutet, 
Stockholm, Sweden, 2Department of Medicine, Karolinska Institutet, 
Stockholm, Sweden, 3Department of Cell Physiology and Metabolism, 
University Medical Center, Geneva, Switzerland, 4Department of Cancer 
Research and Molecular Medicine, Norwegian University of Science and 
Technology, Trondheim, Norway.

Background and aims: CD36 is known in many types of cells to scavenge oxi-
dized LDL (oxLDL) and possibly native LDL (nLDL), thus increasing lipopro-
tein uptake. However, scavenging of oxLDL and/or nLDL has not been demon-
strated in beta cells, nor whether putative scavenging affects beta cell functions.
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Materials and methods: We evaluated by FACS the uptake of FITC-labeled 
oxLDL or nLDL, during 6h in a tet-on insulin secreting cell line (INS-1) over-
expressing CD36. We quantified insulin secretion and content by RIA after 
48 h of co-culture with oxLDL or nLDL. Viability of cells was evaluated by 
MTT assay.
Results: CD36 over-expression increased uptake of oxLDL 2.2±0.3 fold, 
p<0.01, n = 4, whereas over-expression did not affect uptake of nLDL, n = 4. 
Uptake was independent of ambient glucose concentrations (2.5, 10 or 21.5 
mM). In acute experiments neither lipoproteins nor CD36 over-expression 
affected insulin secretion tested at 2.5 and 21.5 mmol/l glucose. In long-term 
experiments over-expression decreased glucose induced insulin secretion 
from 11.3±2 to 8.5±1 (% released of cellular insulin contents, p = 0.06, n=4) 
when cells were cultured with 20 µg/ml oxLDL for 48h. The corresponding 
decrease after culture with nLDL was from 7.8 ±1 to 6.3±1 %, p=0.063, n=4. 
Exposure to oxLDL (20 µg/ml) for 48h decreased insulin content similarly 
in control cells (-29 ± 7 %) and in CD36 over-expressing cells (-29 ± 6 %), 
p<0.02 for the oxLDL effect. An eqvimolar concentration of nLDL did not 
exert any significant effect (-2 ± 5% for control cells and -3±4% for CD36 
over-expressing cells. Viability after 48h incubation with oxLDL were for 
control cells 101 ± 9 % with 20, 64 ±14 with 50 and 4±1 % with 100 µg/ml 
of oxLDL (expressed as % of no addition). Corresponding effects in CD36 
over-expressing cells were 91±6, 64±12 and 3±1 %, n=3. Hence, CD36 over-
expression did not potentiate the negative effect of oxLDL.
Conclusion: Over-expression of CD36 leads to a preferential uptake of ox-
LDL which is independent of ambient glucose concentration. The increased 
uptake is not associated with aggravation of the inhibitory effects of oxLDL 
on insulin content and viability. These findings indicate that oxLDL toxicity 
towards insulin secreting cells is mainly exerted extracellularly.
Supported by: Swedish Medical Res Council, Swedish Soc of Med, Swiss Na-
tional Foundation
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Deterioration of islets structure and function in Zucker diabetic fatty 
(ZDF) rats during disease progression is prevented by pioglitazone but 
not by metformin
S. Uhles1, A. Bénardeau1, S. Sewing1, M. Brecheisen1, O. Ivanova1, H. Wang1, 
E. Sebokova1, C.B. Wollheim2, C. Migliorini1; 
1PRDM412, F-Hoffmann-La Roche, AG, Basel, 2Department of Cell 
Physiology and Metabolism, University of Geneva, Switzerland.

Background and aims: The ZDF rat is a well accepted model to demonstrate 
the efficacy of anti-diabetic drugs, however the data evaluating the effect on 
disease progression and β-cell protection are rather limited. Our previous 
study in male ZDF rats looking at the age-dependent changes has shown that 
deterioration of islet structure and function precedes alterations of the meta-
bolic profile. The aim of this study was to characterize the effect of the com-
monly used anti-diabetic drugs Metformin (MET) and Pioglitazone (PIO) on 
disease progression and prevention of β-cell failure.
Materials and methods: Measurement of metabolic parameters under basal 
and glucose challenge (oGTT at 2g/kg) together with quantitative analysis of 
islet morphology and in situ pancreas perfusion were performed after 4 weeks 
of treatment with MET (300 mg/kg p.o.) or PIO (10 mg/kg) in 6-week old 
male (ZDF-6w) rats and compared to age-matched Vehicle (V) or ZDF-6w 
rats. Pancreata were stained for insulin, glucagon and dapi.
Results: Treatment of ZDF rats with PIO and MET for 3 weeks led to a similar 
improvement of glucose levels during an oGTT (AUC glu-2h PIO: 1460 , MET: 
1393 and V:1736) while only PIO significantly prevented hyperinsulinemia 
(AUCins-2h PIO: 500, p<0.001, MET: 950, n.s. vs. V: 980 ng/mL*min). These 
changes were accompanied by a significant increase in insulin sensitivity 
(Matsuda Index: PIO: 400, p<0.01, MET: 200, n.s. vs. V: 130). In addition, 
PIO significantly decreased fasting blood glucose levels (PIO: 5.1, p<0.001, 
MET: 5.9, n.s. and V: 7.4 mM), fasting TG (PIO: 2.4, p<0.05, MET: 8.3, p<0.01 
vs. V: 4.5 mM) and postprandial response of TG during oGTT (AUCtg-2h PIO: 
210, p<0.01, MET: 800, p<0.01 vs. V: 500 mM*min). Quantitative immuno-
histochemistry analysis showed that MET was not able to prevent either islet 
area expansion (+70%, p<0.0001, V: +96%, p<0.0001) and/or loss of insu-
lin staining intensity (-25%, p<0.0001, V: -38%, p<0.0001) when compared 
with ZDF-6w. PIO, on the contrary, prevented loss of insulin staining inten-
sity (PIO: -0.5%, n.s.) without changing the islet area when compared with 
ZDF-6w (PIO: +22%, n.s.). These results were further supported by the total 
pancreatic insulin content, which was preserved with PIO (+9%, n.s.), but 
markedly reduced with MET (-37%, p<0.01, V: -40%, p<0.01), compared to 
ZDF-6w. PIO prevented α-cell invasion into the islet core better than MET 

(PIO: +109%, MET: +282% and V: +429%, all p<0.001) compared to ZDF-6w. 
In situ pancreas perfusion showed that PIO significantly reduced basal insu-
lin secretion when compared to V and MET (-84% and -59%, respectively). 
While the profiles of phase I and II of insulin secretion were similar in both 
treatment groups, PIO attenuated the off-response to a greater extent than 
MET (AUCoff-response PIO: -20%, MET: 15%).
Conclusion: Our data have clearly show that MET and PIO have different ef-
fects on disease progression and β-cell failure in the ZDF rat model. In partic-
ular, 4-week treatment with MET led to an improvement of glucose tolerance 
and insulin sensitivity but failed to protect the islets from the deterioration of 
their structure and function. On the contrary, PIO treatment protected the β-
cell from exhaustion occurring during disease progression, which translated 
into a better metabolic profile and organ function.
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Predicted targets of co-expressed microRNAs in pancreatic islets of GK 
rats are enriched for genes involved in regulation of beta cell mass and 
glucose-stimulated insulin secretion
J.L.S. Esguerra, C. Bolmeson, C.M. Cilio, L. Eliasson; 
Clinical Sciences-Malmö, Lund University, Sweden.

Background and aims: The Goto-Kakizaki (GK) rat is a well-characterized 
animal model of non-obese spontaneous type 2 diabetes (T2D) with reduction 
in beta cell mass and impaired glucose-stimulated insulin secretion as main 
associated phenotypes. While mRNA expression and functional analyses of 
gene products implicated in the GK rat disease progression are abundant, the 
contribution of microRNAs (miRNAs) in eliciting the GK phenotype has not 
been fully explored. Previous studies with cultured insulin-secreting cell lines 
identified specific miRNAs important for proper beta cell function. We aimed 
to investigate whether these miRNAs are differentially-expressed in the pan-
creatic islets of the GK rat. Moreover we aimed to detect other miRNAs that 
could be involved in the development of the disease phenotype and identify 
their potential targets via bioinformatic approaches.
Materials and methods: We utilized LNA (locked nucleic acid)-based ar-
rays to profile the miRNA expression levels in the pancreatic islets of GK rat 
vs. control Wistar rat (N=5 per group, 60 days old, females). Co-expressing 
miRNAs were then used as input to the meta mir-target inference (MAMI) 
web application combining the results of five miRNA target prediction tools 
(miRanda, PicTar, TargetScanS, microT and miRTarget). Gene enrichment 
analysis was performed to identify Gene Ontology (GO) categories associ-
ated with collective targets of co-expressed miRNAs (Fisher Exact p-value 
<0.005).
Results: We identified two distinct clusters consisting of 46 up-regulated 
and 32 down-regulated miRNAs in the GK rat using Significant Analysis of 
Microarrays (SAM). Enrichment for GO categories of the combined 2073 
predicted targets of nine most upregulated miRNAs in GK rat yielded func-
tional annotation clusters highly representative of genes in developmental 
process, cell differentiation, regulation of apoptosis among other GO terms 
potentially involved in the maintenance of beta cell mass. Interestingly, we 
found in the cell differentiation category the gene myotrophin, previously 
shown to be targeted by miR-375. Significant enrichment was also found for 
the GO category: vesicle-mediated transport, which include genes with cen-
tral roles in glucose-stimulated insulin secretion such as RAB27A, RAB3A 
and granuphilin. We found in our arrays one of the most upregulated miR-
NAs in GK rat as being mir-124, known to regulate the expression of Rab27A 
and Rab3A. In addition we also observed increased expression of previously 
known negative regulators of insulin secretion such as mir-9 and mir-375 in 
GK rats relative to controls.
Conclusion: The predicted collective targets of co-expressed microRNAs 
upregulated in the GK rat were significantly enriched for genes involved in 
the maintenance of pancreatic beta cell mass and glucose-stimulated insu-
lin secretion. The relatively higher expression of mir-9, mir-375 and mir-124 
we observed indicates negative regulatory effects of these miRNAs in insulin 
secretion in the GK rat pancreatic islets, similar to previous reports in cul-
tured insulin-secreting cell lines. Our bioinformatic analysis yielded testable 
hypotheses to support the notion that the GK diabetic phenotype could be 
caused by impaired miRNA regulation of targets involved in the maintenance 
of beta cell mass and insulin secretion.
Supported by: Swedish Research Council, Lund University Diabetes Centre, 
Novo Nordisk Foundation
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Increased VEGF expression in beta cells leads to islet inflammation and 
diabetes
J. Agudo1,2, E. Ayuso1,2, A. Salavert1,2, V. Jimenez1,2, S. Tafuro1,2, A. Casellas1,2, 
M. Obach1,2, A. Ruzo1,2, X.M. Anguela1,2, J. Ruberte1,2, F. Bosch1,2; 
1CBATEG, University Autonoma of Barcelona, Bellaterra 2CIBER de 
Diabetes y Enfermedades Metabolicas Asocidas (CIBERDEM), Barcelona, 
Spain.

Background and aims: Islets of Langerhans are abundantly vascularised and 
this vascularization is key to islet function. It regulates insulin access to sys-
temic circulation, and the arrival of nutrients and secretagogs to endocrine 
cells. Furthermore, it has been recently described that islet endothelial cells 

directly regulate ß-cell proliferation and insulin gene expression. VEGF (Vas-
cular Endothelial Growth Factor) is considered the main pro-angiogeneic 
factor and it can induce islet vessel formation and mantainance. Thus, VEGF 
may play an important role in controling insulin secretion and ß-cell mass.
Materials and methods: The effect of VEGF in islet vascularization and en-
docrine pancreas function was examined in transgenic mice overexpressing 
VEGF specifically in ß-cells and in animals treated with adeno-associated 
viral vectors carrying a RIP/VEGF gene (AAV/VEGF).
Results: Transgenic mice showed disorganised islets with increased vasculari-
zation. However, ß-cell mass, blood glucose levels, insulinemia and insulin se-
cretion in vivo was not different between two-month-old transgenic mice and 
controls. Nevertheless, transgenic mice developed glucose intolerance overt 
diabetes with age. Moreover, these animals showed endocrine pancreas inflam-
mation, with abundant macrophage infiltration and high levels of cytokine ex-
pression. To confirm these results and to avoid undesirable effects of the expres-
sion of the transgenic during embryonic development we used AAV vectors 
to transduce the islets of healthy adult mice. The AAV-mediated expression of 
VEGF in ß-cells in vivo also led to islet inflammation and glucose intolerance, 
suggesting a detrimental role of VEGF in pancreatic islet function.
Conclusion: Long-term VEGF overexpression in ß-cells may induce endo-
crine pancreas inflammation leading to islet dysfunction and diabetes.
Supported by: SAF2005-02381, SAF 2008-00962 and CIBERDEM, Spain
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IGF-II expression in beta cells induces susceptibility to develop diabetes
A. Casellas1,2, A. Salavert1,2, J. Agudo1,2, M. Obach1,2, V. Jimenez1,2,  
E. Ayuso1,2, F. Bosch1,2; 
1Center of Animal Biotechnology and Gene Therapy (CBATEG) and Dept 
Biochemestry, Universitat Autonoma De Barcelona, Bellaterra, 2CIBER of 
Diabetes and Associated Metabolic Disease (CIBERDEM), Barcelona, Spain.

Background and aims: Both type 1 and type 2 diabetes are characterized by 
a deficit in ß-cell mass and increased ß-cell apoptosis. Replacing missing in-
sulin-producing ß-cells to treat diabetes is a major challenge for regenerative 
medicine. A better understanding of the mechanisms involved in both ß-cell 
death and ß-cell regeneration in adult life is needed to develop means to in-
crease ß-cell mass and revert diabetes. IGF-II induces ß-cell proliferation and 
differentiation in vitro and is involved in the regulation of islet growth and 
differentiation. We have shown that expression of IGF-II in ß-cells of trans-
genic mice (RIP-I/IGF-II) leads to increased ß-cell mass, hyperinsulinemia 
and altered glucose and insulin tolerance tests. Furthermore, polymorphic 
variants in locus IDDM2, which contains insulin and the growth factor IGF-
II genes, have been described to be associated with type 1 diabetes risk. In 
addition, associations have been reported between IGF2BP2 (which encodes 
and IGF-II mRNA binding protein) and type 2 diabetes. These findings sug-
gest a key role of IGF-II in diabetes susceptibility.
Materials and methods: IFN-ß/IGF-II double transgenic were obtained and 
phenotyped. Treatment with streptozotocin was performed in IGF-II trans-
genic mice. Expression profile analysis in islets from IGF-II transgenic mice 
was performed using GeneChip™ Affimetrix™ Technology.
Results: To determine whether IGF-II overexpression in ß cells could predis-
pose transgenic mice to develop overt diabetes, we tested the susceptibility of 
RIP/IGF-II mice in front of several stimuli. Transgenic and control mice were 
treated with very low doses of streptozotocin (STZ) and after this treatment 
only transgenic mice became diabetic, indicating that IGF-II overexpression 
in ß cell increased sensitivity to STZ damage. Furthermore, IGF-II transgenic 
mice were crossed with RIP/IFN-ß transgenic mice, which show an important 
infiltration in their islets, mimicking an autoimmune process, a common fea-
ture in the diabetic pathology. We obtained IFN-ß/IGF-II double transgenic 
mice, which spontaneously developed diabetes during the first two months of 
age. All these findings suggest that an increase of IGF-II in ß cell may be key in 
the initiation of the diabetic process. Data from gene expression profile in is-
lets from RIP/IGF-II showed a reduction in Glut2 and insulin gene expression 
in ß cells, probably due to a reduction in the transcription factors that regulate 
their expression, such as Pdx1 and HNF3ß. Transgenic islets also showed hy-
perexpression of molecules involved in the immune response, such as MHC 
class I and II, although no lymphocyte infiltration was observed. In addition, 
transgenic islets presented alteration of expression of genes involved in β-cell 
endoplasmic reticulum (ER) stress, characteristic of diabetic process.
Conclusion: These results indicate that local expression of IGF-II in ß-cells 
may increase susceptibility to develop diabetes by inducing metabolic and 
molecular alterations.
Supported by: SAF2005-02381, SAF 2008-00962 and CIBERDEM, Spain
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Diet-induced gene expression of isolated pancreatic islets from a 
polygenic mouse model for the metabolic syndrome
T. Dreja1, Z. Jovanovic2, A. Rasche3, R. Kluge1, R. Herwig3, H.-G. Joost1,  
G.S. Yeo2, H. Al-Hasani1; 
1Department of Pharmacology, German Institute of Human Nutrition 
Potsdam-Rehbruecke, Nuthetal, Germany, 2Institute of Metabolic Science, 
University of Cambridge, United Kingdom, 3Department of Vertebrate 
Genomics, Max Planck Institute for Molecular Genetics, Berlin, Germany.

Background and aims: NZL mice are related with the New Zealand Obese 
(NZO) strain and develop juvenile-onset obesity and maturity-onset hyper-
glycemia. Exposure of these mice to a high-fat diet (HFD) results in rapid 
destruction of the pancreatic beta cells leading to frank diabetes. A carbo-
hydrate free HF diet (CHFD), which still leads to the development of severe 
obesity and severe insulin resistance, prevents this destruction of beta cells. 
In order to investigate the contribution of dietary carbohydrates to pancreatic 
beta cell failure, we isolated pancreatic islets with laser capture microdissec-
tion and performed genome-wide expression analyses.
Materials and methods: Cryosections of pancreata from 8 week old, CHFD 
and HFD fed NZL-mice were briefly stained with Cresyl-Violet. Islet cells 
were isolated with laser capture microdissection (LCM). The RNA was pu-
rified and labelled cRNA was generated without an amplification step. The 
cRNAs were hybridised to Affymetrix Mouse 430 2.0 GeneChips. Differential 
expression of selected genes was validated by TaqMan-Realtime-PCR.
Results: By comparison of gene expression levels from isolated islets and total 
pancreas, we identified 230 transcripts that were highly enriched (>10-fold) in 
islets cells, many of those genes have an unknown function. In the early, pre-dia-
betic state of the animals, 786 islet transcripts were differentially regulated (>2-
fold) between the two diets. Pathway analysis identified oxidative phosphoryla-
tion (OXPHOS) as the predominant gene set that was significantly up-regulated 
in response to the diabetogenic HFD. Moreover, HFD induces early changes in 
gene expression associated with increased cell cycle progression, proliferation, 
and differentiation of islet cells such as Cdkn1b,Tmem27, and Pax6. Regulators of 
the cellular redox state such as Cat, Gpx1, Prdx4 and Txnip were also substantially 
increased in HFD islet, indicating that glucose-induced oxidative stress is relevant 
for disease progression. Furthermore, we identified 24 novel human candidate 
genes (e.g. DACH1, CACNA1D, CHD2, CLIP2, IGFBP2) for type 2 diabetes by 
correlating disease progression-associated genes in mouse islets with data from 
two publicly available genome-wide scans (DGI, WTCCC) for diabetes.
Conclusion: Our data clearly demonstrate the critical role of dietary car-
bohydrates in the pathophysiology of high fat-diet induced diabetes. LCM 
allows isolation of authentic pancreatic islet cells from their native tissue 
environment for genome-wide expression profiling. In islets, the diabetes-
protective effect of a carbohydrate-free high-fat diet correlates with a reduced 
expression of genes for OXPHOS and antioxidants, implicating a major con-
tribution of reactive oxygen species to diet-induced beta-cell failure.
Supported by: European Union: EUGENE2, LSHM-CT-2004-512013; SysProt, 
LSHG-CT-2006-37457
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Attenuation of Ca2+ microdomains and diet-induced diabetes in mice
S.C. Collins, M.B. Hoppa, J. Fearnside, Q. Zhang, S. Amisten, J.N. Walker, 
D. Gauguier, P. Rorsman; 
Oxford University, United Kingdom.

Background and aims: Diet-induced diabetes in C57/Bl6 mice shows strik-
ing similarity to the evolution of diabetes in humans. The compensatory 
mechanisms put in place by the β- cell to overcome the increased demand 
in insulin are initially effective. However, by 15 weeks on high fat diet, β- cell 
function worsens together with glucose tolerance. Our aim was to pinpoint 
the cellular mechanisms leading to impaired glucose induced insulin secre-
tion in the long run.
Materials and methods: Insulin release mesurements were combined with 
capacitance measurements and optical imaging of secretion by Total Internal 
Reflection Microscopy (TIRF) microscopy. Cytoplasmic [Ca2+]i was meas-
ured by microfluorimetry. Intracellular ATP levels were determined by the 
luciferin/luciferase method. Membrane currents and potentials were record-
ed by the patch-clamp method. All results are based on at least 6 separate 
measurements from at least 3 different mice in each group.
Results: β-cell metabolism, electrical activity and [Ca2+]i were unaltered by 
high fat feeding. Instead, a rapid component of exocytosis during capacitance 

measurements was decreased by up to 50%. This inhibition was confined to 
the first 500 ms of depolarization. These experiments were corroborated by 
TIRF microscopy which showed a strong inhibition of rapid (during first 300 
ms) in the high fat diet (HFD) group of recombinant mIAPP-Cherry release. 
Using the perfused pancreas preparation, we demonstrated that this effect 
correlated with strong (>50%) inhibition of both 1st and 2nd phase insulin 
secretion. The inhibitory effect of the HFD was particularly strong for glu-
cose-induced insulin secretion and the effect was less pronounced for insulin 
release evoked by high extracellular K+. Thus, increasing the influx of calcium 
rescues insulin secretion. We consequently tested whether Ca2+ microdo-
mains at the plasma membrane were affected. Evanescent-field illumination 
of voltage-clamped cells infused with EGTA (10 mM) and Calcium Green 6F 
(10 μM) stimulated by a single 50-ms depolarization from -70 mV to 0 mV 
showed that HFD results in a significant decrease in the clustering of calcium 
signal within microdomains. All differences stated are significant at the 0.05 
level (at least).
Conclusion: Our results implicate that a reduction in Ca2+ microdomains 
within β-cells plays a part in the aetiology of diet induced type 2 diabetes.
Supported by: the Wellcome Trust, the European Union (Eurodia) and Diabetes 
UK
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Administration of a synthetic peptide demonstrating intrinsic kinase 
inhibitory properties increases residual pancreatic beta cell mass and 
improves glycaemic control in db/db mice
C. Gelber1, J.R. Simms2; 
1Chief Scientific and Technology Officer, ATCC, Manassas, 2Translational 
Research Group, ATCC, Manassas, United States.

Background and aims: Using proteomic analyses, we have previously identi-
fied a novel serum biomarker from the resistant strain of the Cohen diabetic 
rat model. Although the natural biological function of this marker (termed 
D3 peptide) is unknown, our studies indicate that it functions as a potent 
kinase inhibitor in vitro. In the present studies we assessed the efficacy of syn-
thetic D3 peptide as a potential biotherapeutic using leptin receptor-deficient 
db/db mice as a model for type 2 diabetes.
Materials and methods: Seven week old db/db mice were purchased from 
the Jackson Laboratory (Bar Harbor, ME). Animals were administered 1 mg 
of D3 peptide in PBS, or PBS alone via the i.p. route twice weekly for 28 
days. For a further 7 days, dosing frequency was increased to once every 48 
hours. Body weights and non-fasting blood glucose levels were determined 
on a weekly basis. Plasma levels of glucose, insulin, IL-6, resistin, adiponectin 
and lipid profiling were performed on day 28. Following termination of the 
study, histological examination was conducted on hepatic, pancreatic, and 
adipose tissues.
Results: Treatment of db/db mice with D3 peptide reduced non-fasting blood 
glucose levels compared to control animals for the duration of the study. On 
day 28, despite observing only a slight increase in plasma insulin levels in 
the peptide treated group (p>0.05), fructosamine levels were significantly re-
duced compared to untreated controls (p<0.01). No significant differences in 
plasma lipid profiles or additional disease indicators were noted at this time. 
By day 35, mean blood glucose levels were reduced by approximately 30 % in 
peptide treated animals (p<0.005). Although the mass of both hepatic and 
pancreatic mass was increased in animals receiving D3 peptide, histologi-
cal analysis revealed no significant differences between the treatment groups 
for insulitis, islet inflammation, acinar inflammation, islet hyperplasia, liver 
degeneration or liver inflammation. However, inflammation scores in both 
mesenteric and gonadal adipose tissues were approximately double in D3 
peptide treated animals (p<0.001 in both instances). Interestingly, a marked 
increase in residual pancreatic beta cell mass was observed in peptide treated 
animals compared to PBS controls (3.80 ± 0.4 mg vs. 1.45 ± 0.2 mg respec-
tively, p<0.0001).
Conclusion: The present study demonstrates that D3 peptide is efficacious 
at significantly reducing blood glucose and fructosamine levels in the db/db 
model of type 2 diabetes. Based on the current data set, we hypothesize that 
the peptide mediates its effect by regulation of kinase-dependent pathways 
causing a reduction in beta cell death, or the induction of beta cell prolif-
eration leading to the observed increase in residual beta cell mass. However, 
as peptide treatment failed to cause a significant increase in plasma insulin 
levels, the peptide may also be contributing to improved glycemic control by 
upregulating systemic glucose uptake, or improving insulin sensitivity. Addi-
tional studies are planned to further explore the efficacy of D3 peptide using 
additional diabetic animal models, and to define its mechanism of action.
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Exposure of human islets to palmitate mimics the mild inflammatory 
response observed in islets from type 2 diabetic individuals
M. Igoillo-Esteve1, L. Marselli2, D.A. Cunha1, L. Ladrière1, F. Ortis1,  
G. Weir3, P. Marchetti2, D.L. Eizirik1, M. Cnop1; 
1Laboratory of Experimental Medicine, Université Libre de Bruxelles, 
Belgium, 2Department of Endocrinology and Metabolism, University of 
Pisa, Italy, 3Joslin Diabetes Center, Harvard Medical school, Boston, United 
States.

Background and aims: Gluco- and lipotoxicity may contribute to β-cell dysfunc-
tion and apoptosis in type 2 diabetes (T2D). It has been proposed that increased 
circulating levels of IL-1β, TNF-α and IL-6 are independent risk factors for T2D, 
but the role of inflammation in the pathogenesis of T2D is controversial. Our 
aim was to analyze the expression of chemokines and cytokines in human islets 
from T2D patients and to evaluate in vitro the potential contribution of free fatty 
acids (FFAs) and high glucose to the putative inflammatory process.
Materials and methods: Chemokine and cytokine expression was studied 
by microarray analysis of laser capture microdissected β-cells from 10 non-
diabetic and 10 T2D pancreata. Human islets were exposed to the FFAs oleate 
or palmitate (0.5 mM, 1%BSA) for 24 and 48h at 6 or 28 mM glucose. Chem-
okine and cytokine mRNA expression was measured by real time RT-PCR 
(n=6-9) and IL-6 and Gro-α protein secretion by ELISA (n=4-6). IL-1-recep-
tor antagonist (IL-1ra) was used to block the IL-1R.
Results: The microarray analysis of human β-cells showed increased expres-
sion of several chemokines and cytokines in T2D compared to non-diabetic 
controls including: IL-8 (2.2-fold induction vs control, p=0.015), MCP-1 
(3.7-fold, p=0.015), eotaxin (4.4-fold, p=0.063), MCP-4 (3.4-fold, p=0.001), 
Gro-α (3.4-fold, p=0.09), IL-6 (2.3-fold, p=0.48), IL-1β (1.9-fold, p=0.11). 
Exposure of human islets to palmitate, but not to oleate or high glucose, in-
duced mRNA expression of IL-8 (5.0±1.0-fold vs control after 24h, p<0.001; 
7.4±1.8-fold after 48h, p<0.001), MCP-1 (2.1±0.4 after 48h, p<0.001), Gro-α 
(7.6±2.9 after 24h, p<0.05; 7.1±2.4 after 48h, p<0.001), IL-6 (4.7±0.8 after 
24h, p<0.001; 6.5±0.9 after 48h, p<0.001), IL-1β (2.0±0.3 after 24h, p<0.01; 
2.8±0.6 after 48h, p<0.05) and ΤΝF-α (2.4±0.5 after 24h, p<0.01; 3.1±0.7 after 
48h, p<0.01). mRNA induction by palmitate was similar at 6 and 28 mM 
glucose and was paralleled by protein secretion to the culture medium: IL-6 
(2.0±0.3-fold vs control after 24h, p<0.05), Gro-α (2.7±1 after 48h, p<0.05). 
Multiple regression analysis of chemokine and cytokine mRNA expression 
suggested that IL-1β and TNF-α might regulate chemokine and cytokine 
expression. IL-1ra abolished palmitate-induced cytokine and chemokine ex-
pression at the mRNA and protein level but it did not prevent human islet cell 
death (control 5±0.7 % cell death; palmitate 13±1; palmitate + IL-1ra 14±2.1 
after 3 days, n=4). Palmitate, but not oleate or high glucose, activated NF-κB 
in human islets, as evaluated by IκBα mRNA expression (2.4±0.6-fold induc-
tion vs control after 24h, p<0.05; 2.6±0.6 after 48h, p<0.01); this increase was 
abolished by IL-1ra. Immunofluorescence demonstrated that NF-κB nuclear 
translocation occurs in β- and non-β cells.
Conclusion: Islets from T2D patients have a mild increase in the expression 
of selected chemokines and cytokines. A similar mild inflammatory response 
is observed in human islets exposed in vitro to saturated FFAs, this response 
is at least in part dependent on IL-1β production; but it does not contribute 
to lipotoxicity. The mechanisms by which palmitate induces chemokines, and 
their potential role in β-cell dysfunction in T2D remain to be clarified.
Supported by: EU FP6 EuroDia
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Kir6.2 accumulation in adult Sur1-KO islet cells triggers only moderate 
oxidative stress without an endoplasmic reticulum stress response
I. Marhfour1, J.-C. Jonas2, J. Marchandise1, J. Rahier1, C. Sempoux1,  
Y. Guiot1; 
1Pathology, Université Catholique de Louvain, 2Endocrinology and 
Metabolism, Université Catholique de Louvain, Brussels, Belgium.

Background and aims: The KATP channel subunits SUR1 and Kir6.2 contain a 
retention signal in their amino-acid sequence that prevents their cell surface 
addressing until they are correctly assembled in functional hetero-octamers. 
It is therefore likely that, when expressed in the absence of their partner, each 
subunit accumulate in the endoplasmic reticulum (ER), thereby inducing an 
ER stress with eventual oxidative stress. To test this hypothesis, we investi-
gated whether the absence of SUR1 in pancreatic endocrine cells alters the 
localization of Kir6.2 and induces ER stress- and oxidative stress-responses.

Materials and methods: We used islets from wild type (WT) and Sur1 
knockout (Sur1-/-) mice in which 1) the sub-cellular localization of Kir6.2 and 
calreticulin (an ER marker) were determined by immunofluorescence and 
immunogold, 2) the rough ER (RER) length and Kir6.2 gold particle den-
sity were measured by morphometry (results are means ± SEM) and 3) the 
mRNA levels of several ER stress-response genes and antioxidant enzymes 
were evaluated by real-time RT-PCR.
Results: In WT islet cells, Kir6.2 immunostaining was diffuse in the cyto-
plasm and markedly enhanced at the plasma membrane. In contrast, Kir6.2 
was mainly localized around the nucleus of Sur1-/- islet cells without posi-
tive immunoreactivity at their plasma membrane. This staining pattern was 
similar to that of calreticulin, suggesting ER localization of Kir6.2. Moreover, 
calreticulin staining intensity was higher in Sur1-/- than WT islet cells, sug-
gesting a greater RER density. At electron microscopy, Kir6.2 gold particles 
were mainly localized on secretory granules of WT islet cells while they were 
mostly observed on the RER in Sur1-/- endocrine cells, leading to a significant 
increase in Kir6.2 gold particle density in the RER (0.053 ± 0.014 vs 0.027± 
0.009 particles/µm in Sur1-/- vs WT beta cells, P<0.01). Sur1-/- islet cells also 
showed an increase in the length of the RER (32.6 ± 4.2 vs 8.5 ± 1.6 µm/cell in 
Sur1-/- vs WT beta cells, P<0.001) but no dilation of its lumen. Despite these 
multiple signs of Kir6.2 retention in the RER, Xbp1 mRNA splicing and the 
mRNA levels of the ER stress-response genes Bip, Edem and Gadd153 were 
not different between WT and Sur1-/- islets. In contrast, the mRNA levels of 
the antioxidant enzymes Sod1, Sod2, Gpx2 and Catalase were significantly 
up-regulated in Sur1-/- vs WT islets by 1.5, 1.9, 2.6 and 2.2-fold respectively.
Conclusion: Our results suggest that, in Sur1-/- islet cells, sequestration of the 
majority of Kir6.2 subunits in the RER is associated with an increase of RER 
length and mild oxidative stress without activation of the classical ER stress 
response.
We thank the Belgium DSR for their FSRM and ARC grants that supported 
this work
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Increased pancreatic islet GLP-1 content and release in mice with 
deletion of glucagon receptor
X. Li1, L. Ge1, S. Xu1, G. Jiang1, J. Mu1, F. Liu1, L. Wang1, P. Fischer1,  
M.J. Charron2, Y.-P. Zhou1, A.D. Howard1, B.B. Zhang1; 
1Metabolic Disorders, Merck Research Laboratories, Rahway, United States, 
2Albert Einstein College of Medicine, Bronx, United States.

Glucagon-like peptide (GLP)-1 is an incretin hormone released from the 
intestine L-cells after ingestion of a mixed meal, exerting various effects on 
pancreas insulin and glucagon release as well as on gastrointestinal motility. 
Prior studies showed that mice with a null mutation of the glucagon receptor 
(GCGR KO) have increased circulating GLP-1 levels. However, the sources of 
this elevated GLP-1 have not been clearly defined. To address this outstand-
ing question, we performed immunohistochemistry (IHC) analysis of the 
pancreas and assessed GLP-1 content and release using islets from wild type 
(WT) and GCGR KO mice. We observed a significant increase of GLP-1 posi-
tive cells in the pancreatic islets of GCGR KO mice relative to the WT mice. 
Likewise, the hormonal contents of glucagon and active GLP-1 were signifi-
cantly increased in islets isolated from KO mice compared with WT mice (by 
5 and 90 folds respectively, n=6). When islets were statically cultured in glu-
cose-containing culture medium, release of active GLP-1 and glucagon from 
the KO islets markedly increased when compared with that of WT islets. This 
elevated hormone release by KO islets appeared to be unaffected by chang-
es of glucose concentration in the culture medium from 3 mM to 15 mM. 
Microarray and real-time RT-PCR analyses revealed elevated mRNA levels of 
proglucagon (15 fold), PC2 (1.94 fold), ISL-1 (1.82 fold) and MafB (2.31 fold) 
genes, but decreased mRNA levels for MafA (0.49 fold), PC1 (0.5 fold) ex-
pression in the GCGR KO islets. Our data suggest that elevated plasma GLP-1 
in GCGR KO mice is derived at least in part by the increased pancreatic islet 
GLP-1 synthesis and release possibly resulted from the compensatory am-
plification of the preproglucagon gene due to the absence of glucagon recep-
tor signaling. Antagonizing glucagon receptor may yield additional benefits 
through the increase in GLP-1 production in pancreatic islets.
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Effect of glucose abnormalities and pancreatic islet amyloidosis on the 
cell composition of the islets of Langerhans in non-human primates
F. Folli1,2, A.M. Davalli3, A.O. Chavez1, G. Hubbard2, E. Dick Jr.2, G. Finzi4, 
S. La Rosa4, C. Capella4, L.M. Jimenez-Ceja1, S. Kamath1, M. Palomo1,  
G. Halff5, A. Gastaldelli1, R.A. DeFronzo1, R. Guardado-Mendoza1,6; 
1Medicine/Diabetes, University of Texas Health Science Center at San 
Antonio, United States, 2Southwest Foundation for Biomedical Research, 
San Antonio, United States, 3San Raffaele Scientific Institute, Milan, Italy, 
4Pathology, Ospedale di Circolo and University of Insubria, Varese, Italy, 
5Surgery, University of Texas Health Science Center at San Antonio, United 
States, 6University of Colima, Mexico.

Impaired insulin secretion is a major physiopathologic defect in type 2 dia-
betes mellitus (T2DM), and pancreatic islet amyloidosis (PIA) may play an 
important role in the development of beta cell dysfunction. We examined the 
relationship between beta and alpha cell volume versus with PIA and meta-
bolic variables in non-human primates.
Methods: Forty baboons (matched by age, sex and weight) were divided into 
5 groups based upon % islet volume occupied by PIA: 0, 1-25, 26-50, 51-75, 
>75%. Immunohistochemical staining for insulin, glucagon and somatostatin 
was performed in pancreatic sections to measure beta and alpha cell volume 
and size using a stereological approach (CAST-OLYMPUS). Plasma glucose, 
insulin, glucagon and FFA concentrations were determined before death in 
all baboons. ANOVA was used for comparisons between groups and Pearson 
Correlation coefficient to evaluate the relation between variables.
Results: Beta cell volume per islet indirectly correlated with FPG (R2=-0.54, 
p<0.001), PIA (R2=-0.76, p<0.001), Ln(FFA) (R2= -0.24, p<0.001) and directly 
with HOMA-B (R2= 0.61, p<0.001). Baboons with FPG >125mg/dl had 62% 
reduction in beta cell volume. Alpha cell volume and alpha/beta cell volume 
ratios were progressively elevated with increasing FPG and PIA (p<0.05). Ba-
boons with FPG=95-125 mg/dl had a 21% increase in alpha cell volume, those 
with PIA >50% had a 30% increase in alpha cell volume and 44% decrease in 
delta cell volume. Individual beta and alpha cell size also increased accord-
ingly to FPG and PIA (p<0.05). The sum of all islet components (amyloid and 
beta/alpha/delta cells) was 99.4±4.1% in baboons with FPG <80 mg/dl and 
PIA=0%, and it was slightly increased (13%) in baboons with PIA >25% and 
FPG >95mg/dl (p=NS), and this increase was around 50% when only the islet 
volume free of PIA was considered (p<0.05).
Conclusion: PIA and hyperglycemia are associated with reduced beta cell 
volume and function, and increased alpha cell volume and size. These histo-
logical abnormalities may explain the defect in insulin secretion and hyper-
glucagonemia in T2DM.

PS 17 Experimental insulin secretion
401
Melatonin receptor signalling is involved in insulin secretion in the INS-
1 832/13 beta cell line
C.L.F. Nagorny, H. Mulder; 
Clinical Sciences Malmö, Lund University, Sweden.

Background and aims: Genome-wide-association studies (GWAS) have re-
cently suggested that a receptor (MTNR1B) for the pineal hormone mela-
tonin is involved in the pathogenesis of Type 2 Diabetes Mellitus (T2DM). 
Melatonin binds predominantly to its receptors MTNR1A and MTNR1B, 
which are G-protein coupled receptors and are proposed to exert an inhibi-
tory effect on insulin secretion. It remains uncertain which receptor mediates 
this effect. Here, we investigated which receptor exerts an effect on glucose 
stimulated insulin secretion (GSIS) and to what extent. Also, this study aimed 
at providing information about whether endogenous melatonin is present in 
the pancreatic β-cell and if it interferes with insulin secretion.
Materials and methods: To address this issue we knocked down the two dif-
ferent melatonin receptors (MTNR1A and MTNR1B) in the INS-1 832/13 
β-cell line by RNA interference. The transfected cells were then stimulated 
with glucose alone and in combination with the cAMP-raising agent forsko-
lin, given the suggested cAMP-lowering effect of melatonin.
Results: Both MTNR1A and MTNR1B were successfully knocked down 
by ~81% (n = 3) on the mRNA level. Upon knock down of MTNR1A in 
INS-1 832/13 β-cells, there was a trend towards an inhibitory effect on GSIS, 
whereas knock down of MTNR1B did not affect GSIS. A similar tendency 
was observed when β-cells were stimulated with high glucose (16.7mM) in 
combination with 35 mM potassium and 250 μM diazoxide to evoke KATP-
independent insulin secretion. Stimulation with high glucose in combina-
tion with 2.5 μM forskolin provoked a 3-fold increase in GSIS compared to 
stimulation by 16.7 mM glucose alone. In contrast, knock down of MTNR1A 
significantly inhibited GSIS under these conditions (91 ±10 vs. 186 ±51 ng/
mg/h; p = 0.03, n = 3). Silencing of MTNR1B was not associated with any 
inhibition of GSIS under the same conditions. mRNA for the enzyme aryla-
lkylamine-N-acetyl transferase (AANAT), active in melatonin synthesis, was 
expressed in INS-1 832/13 β-cells.
Conclusion: Our data show that blocking melatonin receptor signaling in 
INS-1 832/13 β-cells reduces a full insulin secretory response, particularly 
that potentiated by cAMP. A block of MTNR1A exerts the strongest effect. 
Melatonin is likely to be synthesized in these cells since we were able to dem-
onstrate expression of AANAT, the rate-limiting biosynthetic enzyme. Our 
data suggest that melatonin receptor signaling is involved in control of in-
sulin secretion. It is possible that endogenous melatonin may play a role in 
these processes.
Supported by: an EFSD/MSD grant; Swedish Research Council
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5-hydroxytryptamine exposure stimulates insulin secretion in clonal beta 
cells but not in islets of Langerhans
M. Fex1, H. Bennet1, C. Nagorny2, M. Dekker Nitert3, N. Wierup4,  
Å. Lernmark1; 
1Diabetes and Celiac disease, Clinical Sciences, Malmö, 2Molecular 
Metabolism, Clinical Sciences, Malmö, 3Diabetes and Endocrinology, 
Clinical Sciences, Malmö, 4Diabetes and Celiac disease, Experimental 
Medical Sciences, Lund, Sweden.

Background and aims: Receptors 5-HT1a (5-hydroxy-tryptophane receptor 
1a) and 5-HT1a (5-hydroxy-tryptophane receptor 2b) are G-protein coupled 
receptors activated by 5-Hydroxytryptamine, also known as serotonin. 5-
HT1a couples negatively to adenylate cyclase while 5-HT2b activates Gαq. 
This means that the receptors act by two distinct intracellular pathways and 
activate a cascade reaction, resulting in different cellular events. Both recep-
tors have previously been found in islets of Langerhans from rodents. In ad-
dition, serotonin has been shown to be present in islets from several differ-
ent animal species. As both receptors and amines are present, serotonin may 
potentially regulate hormone secretion from islets of Langerhans. We have 
therefore investigated the effect of a serotonin analogue (α-methyl serotonin) 
on insulin secretion in a clonal β-cell line and in islets of Langerhans from 
mouse and humans.
Materials and methods: We used RT PCR and sequence specific primers 
to detected expression of the receptors in the β-cell line (INS 832/13) and 
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in islets of Langerhans. Immuno-histochemical analysis was used to detect 
the receptors at the protein level in rodent islet and human islets. Islets from 
mouse was isolated by standard collagenase digestion and incubated with 
glucose and α-methyl serotonin at 37 oC for 1h and assayed for insulin se-
cretion. Insulin was measured either by radio-immuno assay or with insulin 
ELISA depending on the species of the islets of Langerhans.
Results: 5-HT2b mRNA was found in the 832/13 cells. We also found both 5-
HT1a and 5-HT2b to be expressed in rodent and human islets, at both mRNA 
and protein level. Interestingly, 5-HT receptors in islets were localized in two 
different cell types in the islets. In rodent islets, 5-HT2b was predominantly 
expressed in β-cells while 5-HT1a was more abundant in the α-cells. In hu-
man, islets the situation was reversed. Stimulation with α-methyl serotonin 
provoked a significant increase in insulin secretion at stimulatory concentra-
tions of glucose when the clonal β-cells were incubated with the analogue for 
2h. In mouse and human islets, however, no difference between the control 
and α-methyl serotonin treated islets were detected at either concentrations 
of glucose.
Conclusion: Our results from the clonal cell line suggest a role for serotonin 
and its receptors in regulation of insulin secretion. Because both 5-HT1a and 
5-HT2b are expressed in rodent and human islets and activate two very dis-
tinct cellular pathways, these receptors may in fact modulate secretion from 
both α and β-cells. This dual regulation of both insulin and glucagon secre-
tion could obscure the actual effect of α-methyl serotonin on insulin secre-
tion. This issue needs to be further investigated because these receptors may 
serve as potential drug targets to stimulate islet hormone secretion.
Supported by: Novo Nordisk foundation, LUDC, LUDC Human Tissue Labora-
tory, Krapperup foundation, Professor Olle Korsgren
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New paracrine role of pancreatic polypeptide in mouse and human 
pancreatic islets
F. Aragón1, A. Novials2, R. Maldonado1, B. Rubí1; 
1Neuropharmacology laboratory, DCEXS, 2Laboratory of Experimental 
Diabetes. Institut d’Investigacions August Pi i Sunyer -IDIBAPS-, CIBER de 
Diabetes y Enfermedades Metabólicas Asociadas -CIBERDEM-, Barcelona, 
Spain.

Background and aims: Pancreatic polypeptide (PP) is a hormone synthe-
sized in pancreatic islet F-cells. PP is released in response to food ingestion 
and remains elevated for up to 6 h postprandially. It has recently received 
much attention for its metabolic role in humans, suppressing food intake 
and gastric emptying. For this reason, PP is nowadays in the spotlight for 
the development of treatments against obesity and diabetes in humans. We 
have explored the possible existence of additional paracrine roles of PP in the 
endocrine pancreas. Indeed, endocrine pancreatic hormones often exhibit 
paracrine roles in the regulation of islet secretion that are complementary 
to its extra-islet functions. Thus, insulin from beta cells negatively regulates 
glucagon secretion and somatostatin from delta cells negatively regulates 
both insulin and glucagon secretion. These paracrine regulations constitute 
a complex network necessary for a precise tuning of the endocrine pancreas 
in response to different metabolic states. Up to date, the possible intra-islet 
functions of PP are totally unknown.
Materials and methods: We have performed immunolocalization analysis 
of the PP receptor, NPY4R -also named as PP1R- in mouse and human pan-
creatic islets. Additionally, we have evaluated its role in the modification of 
pancreatic islet hormone secretion in vitro.
Results: Our data show the expression of PP receptor in both mouse and hu-
man models, were PP1R is exclusively expressed in glucagon-secreting alpha 
cells. In addition, our preliminary results indicate that these receptors are 
functional, and their activation by PP regulates glucagon secretion in isolated 
pancreatic islets.
Conclusion: Pancreatic polypeptide influences glucagon secretion by acting 
on PP1R present in pancreatic alpha cells in mouse and human islets. Our 
data reveal for the first time paracrine signalling of pancreatic polypeptide. 
Interestingly, it is known that glucagon modifies food intake in humans, 
probably by acting on central glucagon receptors. Our data indicate that some 
of the metabolic properties of PP may be mediated by changes in glucagon 
levels and suggest a possible functional parallelism on PP roles in CNS and 
endocrine pancreas.
Supported by: an EFSD/AstraZeneca grant
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Kisspeptin the endogenous ligand for the novel beta cell GPCR, GPR54, 
inhibits insulin secretion
J. Vikman, B. Ahrén; 
Medicine, Clinical Sciences, Lund, Sweden.

Background and aim: Kisspeptins are a family of peptides that activates the 
G-protein coupled receptor GPR-54, which is a novel islet GPCR that couples 
to Gq and the PLC pathway. The KISS1 gene encodes for a hydrophobic 145 
amino acid protein that can be cleaved into peptides of differing length e.g. 
kisspeptin 54 (KP54), kisspeptin 13 (KP13) and kisspeptin 10 (KP10). Both 
human and mouse islets express both the receptor, GPR54, and the gene en-
coding the ligand, KISS1. The function of kisspeptins in islet function and 
insulin secretion is however still unclear. We therefore explored the potential 
effect of kisspeptins on insulin secretion and expression of kisspeptin peptide 
in mouse islets.
Methods: Insulin secretion was measured in isolated islets after collagenase 
digestion of pancreata from C57BL/6J mice. The islets were divided in groups 
of three and incubated in HBSS with glucose concentrations of 2.8, 5.6, 8.3 
and 11.1 mM, with or without 100 nM kisspeptin-13 for 60 min at 37 ºC. In-
sulin secretion was also measured during IVGTT where the mice were given 
an intravenous injection of with 0.35 g glucose with or without 3 nmol KP10 
per kg. Insulin was determined with ELISA (Mercodia) or radioimmuno-
chemically (Linco Res., St Charles, MO, USA). Finally, localization of KP10 
in mouse islets was investigated using immunocytochemostry of mouse islet 
cells using an antibody directed against the N-terminal end of KP10.
Results: KP-13 inhibited insulin secretion in isolated mouse islets and the 
inhibitory action was most pronounced at glucose concentrations below 
11.1 mM. At 5.6 mM glucose the insulin response was 121±15 pg/islet/h and 
in presence of KP13 the insulin response was reduced to 69±10 pg/islet/h 
(p=0.01, n=4). The inhibitory action was also seen at 8.3 mM glucose where 
the insulin response was 205±18 pg/islet/h in control islets and 152±16 pg/
islet/h (p=0.04, n=4) in presence of KP13. In vivo, the insulin response to IV 
glucose was inhibited by the endogenous mouse kisspeptin, KP10. Thus the 
1 min increase in plasma insulin after IV glucose was 715±200 pmol/l (n=9) 
and this was reduced by 60% to 290±94 pmol/l by KP10 (n=9, p=0.008). The 
presence of KP10 was shown in dispersed primary mouse beta cells using 
immunocytochemsitry.
Conclusion: Kisspeptins inhibit insulin secretion as evident both by in vivo 
and in vitro studies, and in vitro the effect was evident at glucose concentra-
tions below 11.1 mM. This argues that signaling of GPR54 through kisspeptins 
is inhibiting regulating insulin secretion at physiological concentrations of 
glucose. Since kisspeptins are expressed in beta cells, as is GPR54, our results 
suggest a novel feed-back mechanism for restraining beta cell secretion. The 
mechanisms and physiological relevance of this remains now to be explored.
Supported by: the Swedish Research Council, Region Skåne, Faculty of Medi-
cine, Lund University
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Palmitate-stimulated hormone secretion in relation to GPR40 expression 
in pancreatic islets of spontaneous obesity and type 2 diabetes in rats
A. Salehi, S. Meidute Abaraviciene, A. Balhuizen, R. Kumar, S. Amisten,  
B. Björn Olde, I. Lundquist; 
Clinical Sciences, University of Lund, Malmö, Sweden.

Background and aims: The role of GPR40 in FFA-induced β-cell signalling 
is unclear. We examined GPR40 expression in relation to palmitate-induced 
hormone release in isolated islets from two rat models of spontaneous type 2 
diabetes displaying either hyperlipidemia (fa/fa) or hyperglycemia (GK).
Materials and methods: GPR40 expression was analysed by confocal mi-
croscopy, Western blot and RT-PCR in islets from young prediabetic Zucker 
diabetic fatty (ZDF, fa/fa) rats or diabetic Goto-Kakizaki (GK) rats and their 
healthy controls. Palmitate-stimulated hormone secretion from isolated islets 
was analysed.
Results: Confocal microscopy of control islets showed expression of GPR40 
protein in insulin, glucagon and somatostatin cells. This expression was 
strongly increased in islets of prediabetic fa/fa rats and had its functional 
counterpart in increased palmitate-induced release of insulin and glucagon 
and a pronounced inhibition of somatostatin release. Conversely, GK islets 
displayed an extremely faint expression of GPR40 as did high-glucose-cul-
tured Wistar control islets. In GK islets this was reflected in an abolished 
hormone response to palmitate. In accordance, both Western blot and mRNA 
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expression of GPR40 showed a strong increase in fa/fa islets and a marked 
decrease in GK islets as compared to control islets and high-glucose cultured 
Wistar islets.
Conclusion: GPR40 is abundantly expressed in pancreatic islets and influenc-
es palmitate-induced secretion of insulin, glucagon and somatostatin. Mild 
hyperlipidemia increases GPR40 expression and palmitate-induced effects on 
hormone secretion, whereas hyperglycemia abrogated GPR40 expression and 
abolished palmitate-induced secretory effects. GPR40 could be a target for 
therapeutic approach in certain types of obesity and type 2 diabetes.
Supported by: Swedish Research Council, Swedish Diabetes Association, Albert 
Påhlsson, Crafoord and Novo Nordisk Foundations

406
Evidence for inhibitory autocrine effects of proinsulin C-peptide on 
pancreatic beta cell function and insulin secretion
A.M. McKillop, M.T. Ng, P.R. Flatt, Y.H.A. Abdel-Wahab; 
School of Biomedical Sciences, University of Ulster, Coleraine, United 
Kingdom.

Background and aims: There is evidence to suggest that proinsulin C-pep-
tide may exert various physiological effects in addition to representing a com-
ponent of proinsulin that is cleaved by proconvertase enzymes during insulin 
biosynthesis. C-peptide has been shown to affect several cellular processes 
and bind to cell membranes including insulin-secreting beta cells. However, 
very little attention has been given to the possible effects of C-peptide on 
insulin secretion. The present study was undertaken to explore the actions of 
various forms of proinsulin C-peptide on pancreatic beta cell function and 
insulin secretion.
Materials and methods: Insulin releasing activity of C-peptide (human, rat-1 
and rat-2) was studied in the clonal pancreatic cell line, BRIN-BD11. Find-
ings were substantiated by further studies in pancreatic islets isolated by col-
lagenase digestion from normal Swiss TO mice (n=5). Acute insulin secretion 
studies were performed at 5.6mM and 16.7mM glucose. A range of C-peptide 
concentrations were tested with various stimulators of insulin release, and 
comparative studies performed with known inhibitors of beta cell function. 
Insulin release was measured by radioimmunoassay, and intracellular calci-
um ([Ca2+]i) determined by fluormetric assay kit using FLEXstationTM.
Results: Acute exposure of clonal beta cells to human C-peptide (10-9-10-6M) 
resulted in concentration-dependent inhibitory effects on insulin secretion at 
5.6mM (P<0.05-P<0.001) and 16.7mM (P<0.01-P<0.001) glucose. Inhibition 
of glucose-induced insulin secretion with C-peptide (3x10-7M) was accom-
panied by suppression of the insulin-secretory responses to alanine (10mM, 
P<0.05), elevated Ca2+ (7.68mM, P<0.001), arginine (P<0.05), tolbutamide 
(P<0.001) and GLP-1 (P<0.001) at 5.6mM glucose. Likewise, C-peptide in-
hibited insulin release induced by KCl (30mM, P<0.05) and IBMX (200μM, 
P<0.01) at 16.7mM glucose. Additionally, the inhibitory effects of C-peptide 
were shown to be concentration dependent for alanine (10-8-10-6M, P<0.05-
P<0.001) and IBMX (10-9-10-6M, P<0.01-P<0.001) stimulated insulin release 
at 5.6mM and 16.7mM glucose, respectively. Broadly similar results were 
found using isolated pancreatic islets as C-peptide (3x10-7M) reduced insulin 
release at 5.6mM (P<0.001) and 16.7mM (P<0.001) glucose. In isolated islets 
C-peptide also inhibited alanine (10mM), GIP (10-8M), IBMX (200μM) and 
tolbutamide (200μM) stimulated insulin release at 5.6mM glucose (P<0.01). 
Acute exposure of clonal beta cells to C-peptide (3x10-7M) resulted in no 
modification of the changes in [Ca2+]i induced by alanine, whereas inhibition 
of insulin secretion with diazoxide (300μM), clearly reduced [Ca2+]i (P<0.001, 
n=6). Human C-peptide (3x10-7M, P<0.01) and established inhibitors of in-
sulin secretion, somatostatin-14 (3x10-7M, P<0.001) and diazoxide (300μM, 
P<0.001) reduced glucose-stimulated insulin release in the acute studies per-
formed at 5.6mM glucose in the presence of alanine. Glucose-induced insulin 
secretion was inhibited by 25% (somatostatin-14), 43% (C-peptide) and 48% 
(diazoxide). The various observations made with human C-peptide were re-
produced using rat C-peptide I and II.
Conclusion: This study provides evidence that C-peptide is a biologically 
active endogenous peptide hormone that exerts tonic inhibitory effects on 
pancreatic beta cell function mediated through intracellular signalling path-
ways.

407
Silencing mitogen-activated protein 4 kinase 4 (MAP4K4) protects beta 
cells from TNF-alpha inhibition of glucose-stimulated insulin secretion
K. Bouzakri, P. Ribaux, P.A. Halban; 
Department of Genetic Medicine and Development, CMU, Geneva, 
Switzerland.

Background and aims: Obesity and type 2 diabetes mellitus are widespread 
metabolic disorders characterized by an overlapping phenotype of insulin 
resistance with a relative deficiency in insulin secretion underlying hyper-
glycemia in type 2 diabetes. Systemic inflammation is also a feature of obes-
ity and type 2 diabetes, raising the hypothesis that elevated cytokine levels 
may contribute to peripheral insulin resistance as well as decreased beta cell 
functional mass. In healthy humans, TNF-α infusion induces skeletal muscle 
insulin resistance. We now explore the impact of TNF-α on glucose-stimu-
lated insulin secretion from primary beta cells and the underlying signalling 
pathways.
Materials and methods: Human and rat primary beta cells were sorted by 
FACS and cultured for 24h +/- 20 ng/ml TNF-α to explore the impact on ap-
optosis (TUNEL assay), proliferation (BrdU incorporation) and short-term 
insulin secretion (1h 2.8 mM glucose followed by 1h 16.7 mM glucose at 
the end of the 24h culture period) as well as key signalling protein phos-
phorylation and expression. siRNA was used to silence MAP4K4 expression: 
cells were transfected with liposome-siRNA (Lipofectamine 2000 and siRNA 
(100 nM)) 3 days prior to the experimental period to ensure knockdown of 
MAP4K4 before TNF-α treatment. Data are mean±SE, for n=4 independent 
experiments.
Results: Culture for 24h with TNF-α had no effect on either beta cell pro-
liferation (rat) or apoptosis (rat and human). By contrast, TNF-α treatment 
decreased short-term glucose-stimulated insulin secretion (GSIS) by 42±6% 
(for human) and 49±8% (for rat) when compared to control (without TNF-
α), with no significant effect on basal secretion. In rat primary beta-cells, 1h 
of glucose stimulation (16.7mM) induces phosphorylation of proteins from 
the insulin signalling pathway including Akt, AS160, other Akt Substrates, 
ERK and insulin receptor: 24h TNF-α treatment abolished this effect of glu-
cose on these particular proteins. Strikingly, TNF-α treatment decreased 
IRS-2 protein levels by 46±7% vs. control, although mRNA expression was 
unchanged. TNF-α treatment also induced activation of p38, p70S6Kinase 
and JNK, as well as NF-κB in rat primary beta cells. In order to identify 
which kinases were responsible for TNF-α inhibition of GSIS, we used either 
a pharmacological approach or siRNA. Neither NF-κB (Bay 11-7032; 5μM) 
nor eNOS (LNMMA; 1mM) inhibition protected beta cells from the impact 
of TNF-α, whereas MAP4K4 knockdown using siRNA preserved GSIS and 
IRS-2 protein levels as well as the impact of glucose on components of the 
insulin signalling pathway. MAP4K4 knockdown also prevented activation 
of JNK and p70S6Kinase by TNF-α, whereas it had no influence on NF-κB 
or p38 activation.
Conclusion: We show here that 24h exposure to TNF-α inhibits GSIS in pri-
mary beta cells. This is associated with an alteration in phosphorylation of key 
proteins in the insulin signalling pathway after glucose stimulation as well as 
decreased levels of IRS-2 protein. We identify MAP4K4 as a key upstream 
mediator of TNF-α action on the beta cell, making it a potential therapeutic 
target for preservation of beta cell function in type 2 diabetes.
Supported by: Merck Sharp and Dohme

408
Targeting diabetes through multiple pathways using VPAC2 receptor 
selective peptide agonists
K. Bokvist1, J. Alsina-Fernandez1, M. Brenner1, A. Cauvin2, A. Delaunois2, 
A. Köster1, J. Mayer1, L. Zhang1; 
1Eli Lilly & Co, Indianapolis, United States, 2Eli Lilly Development Center, 
Mont-Saint-Guibert, Belgium.

Background and aims: Vasoactive intestinal polypeptide (VIP) is one of the 
most abundant neuropeptides in the pancreas. VIP potently enhances insulin 
secretion from pancreatic islets but may also stimulate glucagon secretion. 
VIP may act through either VPAC1 or VPAC2 receptors.
Materials and methods: We have used two different VPAC2R selective pep-
tides, P17 and P104, to determine (1) if VPAC2R specific compounds can 
dissociate the VIP-mediated enhancements of glucagon and insulin secretion 
in in vitro and (2) to evaluate their efficacy on insulin secretion in normal or 
diabetic rats.
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Results: Both peptides potently enhanced insulin secretion from isolated rat 
islets; for example, 30 nM P104 enhanced insulin secretion by 3.5-fold versus 
controls in the presence of 10 mM glucose. The same concentration of GLP-1 
resulted in a 4-fold enhancement. In difference to PACAP-27 that activates 
both VPAC1 and VPAC2 receptors, neither GLP-1 nor P104 enhanced gluca-
gon secretion from rat islets. This observation suggests that a VPAC2R selec-
tive compound may selectively enhance insulin secretion without stimulating 
glucagon release. P17 also protected ß-cells against apoptosis induced either 
by cytokines (IFNγ + IL1ß) or by H2O2. When given acutely in a rat intrave-
nous glucose tolerance test (ivGTT), P104 enhanced the insulin response to 
an intravenous bolus of glucose by a factor of 4 (measured as the area under 
the insulin curve from 0 to 10 min after glucose). The half-maximal effica-
cious dose was 0.1 µg/kg. P104 was also efficacious in an ivGTT in diabetic 
GK rats, where 3 and 10 µg/kg stimulated insulin secretion by 3 and 4-fold, 
respectively. In order to assess to which extent VPAC2 receptors desensitize 
when chronically stimulated, P17 was subcutaneously infused in normal rats 
at a rate of 2.6 or 8 µg/kg/h for 72 h, after which insulin secretion was studied 
at two fixed iv glucose infusion rates (5 & 15 mg/kg/min). Both P17 doses 
enhanced insulin secretion by 4-fold compared to vehicle. The safety profile 
of P17 was assessed in a parallel study in healthy rats with infusion rates of 8 
and 27 µg/kg/h for 72 h; which corresponded to 3- and 10-fold the maximal 
efficacious dose on insulin secretion. No adverse events were observed, but 
interestingly, plasma triglycerides and free fatty acids were dose-dependently 
reduced after the 72h infusion. Both doses reduced food intake by 20% and 
50% for 8 and 27 µg/kg/h, respectively. No signs of liver damage or perturba-
tions of plasma GH, corticosterone, prolactin or total cholesterol levels were 
observed.
Conclusion: VPAC2R-selective peptides enhanced insulin secretion in rat 
pancreatic islets, without effects on glucagon release. They also potently en-
hanced insulin secretion in both normal and diabetic rats, improved plasma 
lipid levels and reduced food intake; a set of properties which is particularly 
desirable for the treatment of type 2 diabetes.

409
Role of class 1A PI3-kinase in pancreatic beta cell functions and growth
K. Ueki1, K. Kaneko1, L.C. Cantley2, T. Kadowaki1; 
1Department of Metabolic Diseases, The University of Tokyo, Japan, 2Beth 
Israel Deaconess Medical Center, Center for Life Science, Harvard Medical 
School, Boston, United States.

Background and aims: Recent studies using several knockout models have 
shown that autocrine insulin (and/or IGF-1) regulates growth and some 
functions of pancreatic β cells through activation of insulin signaling. Down-
stream of insulin receptor signaling, Class IA phosphoinositide 3-kinase 
(PI3K) composed of a catalytic subunit (p110) and a regulatory subunit (p85) 
plays a pivotal role. Thus, in this, study, we tried to identify the role of Class 
IA PI3K in β cells.
Materials and methods: To this end, we have generated β cell specific Pik3r1 
gene knockout encoding p85α and its splicing variants (βPik3r1KO) mice 
using Cre-LoxP system, and also ablated the genes of two major regulatory 
subunits, p85α and p85β, of PI3K by crossing mice lacking Pik3r1 in β cells 
with Pik3r2 (p85β gene) null mice, for creating pancreatic beta cell-specific 
double knockout mice (βDKO mice).
Results: βPik3r1KO mice were indistinguishable from control RIP-Cre trans-
genic mice. βPik3r1KO mice exhibited impaired glucose tolerance and sup-
pressed glucose stimulated insulin secretion (GSIS) in vivo with decreased β 
cell mass. Moreover, βDKO mice showed more prominent glucose intolerance 
and decreased islet mass than βPik3r1KO mice. βDKO mice exhibited mark-
edly blunted 1st phase insulin secretion in GSIS in vivo and in situ pancreatic 
perfusion test. Furthermore, apoptotic cells estimated by TUNEL assays were 
significantly increased in islets of βPik3r1KO and βDKO mice. We found that 
islets of βPik3r1KO and βDKO mice show impaired glucose-stimulated syn-
chronized Ca influx and subsequent insulin secretion due to a reduction in 
Connexin 36, a key molecule of gap-junction. We also found that these mice 
show impaired insulin secretion even when intracellular Ca concentrations 
were elevated by caged Ca because these islets have reduced levels of SNARE 
protein complex. These reductions were normalized when the isolated islets 
were treated with the adenovirus expressing a constitutively active Akt.
Conclusion: These data suggest that Class IA PI3K is required for normal 
insulin secretion (especially in 1st phase secretion) and age-dependent islet 
growth, and that decreased Class IA PI3K activity causes postprandial hy-
perglycemia. Thus, these results may provide a novel therapeutic approach 
for diabetes by enhancing insulin/PI3K signaling in pancreatic β cells, lead-

ing to the normal insulin secretion and the normalization of postprandial 
hyperglycemia.
Supported by: Ministry of Education, Culture, Sports, Science and Technology 
of Japan

410
Deterioration of islet structure and function precedes alterations of 
metabolic profile in Zucker diabetic fatty (ZDF) rats
A. Bénardeau1, S. Uhles1, S. Sewing1, M. Brecheisen1, O. Ivanova1, H. Wang1, 
E. Sebokova1, C.B. Wollheim2, C. Migliorini1; 
1PRDM412, F-Hoffmann-La Roche, AG, Basel, 2Department of Cell 
Physiology and Metabolism, University of Geneva, Switzerland.

Background and aims: The ZDF rat has been widely used to demonstrate 
preclinical efficacy of anti-diabetic drugs. In this study we investigated if the 
changes in islet function and morphology precede alterations in metabolic 
profile.
Materials and methods: Measurement of metabolic parameters under basal 
and glucose challenge (oGTT at 2g/kg) together with quantitative analysis of 
islet morphology and in situ pancreas perfusion were performed longitudi-
nally for 6 weeks starting in 6-week old male ZDF (ZDF) and lean (Lean) rats. 
Pancreata were stained for insulin, glucagon and nuclei.
Results: Despite near normoglycemia (FBG: 6.5±0.3 vs. 4.1±0.1 mM) and 
normo triglyceridemia (1.2±0.1 vs. 1.6±0.2 mM), 6w-old ZDF rats were char-
acterized by moderate glucose intolerance (AUCGlu-2h=1138±57 vs 814±21 
mM*min) compared to 6w-old Lean (AUCGlu-2h=820±28 mM*min). How-
ever, the dynamic insulin secretion profile measured during in situ pancreas 
perfusion showed a tendency for a reduced phase II compared to Lean (AUC: 
84.0±10.7 (n=3) vs 147.6±19.3 ng/ml*min (n=6), n.s.).Total pancreatic insu-
lin content was significantly elevated (p<0.001) and an increase in islet area 
by ~40% (n.s.) could be observed vs. 6w-old Lean. At 8 weeks of age, ZDF 
rats were normoglycemic but exhibited hypertriglyceridemia (6.0±0.6 vs 
1.2±0.1 mM, p<0.01) and fasting hyperinsulinemia (6.2±0.5 vs. 2.3±0.3 ng/
ml, p<0.01) compared to 6w-old ZDF. In the perfused pancreas we observed 
increased basal insulin secretion (7.2±1.2 vs. 0.1±0.0 ng/m, p<0.01) and a 
tendency in increased phase I+II secretion (AUC: 116±14 vs. 155±24 ng/
mL*min, n.s.) upon glucose stimulation to compensate for evolving insulin 
resistance (Matsuda: 130±10 vs 390±40, p<0.01). Analysis of islet morphol-
ogy showed at this age disrupted islet architecture with increased islet area 
by ≥70% (p<0.001), reduced insulin staining intensity by 26% (p<0.0001) 
and a 240% (p<0.0001) increase of α-cell infiltration into the islet core com-
pared to 6 w-old ZDF. At the age of 10 and 12 weeks, ZDF rats evolved to-
ward type 2 diabetes showing severe hyperglycemia (FBG: 11.2±1.7, n.s. and 
19.0±2.2 mM, p<0.01), hypertriglyceridemia (6.7±0.7, p<0.001 and 5.8±0.6 
mM, p<0.001) and both peripheral and hepatic insulin resistance (Matsuda: 
165±12, p<0.0001 and 176±16, p<0.0001) compared to 6-w old ZDF. In situ 
pancreas perfusion showed an insulin secretion profile characterized by a 
suppressed phase I amplitude and complete flat phase II leading to an overall 
suppression of insulin secretory capacity. Analysis of islet morphology at 10 
and 12 weeks showed an increased islet area by ~90% (p<0.001) and ~114% 
(p<0.0001), decreased insulin staining intensity by 32% (p<0.0001) and ~48% 
(p<0.0001) and severe islet destruction measured by the increase in α-cell 
invasion in the islet core (+380%, p<0.0001 and +448%, p<0.0001).
Conclusion: Our results demonstrate that pre-diabetic 6-week ZDF rats show 
significant changes of islet structure and function compared to age-matched 
Lean. During disease progression, further functional and morphological is-
let changes compensating for insulin resistance precede the development of 
hyperglycemia and suggest that the ZDF rat model is suitable for preclini-
cal characterization of anti-diabetic drugs modifying islet function and early 
disease progression.
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Differential microRNA expression in human pancreatic islets from 
patients with type 2 diabetes
F. Dotta1,2, A. Po3, G. Sebastiani1,2, A. Paganelli3, F. Grieco1,2, R. Gallo1,2,  
M. Bugliani4, A. Gulino3, P. Marchetti4, E. Ferretti3; 
1University of Siena, 2Fondazione Umberto Di Mario, Siena, 3University of 
Rome “La Sapienza”, 4University of Pisa, Italy.

Background and aims: MicroRNAs (miRNAs or miRs) are a recently identi-
fied class of small cellular RNAs, whose function is to pair the mRNAs of 
protein-coding genes with subsequent transcriptional and post-transcrip-
tional regulation of gene expression. MicroRNAs have emerged as important 
regulatory factors involved in developmental processes, such as neural pro-
genitor cell growth and differentiation and their altered expression has been 
observed in a large number of malignancies. In addition, increasing evidence 
has shown that miRNAs are involved in the development of endocrine pan-
creas as well as in the regulation of insulin secretion and insulin signaling. In 
the light that type 2 diabetes is characterized by a defective insulin secretion 
combined to impaired insulin signaling, we performed a miRNA expression 
profiling in isolated human pancreatic islets obtained from 5 type 2 diabetic 
and from 5 age-matched control multi-organ donors.
Materials and methods: To this end, RNA isolation from tissue samples was 
performed using TRIZOL reagent and quantitative analysis of 150 miRNAs 
was performed using the specific stem-loop primers for reverse transcrip-
tion followed by real-time PCR. All values were normalized to endogenous 
controls U6 and U66. Hierarchical clustering analysis and dendrograms were 
performed on the Q-PCR expression levels of miRNAs employing Spotfire 
software.
Results: Among the 150 microRNAs analyzed, 142 were expressed in pan-
creatic islets and 16/142 resulted differently expressed in type 2 diabetic vs 
control human islets. An online search of miRNAs targets by miRanda and 
TargetScan databases revealed that a subset of these differently expressed 
miRs targeted several genes involved in regulation of beta cell development 
and function and in insulin signaling. We specifically studied miR-124 which 
resulted 30-fold hyperexpressed in type 2 vs control diabetic islets, by silenc-
ing its expression in MIN6 cells which, interestingly, resulted in increased ex-
pression of a number of predicted target genes such as myotrophin (involved 
in insulin exocytosis), Foxa-2 and NeuroD and in a 5-fold increase in basal 
insulin secretion (measured at 3.3mM glucose). Indeed, when over-expressed 
in 293T cells miR-124 was able to repress the translation of constructs in 
which the myotrophin -3’UTR and Foxa-2 -3’UTR were fused to the renilla-
luciferase open reading frame.
Conclusion: In conclusion, we here report a differentially miRNA profiling 
in type 2 diabetic vs control human pancreatic islets which includes a major 
hyperexpression of miR-124, whose silencing resulted in increased insulin 
secretion and expression of genes involved in beta cell function and devel-
opment, leading to the hypothesis that an altered miRNA expression may 
contribute to beta cell defects in type 2 diabetes.
Supported by: FORISID - Italian Diabetes Research Foundation, Italian Min-
istry of Research
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Foxa1 and Foxa2 are critical regulators of glucagon gene expression and 
of genes controlling alpha-cell differentiation
A. Guérardel, A. Mamin, J. Philippe; 
University Hospital and Faculty of Medecine, Geneva, Switzerland.

Background and aims: The Foxa1 and Foxa2 members of the Forkhead fam-
ily are involved in glucose homeostasis, particularly in the protection against 
hypoglycaemia in mammals. Foxa proteins are expressed during embryonic 
development and in adulthood in liver and pancreas. They are essential for 
the regulation of hepatocyte-specific expression of several target genes and 
contribute to the specification of the pancreas. Gene ablation studies revealed 
a critical role for Foxa1 in the regulation of glucagon biosynthesis and in pan-
creatic islet function and for Foxa2 in the regulation of the terminal differen-
tiation steps and the maturation of α-cells. The aims of the present study are 
to discriminate the respective role of the foxa1 and foxa2 genes on glucagon 

gene transcription by the precise identification of their cognate DNA ele-
ments and characterize their target genes to better understand the differen-
tiation of the pancreatic α-cells.
Materials and methods: Specific inactivation of the foxa1 and foxa2 genes 
were performed by transient transfection with siRNA in islet hamster (In-
R1G9) glucagon-producing cells and by creating InR1G9-derived stable 
clones overexpressing a dominant negative (DN) form of Foxa2 lacking the 
transactivation domain.
Results: Both Foxa1 and Foxa2 activate the glucagon gene promoter in non 
islet BHK cells. In vitro, Foxa1 specifically interacts with G1, G2 and site 
A of the glucagon gene promoter whereas Foxa2 only with G1 and G2. In 
vivo, both factors also bind to the glucagon gene promoter as demonstrated 
by ChiP assay. SiRNA experiments in InR1G9 cells revealed that inhibition 
of the expression of Foxa1, Foxa2 or both factors 72h after transfection de-
creased glucagon mRNA levels respectively by 60%, 40% and 68% and that 
Foxa2 could not compensate Foxa1 inhibition and vice versa. Similarly, both 
glucagon and its mRNA levels were decreased in stable clones expressing the 
DNFoxa2. SiRNA directed against Foxa1, Foxa2 or both decreased glucagon 
promoter activity respectively by 63%, 62% and 77% and Foxa binding sites 
mutagenesis experiments indicated that the effects of Foxa1 and Foxa2 on 
glucagon gene expression are exerted independently through the binding to 
G2 but not G1 or site A. In addition to the glucagon gene, Foxa1 and Foxa2 
regulate a number of genes which are important for the α-cell differentiation. 
Indeed, we found that inhibition of foxa1 and foxa2 genes down-regulate the 
genes coding the G protein-coupled receptor GPR40 affecting glucagon se-
cretion, MafB involved in α-cell differentiation and function and glucagon 
gene expression and HNF4α which is known to be regulated by Foxa2 in pan-
creatic β-cells. The expression of transcription factors such as Pax6, cMAF 
and Glut1 was not affected.
Conclusion: These results highlight the critical importance of Foxa1 and 
Foxa2 in glucagon biosynthesis and secretion, α-cell differentiation and glu-
cose homeostasis.
Supported by: Swiss National Science Foundation Grant
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Functional effects of the common SLC30A8 Arg325Trp polymorphism 
on isolated human pancreatic islets
S. Cauchi1, S. Del Guerra2, H. Choquet1, V. D’Aleo2, C. Groves3, R. Lupi2,  
M. McCarthy3, P. Froguel1, P. Marchetti2; 
1Genomics and Molecular Physiology of Metabolic Diseases, CNRS, Lille 
Cedex, France, 2Department of Endocrinology and Metabolism, University 
of Pisa, Italy, 3Endocrinology and Metabolism, Churchill Hospital, 
Headington, Oxford Centre for Diabetes, United Kingdom.

Background and aims: Genome-wide association studies have shown that 
Arg325Trp polymorphism in SLC30A8 (rs13266634) is associated with type 
2 diabetes (T2D) susceptibility. SLC30A8 is mainly expressed in beta-cells 
and encodes a zinc transporter protein member 8 (ZnT-8) involved in insulin 
maturation, storage and secretion. The major risk C allele has been found 
to associate with decreased in-vivo insulin release in a few, but not all stud-
ies. To shed further light on this issue, we assessed the relationships between 
SLC30A8 genotypes and some properties of isolated human islets.
Materials and methods: DNA from multiorgan donors (n: 82; age: 59.1±16.6 
yrs; gender: 38 males and 44 females; body mass index: 24.8±4.2 kg/m2) was 
genotyped for the Arg325Trp polymorphism; then, pancreatic islets were 
isolated and insulin secretion in response to 3.3 mmol/l glucose (G), 16.7 
mmol/l G, 3.3 mmol/l G plus 20 mmol/l arginine and 3.3 mmol/l G plus 100 
µmol/l glibenclamide was determined by the batch incubation technique (45 
min per stimulus). Finally, quantitative RT-PCR expression of ZnT-8, insulin 
and glucagon was assessed.
Results: Overall, 42 CC (51.2%), 36 CT (43.9%) and 4 TT (4.9%) samples 
were studied. When analyzed together, insulin release (µU/islet/min) was 
0.040±0.018 at 3.3 mmol/l G and increased to 0.136±0.090 at 16.7 mmol/l 
G (stimulation index, SI: 3.42±1.75), 0.112±0.067 at 3.3 mmol/l G plus ar-
ginine (SI: 2.83±1.67), and 0.127±0.087 at 3.3 mmol/l G plus glibenclamide 
(SI: 3.13±1.57). Whatever the experimental condition, the release of insulin 
was similar in the CC, CT and TT genotype groups. Islet expression (2-ΔCt) 
of ZnT-8 did not differ significantly between the CC (0.194±0.272, n:17), CT 
(0.119±0.171, n: 10) and TT (0.361±0,646, n: 4) genotypes. Furthermore, 
insulin and glucagon gene expressions were similar in the three genotypic 
groups. Interestingly, SLC30A8 expression was positively correlated with in-
sulin (r: 0.39, p=0.03) and glucagon (r: 0.80, p<0.001) expressions. Electron 
microscopy of islet cells was performed in 3 CC and 1 CT cases. In the pres-
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ence of the CT genotype, insulin granules ultrastructure appeared clearly dif-
ferent, with larger and less electrondense core; in addition, a lower amount of 
alpha-cells (< 5%) was observed.
Conclusion: In isolated human islets, the risk C allele of the Arg325Trp poly-
morphism does not affect ex-vivo insulin secretion and SLC30A8 expression. 
However, the Arg325Trp genotype may be associated with changes of insulin 
granules ultrastructure.
Supported by: EuroDia LSHM-CT-2006-518153 in the FP6 of the European 
Community

414
The granular zinc transporter SLC30A8 in beta cells is linked to changes 
in expression of enzymes involved in proinsulin conversion
L.M. Sheridan1, S. Sarkar1, R.M. O’Brien2, H.W. Davidson1, J.C. Hutton1; 
1Barbara Davis Center for Childhood Diabetes, University of Colorado-
Denver, Aurora, 2Molecular Physiology and Biophysics Department, 
Vanderbilt University Medical Center, Nashville, United States.

Objective: ZnT8, the product of the SLC30A8 gene, has been implicated in 
perturbing the processing of proinsulin in non-diabetic relatives of Type 2 di-
abetic subjects. The common non-synonymous SNP encoding a W>R change 
at position 325 in the c-terminus confers genetic risk of developing disease. 
Our aim was to investigate whether the differences in the zinc transport in 
MIN6 beta cells were affected by overexpression or suppression of ZnT8 and 
how this might impact prohormone processing and secretory granule bio-
genesis and secretion.
Methods: MIN6 cells adenovirally expressing either human ZnT8(R325) 
or ZnT8(W325) variants or subjected to siRNA knockdown of endogenous 
ZnT8 were analyzed via western blot for protein expression, and ELISA for 
insulin secretion. Zinc-sensitive BHK cells were used to assess ZnT8 zinc 
transport ability.
Results: ZnT8 reduces cytoplasmic zinc in zinc-sensitive BHK cells com-
pared to controls, but not as efficiently as the lysosomal ZnT2. Swapping the 
carboxyl terminus of ZnT2 with that of ZnT8 diminishes the zinc transport 
ability of ZnT2. siRNA knockdown of endogenous ZnT8 in MIN6 cells re-
sulted in a decreased expression of insulin processing enzymes PC1, PC2 and 
CPE. Conversely, overexpression of ZnT8 in MIN6 cells resulted an increased 
expression of PC1, PC2, and CPE. Glucose-stimulated insulin secretion is 
enhanced in ZnT8-overexpressing MIN6 cells.
Conclusion: Changes in levels of transcription including the diabetes-associ-
ated R allele impact upon the levels and presumably activity of pro-protein 
convertases and provide a possible explanation for differences in circulating 
proinsulin/insulin ratios in pre-diabetes.
Supported by: JDRF Postdoctoral Fellowship

415
Whole genome profiling approaches to understand the function of 
Math6 during endocrine cell differentiation
M. Ejarque1,2, G. Pujadas1,2, J. Altirriba1,2, L. Sanchez1,2, F. Lynn3, R. Gomis1,2, 
R. Gasa1,2; 
1IDIBAPS-Hospital Clínic, Barcelona, Spain, 2CIBERDEM, Barcelona, 
Spain, 3Diabetes Center, San Francisco, United States.

Background and aims: Basic helix-loop-helix (bHLH) transcription factors 
often function in cascades to regulate cell fate decisions and differentiation 
programs in numerous tissues. In the pancreatic endocrine cell lineage, neu-
rogenin3 (neurog3) turns on endocrine differentiation and activates neu-
roD1, which maintains the differentiation program. Another bHLH factor 
whose gene is induced by neurog3 is math6. We have recently shown that 
this factor is expressed in differentiating endocrine cells in the embryonic 
pancreas and, like neurog3, it is absent from mature islet cells. Math6 has a 
major non-redundant role in organismal development as demonstrated by 
early embryonic lethality of math6 knockout embryos. Yet, the precise func-
tion of math6 in pancreas formation remains elusive. This work aims to gain 
insight into the function of math6 in the endocrine transcriptional cascade 
through the identification of its gene targets.
Materials and methods: We have used math6 gain-of-function (ectopic ex-
pression) and loss-of-function (RNA interference) strategies in a neurog3-de-
pendent cellular model of endocrine differentiation using mouse pancreatic 
duct cells. The effects of overexpressing or silencing math6 on the expression 
profile of duct cells have been assessed using Affymetrix expression microar-
rays. 

Results: Overexpression of math6 alone has a minor impact on the transcrip-
tome of mouse duct cells (28 genes were significantly different from B-galac-
tosidase-expressing control cells), whereas concomitant expression of math6 
and neurog3 results in the inhibition of 11 neurog3 gene targets. In contrast, 
silencing of math6 during the differentiation process promoted by neurog3 
affects the expression of nearly 300 genes. Of these, 46% are also modulated 
by neurog3 and, remarkably, in many cases in an opposite way. Finally, gene 
ontology analysis of the identified math6 targets has revealed the potential 
involvement of this factor in the regulation of important developmental proc-
esses such as ubiquitination, chromatin remodelling and the wnt signalling 
pathway.
Conclusion: This study identifies for the first time a cohort of potential tar-
gets of math6 in the endocrine differentiation program. Remarkably, math6 
and neurog3 appear to exert opposite effects on specific gene locus, raising 
the possibility that math6 may act as a regulatory component of neurog3 
function. These data may be useful for the development of in vitro protocols 
for the generation of replacement beta cells for the treatment of diabetes.
Supported by: MICIN (BFU2005-06080), ACD (2007). M.E and G.P are recipi-
enst of IDIBAPS and FPI grant respectively
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Impact of c-Maf, one of the large Maf transcription factors, on pancreatic 
beta cell function
M. Yoshida1, T. Kondo1, Y. Hida2, N. Yoshioka1, T. Koike1; 
1Department of Medicine II, Hokkaido University Graduate School of 
Medicine, 2Department of Diabetes and Endocrinology, Tonan Hospital, 
Sapporo, Japan.

Background and aims: Beta-cell specific transcription factors, such as PDX-
1, BETA2, and MafA, play an important role in regulating insulin gene ex-
pression. MafA, a large-Maf factor, positively regulates insulin gene expres-
sion. We previously showed small-Maf factors (MafF, MafG and MafK), that 
lack an N-terminal transactivation domain present in the large-Maf factors, 
are also expressed in beta cells and thus, can function as a negative regulator 
of insulin gene expression. These observations suggest that both large- and 
small-Maf factors are important for the regulation of insulin gene expression 
through Maf Response Element (MARE) on insulin promoter. c-Maf, one 
of the large-Maf transcription factors, is reported to be expressed in helper 
T cell, chondrocyte, and lens, and involved in the differenciation of these 
cells. Recent studies have reported that not only MafA but also c-Maf was 
expressed in adult pancreatic beta-cells and could positively regulate insulin 
expression. However, physiological roles of c-Maf in pancreatic beta-cells is 
not known. To investigate the effect of c-Maf on insulin gene expression and 
the underlying mechanisms by which c-Maf expression is regulated in re-
sponse to glucotoxicity, lipotoxicity, and oxidative stress in beta-cells.
Methods and results: Experiment 1): MIN6 cells, a mouse beta-cell line, 
were cultured and transfected with mouse c-Maf siRNA by lipofection. Con-
trol siRNA was used as negative control. Western blot analysis, real-time RT-
PCR, and reporter assay using insulin promoter:luciferase reporter construct 
were performed to evaluate both cMaf mRNA and protein levels and to ex-
amine the effect on insulin promoter activity. Knockdown of c-Maf in MIN6 
cells resulted in significant reduction of c-Maf, but not MafA, mRNA and 
protein levels and concomitant repression of insulin gene. Experiment 2): To 
investigate the impact of glucotoxicity, lipotoxicity, and oxidative stress on 
c-Maf expression in beta-cells, MIN6 cells were cultured in different concen-
trations of glucose, with palmitate or with tert-butyl hydroperoxide (tBHP). 
c-Maf expression was increased under lipotoxic condition. Experiment 3): 
To evaluate c-Maf expression in vivo, C57BL/6 mice were fed normal diet 
(ND) or high-fat diet (HFD) from 5 weeks of age. At 12 weeks of age, serum 
levels of total cholesterol, triglycerides (TG), free fatty acid (FFA), insulin and 
blood glucose level were analyzed. Islets were isolated and lysed for western 
blotting. Pancreatic sections were obtained for immunohistochemistry. Feed-
ing HFD resulted in higher levels of TG, FFA, insulin and blood glucose, and 
increased beta-cell mass. cMaf expression level was unchanged, while MafA 
expression in a HFD group was significantly increased.
Conclusion: These data clearly demonstrate that c-Maf has an impact on in-
sulin gene expression in beta-cells and reduction in c-Maf expression may 
cause beta-cell dysfunction. However, further studies are necessary for eluci-
dation of the physiological roles in vivo.
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417
Posttranslational modifications of Pax6 and Pax6(5a) in pancreatic beta 
cells
G. Wolf, A. Karkour, A. Ostmann, J. Seidel, R. Walther; 
Department of Medical Biochemistry and Molecular Biology, University of 
Greifswald, Germany.

Background and aims: Pax6 is an important transcription factor of the glu-
cagon gene expression in pancreatic alpha cells, while in beta cells the in-
fluence of Pax6 on insulin gene expression is discussed controversially. We 
identified Pax6 as an inhibitor on the rat insulin gene 2 promoter. However 
the impact of Pax6(5a), an alternative splice product, is still unclear. In vitro 
both Pax6 isoforms are phosphorylated by CaMK2 at S122 and CK2 at S206. 
Using starved and high glucose conditions we further studied posttransla-
tional modifications by kinases and glycosyl-transferases of both isoforms in 
pancreatic beta cells.
Materials and methods: Microscopical and reporter gene analyses with over-
expressed wild type or mutated (YFP-)Pax6 and (YFP-)Pax6(5a) were done to 
study their intracellular localization and effects on insulin gene expression in 
dependence on glucose. Glycosylation of both isoforms was investigated us-
ing specific antibodies after immunoprecipitations and Western Blots. Stably 
transfected BRIN-BD11 cells overexpressing siRNA against Pax6 transactiva-
tion domain or exon 5a were generated to verify the inhibitory actions of 
Pax6 in pancreatic beta cells using northern blots and radioimmunoassays.
Results: Co-Immunprecipitations confirmed a direct interaction between 
CK2 or CaMK2 and Pax6. CaMK2-phosphorylation site S122 was very sensi-
tive to mutations, while mutation of S206 showed no effects on intracellular 
translocation and insulin gene expression. Glycosylation of Pax6 was only 
detectable in cells after glucose deprivation. Both constructs of siRNA dimin-
ished Pax6 expression and effects.
Conclusion: Pax6 and Pax6(5a) are posttranslational modified by phosphor-
ylation and glycosylation which may modulate their functional activities.

418
Pax6 is crucial for beta cell functions and represents a component of 
glucose action on insulin biosynthesis and secretion
Y. Gosmain, L. S.Katz, A. Guérardel, J. Philippe; 
Endocrinology/Diabetologia, HCUGE-Hopital Cantonal de Genève, 
Geneva, Switzerland.

Background and aims: Pax6 is a paired box homeodomain protein expressed 
in all cells of the endocrine pancreas during development and in the adult 
stage. We previously demonstrated that Pax6 exerts a major role in glucagon 
gene transcription and more widely in α-cell differentiation and functions. 
Pax6 is also involved in β-cell development. Inasmuch as specific knock-out 
for Pax6 in β-cells of mice leads to a marked decrease in insulin levels and 
diabetes. In humans, Pax6 heterozygous mutations are also associated with 
diabetes mellitus.To better understand the role of Pax6 in the differentiation 
and function of β-cells, we investigated the transcriptional network of Pax6 in 
HIT insulin-producing cells through a candidate gene approach study.
Materials and methods: We developed two Pax6-deficient models, a partial 
knock-down with specific siRNA and selected clones expressing a dominant 
negative form of Pax6 in HIT cells. We also investigated the effect of glucose 
on Pax6 gene expression in isolated rat islets.
Results: In both models, insulin gene expression was decreased by 50 %, re-
flecting the important role of Pax6 in insulin gene transcription. In addition to 
the insulin gene, we report that Pax6 deficiency in β-cells led to a significant 
decrease of Pdx1, Isl1, c-Maf and Sox4 mRNA levels which are all critical for 
β-cell differentiation and functions. Furthermore, we also identified several 
new Pax6 target-genes coding for key proteins involved in glucose metabolism 
and insulin biosynthesis among them glucokinase (GK), the insulin receptor 
(IR), the glucose transporter (GluT2) and the fatty-acids receptor GPR40. We 
further show that Pax6 controls directly or indirectly the promoter activities 
of these genes in insulin-producing cells.As Pax6 is involved in the control of 
several genes implicated in insulin biosynthesis and secretion, we examined 
whether Pax6 might be regulated by glucose in rat islets. We found that high 
glucose increases Pax6 mRNA levels 2-fold compared to low glucose.
Conclusion: We conclude that Pax6 regulates key genes involved in insulin 
biosynthesis and secretion and that Pax6 itself is regulated by glucose. These 
results underline the multiple steps at which glucose affects β-cell function 
and the critical role of Pax6 in this regulation.
Supported by: Swiss National Science Foundation

419
Islet Brain 1 controls insulin secretion by maintaining the contents of 
annexin A2
N. Beeler1,2, M. Ferdaoussi1,2, J.-Y. Chatton1,3, G. Niederhäuser1,2,  
B. Riederer1,4, R. Regazzi1, G. Waeber2, A. Abderrahmani1,2; 
1Department of Cell Biology and Morphology, 2Service of Internal Medicine, 
Centre Hospitalier Universitaire Vaudoise-University of Lausanne, 3Cellular 
Imaging Facility, 4Center for Psychiatric Neuroscience, Proteomics Unit, 
CHUV, CERY, Prilly-Lausanne, Switzerland.

Background and aims: Islet Brain 1 (IB1) plays a key role in the beneficial 
effects of the long acting agonist of the glucagon-like peptide 1 receptor exen-
din 4 (ex-4) on pancreatic beta cells. IB1 is rather recognized as an inhibitor 
of the c-Jun N terminal Kinases (JNK) pathway in pancreatic beta cells and 
thereby, prevents inhibition of insulin expression and apoptosis induced by 
stress-activated JNK pathway. Several lines of evidence support an additional 
role for IB1 in beta cells as a regulator of insulin secretion. First, induction of 
IB1 expression parallels the stimulatory effects of ex-4 on insulin secretion. 
Second, impairment of IB1 dimerization diminishes glucose-induced insulin 
secretion. In the latter case, the loss of secretion is not linked to activation 
of the JNK pathway and subsequent apoptosis, suggesting that IB1 controls 
insulin secretion through a JNK-independent mechanism. The goal of this 
study was to clarify the role of IB1 in the control of insulin secretion.
Materials and methods: The short hairpin RNAs (shRNAs) directed against 
IB1 or scrambled shRNA were either cloned into plasmids or lentiviral vec-
tors. Insulin secretion elicited by various secretagogues (glucose, KCl, IBMX 
and forskolin) was monitored by measuring either the release of insulin by 
the EIA kit (Spi-Bio) or by ELISA (Roche). mRNA and protein levels were as-
sessed by quantitative real-time PCR and western blotting respectively. Pro-
teomic analysis was performed by 2D-gel electrophoresis followed by protein 
sequencing. Calcium influx was measured by fluorescence microscopy.
Results: Suppressing IB1 expression markedly reduced glucose-induced in-
sulin secretion in INS-1E, MIN6 and isolated rat islets. This effect was specific 
since the introduction of an IB1-encoding plasmid, resistant to shRNA, re-
stored the capacity of the cells to secrete in response to glucose. Diminution 
in IB1 contents did not affect calcium influx but still impaired secretion in 
response to KCl, suggesting a defect in exocytosis. We then assessed whether 
activation of the JNK pathway could mediate the loss of this beta cell task. 
Co-treatment of the cells with either the JNK inhibitor peptide or the JNK 
catalytic activity inhibitor SP600125 did not prevent loss of insulin secretion 
evoked by silencing of IB1 expression. Proteomic analysis revealed a drastic 
reduction in the protein content of annexin A2 (Anxa2), a calcium-depend-
ent phospholipid binding protein that regulates exocytosis of neuroendocrine 
cells. Suppression of Anxa2 in insulin-secreting cells with interference RNA 
impaired nutrients-induced hormone release, thus mimicking the effects of 
IB1 silencing.
Conclusion: IB1 is required for the control of nutrients-stimulated insu-
lin secretion. This IB1-dependent function relies on the adequate levels of 
Anx2A.
Supported by: an SNF grant

420
Effects of nitric oxide on Cap-dependent and Cap-independent insulin 
biosynthesis in human islets
R.G. Fred, N. Welsh; 
Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Although insulin biosynthesis has been extensively 
studied, most of the work has been done in rodent islets. Due to the signifi-
cant differences between rodent and human islets in islet structure, beta cell 
content and sensitivity to cytokines and stress, there might also be differences 
in the regulation of insulin biosynthesis. Based on the idea that polypyrimi-
dine protein 1 (PTBP1) upon binding to the insulin mRNA 5’-UTR could 
induce cap-independent translation of insulin and that such a mechanism 
would uphold insulin production during cellular stress, we wanted to inves-
tigate both if insulin could be translated in a cap-independent manner and 
how nitric oxide induced cellular stress would affect the insulin mRNA trans-
lation.
Materials and methods: The affinity of PTBP1 to the human insulin mRNA 
5’-UTR was measured using cytoplasmic extracts from human islets incu-
bated in either 1.67 or 16.7 mM glucose for 2 hours w/wo 2.5 mM DETA/NO 
(a nitric oxide donor). These cytoplasmic extracts was then incubated with 
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biotinylated RNA oligonucleotides corresponding to the insulin mRNA 5’-
UTR. The sequence specific proteins were then eluted, using dynabeads, and 
separated on SDS-PAGE for immunoblotting. Insulin biosynthesis was esti-
mated by measuring the incorporation of L-[3,4,5-3H] leucine into insulin 
of 20 islets incubated for 2 h in KRBH. For the different experimental groups 
1.67 or 16.7 mM glucose was added either in presence or absence of 1 mM 
DETA/NO and 0.1, 1.0, 10 mM hippuristanol (an eIF4A inhibitor that spe-
cifically inhibits cap-dependent translation). Labeled islet insulin was immu-
noprecipitated using guinea pig anti-insulin serum and protein A-sepharose 
while total protein was precipitated using trichloroacetic acid.
Results: The PTB pulldown experiments using RNA oligonucleotides cor-
responding to either the first 29 or the following 30 nucleotides of the 5’-UTR 
sequence clearly showed that PTB binds specifically to the second part of 
the insulin mRNA 5’-UTR. The insulin biosynthesis data show that a very 
high proportion of the insulin mRNA translation (93%) is cap-dependent at 
a high glucose concentration, but also that part of the insulin biosynthesis 
takes place through a cap-independent mechanism. Furthermore, DETA/NO 
treatment significantly decreased the translation of insulin by 83% and to-
tal protein biosynthesis by 73%. By expressing insulin biosynthesis as a per-
centage of total protein biosynthesis we observed that the percentage insulin 
biosynthesis was lower in DETA/NO treated islets than in control islets. In 
addition, DETA/NO-induced inhibition of insulin biosynthesis was less pro-
nounced in the presence of hippuristanol. In low glucose, however, DETA/
NO did not decrease insulin biosynthesis in relation to total protein.
Conclusion: Our studies shows that PTBP1 binds to the insulin mRNA 5’-
UTR in vitro. The main bulk of the insulin synthesis occurs via cap-depend-
ent translation and this process is preferentially inhibited by NO. We also 
show that cap-independent insulin translation occurs and that this event is to 
a lesser extent affected by NO. It is tempting to speculate that PTBP1 binding 
to insulin mRNA maintains a basal rate of insulin biosynthesis at conditions 
of low glucose or cellular stress.
Supported by: The Swedish Research Council, the Swedish Diabetes Association, 
the Family Ernfors Fund and Novo Nordisk
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Pancreatic duodenum homeobox-1 (PDX1) is phosphorylated in living 
pancreatic beta cells (MIN6) at serine 269
F. Semplici1, R. An1, G. daSilvaXavier1, F. Meggio2, M. Pagano2, L.A. Pinna2, 
G.A. Rutter1; 
1Section of Cell Biology, Division of Medicine, Imperial College, London, 
United Kingdom, 2Biological Chemistry, University of Padova, Italy.

Background and aims: Pancreatic duodenum homeobox-1 (PDX1) is 
a crucial regulator of pancreatic development and mature β-cell func-
tion. At present, the molecular mechanisms, including post-translational 
modification(s), through which PDX1 nuclear uptake and DNA binding ac-
tivity are regulated are poorly understood. In order to identify physiologically 
relevant phosphorylation sites for PDX1 we have undertaken phospho-pro-
teomic analysis of the protein over-expressed in clonal β-cells.
Materials and methods: An adenovirus expressing wild type c-myc-tagged 
PDX1 was generated for infection and expression of pancreatic β-cell lines. 
PDX1 protein was immunoprecipitated from infected β-cells with an anti-c-
myc antibody and separated on SDS-PAGE. A PDX1-containing band was 
identified and subjected to mass spectrometry for phosphorylation site map-
ping. A phospho-specific antibody was accordingly generated and validated.
Results: We revealed by mass spectrometric analysis of PDX1 expressed in 
INS1 (832/13) β-cells that Ser269 is a novel in vivo PDX1 phosphorylation 
site. Therefore we generated a phosphospecific antibody against phopsho-
Ser269 and we used it to confirm further in MIN6 cells and in mouse is-
lets that PDX1 is effectively phosphorylated in vivo. Wild type c-myc-tagged 
PDX1-expressing adenovirus was mutagenized to replace Ser269 either 
with an alanine, to produce a dephosphomimetic S269A mutant, or with a 
glutamic acid, producing a phosphomimetic S269E mutant. MIN6 cells were 
infected with either PDX1 wild type or the mutants and immunostained with 
anti-c-myc antibody. Whereas in response to an increase (3-30mM) in glu-
cose concentration both the wild type and the S269A mutant translocated 
from the nuclear periphery to the nucleoplasm, the phosphomimetic S269E 
mutant localized preferentially to the nuclear periphery at both glucose con-
centrations. 35S-Met/Cys pulse-chase analysis revealed that neither S269E nor 
S269A mutations displayed altered protein stability. Homeodomain Interact-
ing Protein Kinase 2 (HIPK2) has recently been reported to be expressed in 
pancreatic endocrine cells and to directly phosphorylate the C-terminal do-
main of PDX1, which contains two potential phosphorylation sites that meet 

HIPK2 requirements: threonine214-proline (Thr214), and serine269-proline 

(Ser269). Hence, we postulated that this latter serine residue may be a specific 
target for HIPK2: indeed, the antiphospho-Ser269 antibody recognized re-
combinant PDX1 after it was subjected to in vitro phosphorylation by HIPK2 
but not by several other kinases.
Conclusion: We demonstrate that Serine 269 is phosphorylated in living 
clonal pancreatic β-cells. We observed that a phosphomimetic S269E mutant 
of PDX1 failed to respond to glucose with translocation from the nuclear pe-
riphery to nucleoplasm. We identified HIPK2 as the most likely responsible 
kinase for phosphorylation at Ser269. Further investigations will be necessary 
to establish the physiological significance of this newly reported post transla-
tional modification of PDX1.
Supported by: NIH (RO1 DK071962-01), Wellcome Trust (067081/Z/02/
Z,081958/Z/07/Z), MRC (G0401641), EU FP6 (SaveBeta) and ORSAS PhD 
Studentship

422
Conditional overexpression of Pax4 in pancreatic beta cells protects mice 
from developing streptozotocin-induced diabetes
K. Hu He, D. Aeberhard, P. Meda, B.R. Gauthier; 
Physiology and metabolism, University Medical Center, Geneva, Switzerland.

Background and aims: We have previously shown that the forced expression 
of the diabetes-linked transcription factor Pax4 is crucial for islet beta-cell 
proliferation and survival in vitro. We have now generated the first animal 
model in which Pax4 expression can be specifically induced in beta-cells, al-
lowing us to determine the protective role of Pax4, by challenging animals 
with streptozotocin, to induce a rapid and sustained hyperglycaemic state.
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Material and methods: We generated two transgenic mouse lines harbour-
ing either the wild type mouse Pax4 (mPax4WT) or a Type 2 diabetes-associ-
ated variant (mPax4R129W), under control of a doxycycline (DOX) induc-
ible TRE-CMV promoter. Transgenic Pax4 animals were then bred to the Rat 
Insulin Promoter-Reverse Tetracycline Transactivator (RIP-rtTA) transgenic 
mouse line to restrict transgene expression to beta-cells. Pax4 expression and 
localization were determined by QT-PCR and immunohistochemistry re-
spectively. Double transgenic animals were continuously given 1 g/L DOX in 
the drinking water and challenged once with 200 mg/Kg streptozotocin i.p., 
an agent that causes massive beta-cell death.
Results: QT-PCR revealed a 14.7 ± 6.5 fold increase in mPax4 mRNA levels 
in isolated islets from DOX-treated animals, as compared to those of control 
untreated animals. No expression was detected in other organs. Immunohis-
tochemistry of pancreas sections confirmed Pax4 expression only in beta-
cells of mice treated with DOX. Double transgenic animals exhibited normal 
glucose tolerance and insulin sensitivity, indicating that Pax4 expression did 
not alter glucose metabolism. Streptozotocin treated control animals devel-
oped a severe hyperglycaemia (n=9, 22.2 ± 2.1 mmol/L glucose) whereas 
double transgenic animals expressing Pax4WT maintained normal blood 
glucose (n=10, 8.17 ± 0.47 mmol/L glucose P < 0.001). Double transgenic 
animals expressing Pax4R129W developed an intermediate hyperglycaemia 
(n=6, 15.2 ± 3.5 mmol/L glucose). Immunofluorescence staining of sections 
of pancreas sampled 1 month after the streptozotocin treatment revealed 
a massive decrease in the number of beta-cells in control animals whereas 
Pax4WT overexpressing animals sustained a normal beta-cell mass.
Conclusion: When pancreatic beta-cells are challenged by a pharmacological 
insult such as streptozotocin, overexpression of Pax4WT confers increased 
protection against apoptosis to beta-cells, thus preventing the development 
of a hyperglycaemic state.
Supported by: Swiss National Science Foundation; NovoNordisk Fellowship

423
Regulation of the wnt signalling pathway by endocrine differentiation 
bHLH factors
G. Pujadas1,2, M. Ejarque1,2, L. Sánchez1,2, J. Altirriba1,2, R. Gomis1,2,  
R. Gasa1,2; 
1Laboratori de Diabetis i Obesitat, Institut d’investigacions Biomèdiques 
August Pi i Sunyer (IDIBAPS), 2CIBER de Diabetes y Enfermedades 
Metabólicas Asociadas (CIBERDEM), Barcelona, Spain.

Background and aims: In the embryonic pancreas, the atonal-related bHLH 
gene neurogenin3 (ngn3) initiates the differentiation program that culmi-
nates in the formation of the endocrine cells of the islets of Langerhans. One 
of the genes activated by ngn3 is the gene for the bHLH factor math6. Math6 
is expressed in ngn3+ endocrine progenitors and, like ngn3, is absent from 
differentiated endocrine cells. However, the specific role of math6 in the en-
docrine cascade is unknown. Using expression microarrays, we identified 
several genes related to the wingless (wnt) signalling pathway whose expres-
sion is modulated by a siRNA specific for math6 (simath6) in ngn3-express-
ing duct cells. These data raised the hypothesis that math6 may regulate this 
pathway during endocrine differentiation. However, while it is well estab-
lished that activation of the canonical wnt/b-catenin pathway is needed for 
proper growth and progenitor proliferation in the embryonic pancreas, the 
involvement of wnt signals in the differentiation of the endocrine cell lineage 
remains controversial. Here, we have aimed at dissecting the potential link 
between endocrine differentiation bHLH factors, namely ngn3 and math6, 
and the wnt signalling pathway.
Material and methods: Overexpression and RNA interference using recom-
binant adenoviruses in mouse pancreatic duct cells. Gene expression profiles 
by Affymetrix. Gene expression quantitation by real time PCR. TOP-FLASH 
luciferase reporter system for measurement of canonical wnt activity.
Results: Microarray analysis reveals that knock-down of math6 activation 
by ngn3 results in significant changes in the expression of genes coding for 
several components of the wnt signalling pathway, including ligands, modu-
lators, effectors and targets in duct cells. Likewise, microarray analysis has 
shown that ectopic expression of ngn3 alone promotes changes in the expres-
sion of a number of wnt-related genes in the same cellular context. Differen-
tial expression has been confirmed by real time PCR. Some of the identified 
genes are regulated by both ngn3 and simath6 (wnt9a, bambi, igfbp4, cfos, 
tmem46 etc) whereas others are modulated by ngn3 alone (wnt7b, dkk1) or 
by simath6 alone (TCF7L2). It is noteworthy that math6 and ngn3 appear to 
exert opposite effects on the expression of many of the identified common 
gene targets, suggesting that these factors counter-regulate each other. In this 

regard, we demonstrate that ngn3 activates while math6 inhibits the activity 
of the canonical wnt activity as measured with a TCF-dependent luciferase 
reporter system. To this date, we have confirmed expression of all the identi-
fied genes in the embryonic pancreas at the time of endocrine cell differentia-
tion. On-going work in the lab is aimed at understanding the molecular bases 
for the regulation of the activity of this pathway by ngn3 and math6.
Conclusion: Altogether, this work supports the existence of a link between 
endocrine bHLH factors and the wnt signalling pathway and points to the 
need of reassessing whether wnt signals participate in endocrine cell fate de-
cisions during pancreatic organogenesis.
Supported by: MICIN (BFU2005-06080), ACD (2007). G.P and M.E are recipi-
ent of FPI and IDIBAPS grant respectively

424
Wnt/Klotho interaction regulates the proliferation of pancreatic beta 
cells
S. Schinner, F. Ülgen, W.A. Scherbaum; 
Endocrinology, University Hospital Düsseldorf, Germany.

Background and aims: Acute stimulation with Wnt-agonists induces beta-
cell proliferation and insulin secretion. However, in fibroblasts chronic Wnt-
stimulation represses cell proliferation and induces cellular aging. Klotho is 
a regulator of aging and has recently been identified as an extracellular Wnt-
antagonist. The expression and function of klotho in pancreatic beta-cells is 
not known. Therefore, we investigated the effect of chronic Wnt-stimulation 
and the role of klotho on the proliferation of insulin-producing cells.
Materials and methods: Transient transfections of insulin-producing Ins-
1 cells with a Wnt-reporter gene (TOPFLASH). Isolation, culture, mRNA-
and protein extraction of primary murine beta-cells. PCR and Western Blot 
analysis of Ins-1 and primary beta-cells. Proliferation assays (3H-thymidine 
uptake). Immunohistochemistry of pancreata of wildtype and NZO (New-
Zealand Obese) mice.
Results: We found klotho to act as an antagonist of canonical Wnt-signaling 
in Ins-1 beta-cells as recombinant klotho inhibited Wnt-mediated transcrip-
tion (TOPFLASH reporter gene). In primary murine beta-cells we detected 
klotho expression on the mRNA and protein level. An obese pre-diabetic 
mouse model (NZO mice) showed an increase in the expression of Wnt4 
and a decrease in the expression of klotho in pancreatic islets as compared to 
wildtype mice (assessed by immunohistochemistry). On the functional level, 
we found acute (24h) stimulation of Ins-1 cells wíth recombinant Wnt3a 
protein to induce beta-cell proliferation (129%; p<0.001) according to our 
previous findings. However, chronic Wnt-stimulation over 35 days repressed 
the proliferation of Ins-1 cells almost completely (to 18% as compared to un-
treated controls; p<0.05). The proliferation was restored by co-stimulation 
with klotho in addition to Wnt3a to 136% (p<0.001). 
Conclusion: These data demonstrate the expression of endogenous Wnts and 
klotho in pancreatic beta-cells and their differential regulation in a pre-dia-
betic mouse model. Here we show that chronic Wnt-stimulation represses 
beta-cell proliferation and that klotho acts as a survival factor, suggesting 
that the Wnt/klotho interaction acts as a long-term regulator of the beta-cell 
mass.

425
β-catenin as a novel glucose-sensor in INS1E beta cells
E. Cognard, P.R. Shepherd; 
Molecular Medicine and Pathology, University of Auckland, New Zealand.

Background and aims: Canonical Wnt signaling is a key feature of growth, 
differentiation and metabolism. Previous studies have already shown that the 
Wnt/ β-catenin pathway induces proliferation and insulin secretion in β-cells 
and can increase glucose-induced insulin secretion. In an earlier study, we 
have demonstrated that changes in glucose levels can acutely regulate the lev-
els of β-catenin, in different cell lines and also in vivo, as β-catenin levels are 
increased in insulin sensitive tissues (liver, adipose tissue, skeletal muscle) 
of diabetic rats (unpublished data). Glucose-induced β-catenin increase in-
volves autocrine Wnt activation and N-linked glycosylation. In our current 
study, we investigate the effect of glucose on the Wnt/ β-catenin pathway in a 
pancreatic β-cell line to see if these insulin-secreting cells respond to glucose 
in the same way as the insulin-sensitive tissues.
Materials and methods: As a model of β-cells, we use glucose-responsive and 
insulin-secreting INS1E cells. To explore the mechanisms, we treat INS1E β-
cells with different kind of drugs, such as insulin secretion supressors, Hex-
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osamine Biosynthesis Pathway (HBP) inhibitors, Wnt agonist or inhibitors, 
and also Wnt-conditioned-medium.
Results: Our most significant finding is that glucose itself increases β-catenin 
levels in INS1E β-cells. More precisely, glucose induces β-catenin transloca-
tion to the nucleus and the transcription of β-catenin target genes, such as 
CyclinD1. The Hexosamine Biosynthesis Pathway (HBP) is also involved as 
glucosamine can mimic the effect of glucose on β-catenin in INS1E cells. To 
check a potential autocrine Wnt activation, we looked at phosphorylation 
of Wnt-co-receptor LRP6 (low density lipoprotein receptor-related protein 
6). We observed that in response to glucose, LRP6 phosphorylation is also 
increased in INS1E β-cells. Finally insulin secretion does not seem to be re-
sponsible for β-catenin stabilization as its inhibition in high or low glucose 
conditions does not affect β-catenin levels.
Conclusion: In this study, we present a new mechanism for pancreatic β-cells 
to sense glucose levels. Glucose increase stabilizes β-catenin and induces the 
canonical Wnt/β-catenin pathway via autocrine activation. This mechanism 
involves the HBP pathway but not insulin secretion. Taken together, these 
findings suggest that glucose-induced β-catenin increase occurs in insulin-
secreting cells as observed in insulin-sensitive tissues such as skeletal muscle 
and liver. We will now focus on the precise mechanism leading glucose to 
activate Wnt/β-catenin pathway in β-cells and to regulate energy consump-
tion and metabolism. The current findings establish β-catenin as a promising 
new sensor of energy availability within cells that regulate glucose levels in 
the whole body through insulin secretion.
Supported by: Health Research Council of New Zealand

426
Signalling in islets isolated from individuals with type 2 diabetes mellitus
P. Bergsten1, H.K. Nyblom1, M. Bugliani2, E. Fung3, U. Boggi2, P. Marchetti2, 
R. Zubarev3; 
1Department of Medical Cell Biology, Uppsala University, Sweden, 
2Department of Endocrinology and Metabolism, University of Pisa, Italy, 
3Department of Cell and Molecular Biology, Uppsala University, Sweden.

Background and aims: Type 2 diabetes mellitus (T2DM) is connected with 
β-cell failure. Cellular mechanisms responsible for this development have 
been proposed. The scarcity of human islets in general and islets from T2DM 
individuals in particular have led to that most studies addressing the T2DM 
islet pathophysiology have been conducted in animal or cellular models of 
the disease. We have optimized a gel- and label-free tandem mass spectrome-
try approach to generate protein expression data sets from approximately 100 
islets. The aim was to use this approach to protein profile islets from T2DM 
and control individuals and analyze the expression data sets for changes in 
pathway signaling in T2DM islet.
Materials and methods: Islets were isolated from five T2DM and ten age- and 
weight-matched control individuals. Approximately 30 islets per donor were 
handpicked directly after isolation. Islets from the T2DM and control donors 
were pooled into two separate samples. From one T2DM individual approxi-
mately 150 islets were obtained which allowed that a separate sample and a 
matching control sample was prepared. Sample proteins were extracted and 
digested by trypsin. Generated peptides were separated by nano-liquid chro-
matography followed by mass determination by Fourier transform ion cyclo-
tron mass spectrometry. Peptides were identified by comparing MS/MS data 
with the IPI Human database using the Mascot search engine. Identified pro-
teins were mapped on known signaling networks using the databases TRANS-
PATH and TRANSFAC and analyzed for differential pathway activation.
Results: In samples from pooled T2DM and control islets the number of 
identified non-identical peptides was 2135 corresponding to 837 proteins. 
The data sets were analyzed for differential pathway signaling activation. In 
T2DM islets several pathways controlling β-cell arrest and apoptosis (p53, 
caspase, stress-associated, Apo2L/TRAIL) were activated. Pathways control-
ling islet regeneration and proliferation were both activated (E2F, EGF, PLK1, 
parkin associated) and inactivated (insulin, PRL, PDGF, mTOR, OSM). In 
addition, pathways involved in immunological responses were activated (Fas, 
RANKL and TLR3) and inactivated (IFN, LPS, TCR, BCR) in T2DM islets. 
Expression data sets were also generated from one T2DM and one control in-
dividual. Analysis of differential pathway activation of islets from this T2DM 
individual, who had accentuated functional impairment, revealed that sev-
eral pathways of proliferation and immunological response were altered. In 
contrast, pathways of apoptosis and cell arrest were essentially the same.
Conclusion: Information about how signaling of specific pathway are altered 
in islets from T2DM individuals, once verified and validated, may be used to 
compare with and validate altered signaling in animal and cellular models of 

the disease. The differential signaling observed in T2DM islet may open for 
new ways of developing strategies aiming at maintaining or restoring islet 
function and survival in individuals with T2DM.
Supported by: an EFSD/Novo Nordisk grant, Swedish Medical Research Council 
and Swedish Diabetes Association

427
The protein tyrosine phosphatase, PTP-BL, interacts with the Wnt 
signalling pathway to regulate cell proliferation in INS-1 cells
A.R. Oknianska, H.J. Welters, N.G. Morgan; 
Institute of Biomedical and Clinical Science, Peninsula Medical School, 
Plymouth, United Kingdom.

Introduction: The multifunctional protein tyrosine phosphatase, PTP-BL, 
has been shown recently to regulate pancreatic β-cell proliferation by inter-
acting with components of the Wnt signalling pathway, resulting in altered 
β-catenin levels. Β-catenin exists in various cellular pools and can also be 
present in active and inactive forms but the effects of altered expression of 
PTP-BL on the various pools of β-catenin and its activation state have not 
been characterised. Therefore, changes in the localisation and activation of β-
catenin have been studied in the present work, after treatment of β-cells with 
activators of Wnt signalling and following induction of PTP-BL expression.
Methods: The rat β cell line INS-1 was used to generate clones stably express-
ing either wild type (WT) PTP-BL or a tyrosine phosphatase deficient mutant 
(PTP-BL-CS) under the control of an inducible promoter. INS-1 cells were 
grown to 80-90% confluence and treated with either purified Wnt3a, a low 
molecualr weight synthetic Wnt agonist (2-Amino-4-(3,4-(methylenedioxy
)benzylamino)-6-(3-methoxyphenyl)pirimidine) and/or the Wnt co-ligand, 
R-spondin-1, to activate Wnt signalling. In some experiments, Exendin-4 was 
also used as this has been reported to regulate β-catenin responsive genes in 
β-cells. Whole cell protein extracts were analysed by Western blotting with 
anti-total β-catenin and anti-active β-catenin antibodies and with antibodies 
against Cyclin-D1. Subcellular fractionation of the cells was also performed 
to reveal the distribution of PTP-BL, total β-catenin and active β-catenin.
Results: Conditional expression of PTP-BL and PTP-BL-CS in INS-1 cells 
was confirmed by Western blotting. Induction of WT PTP-BL decreased the 
amount of active β-catenin in unstimulated INS-1 cells and it also antago-
nised the rise caused by Wnt 3a, Wnt3a+ R-spondin 1 or Exendin-4. These ef-
fects were not seen with the phosphatase deficient mutant, PTP-BL-CS. Sur-
prisingly, although INS-1 cell growth was attenuated by induction of PTP-BL 
(uninduced: 0.30±0.02 A490 units at 72h; induced: 0.14±0.01 units; (p<0.001)) 
the increase in cyclin D1 caused by Wnt3a or Exendin-4 was not reduced 
following induction of PTB-BL. Thus, the attenuation in proliferation was 
apparently not mediated via Cyclin-D1. In unstimulated INS-1 cells, active 
β-catenin was found mainly in the nuclear and cytoskeletal fractions. Active 
β-catenin was also seen in the nucleus and cytoskeleton of the cells over-ex-
pressing PTP-BL and, additionally, it accumulated in the membrane fraction 
under these conditions.
Conclusion: The protein tyrosine phosphatase, PTP-BL, regulates the Wnt 
signalling pathway by modulating active β-catenin levels in pancreatic β cells 
but the attendant attenuation of cell proliferation appears to be independent 
of changes in cyclin-D1 expression.
Supported by: Diabetes UK

428
Evaluation of histology pattern recognition and color deconvolution 
image analysis of beta cell and islet area
K.L. Lillard-Wetherell; 
Aperio Technologies, Vista, United States.

Background and aims: The etiology of diabetes varies and there are a number 
of rodent models which mimic type 1 (T1D) and type 2 (T2D) forms of the 
disease. Evidence indicates that reduced functional beta-cell mass underlies 
insulin insufficiency in both conditions; thus, new therapies are increasingly 
being targeted towards the restoration or preservation of beta cell mass. In 
order for rodent models to be useful for the evaluation of new therapies, islet 
morphology and insulin positive area (beta cell area) need to be well charac-
terized using histological approaches. Manual morphometric approaches can 
be tedious and time-intensive; therefore, most labs are now calculating beta 
cell area using immunohistochemistry (IHC) with an insulin antibody and 
image analysis using color separation to estimate insulin stained area. The 
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objective of the current study is to analyze results for beta cell & islet area 
using manual morphometry, color separation, and histology pattern recogni-
tion image analysis.
Materials and methods: Analysis was performed on an established T2D 
mouse model, Tallyho (TH), and age, gender-matched control mice. Rep-
resentative pancreatic sections from six TH and six wild-type animals were 
compared. Two parameters were analyzed, insulin positive area and total islet 
area. Pancreas sections were processed for histology using hematoxylin and 
eosin (H&E) or an insulin antibody, detected by DAB. Whole slide images 
were captured using an Aperio Scanscope and were analyzed with Image-
Scope tools and algorithms. Histology pattern recognition was accomplished 
using a genetic algorithm which uses multiple features, such as color, shape, 
cell morphology, and staining texture, to separate tissue into “classes”.
Results: We report strong concordance between results obtained with histol-
ogy pattern recognition and manual morphometry for both beta cell area and 
islet area. There was no significant difference in beta cell area calculated using 
the two methods. While color separation showed similar trending, the values 
for beta cell area were much higher than those obtained with either manual 
morphometry or histology pattern recognition (2-6% vs. 0-2% for other 
methodologies). Presumably, this increase is due to presence of background 
IHC staining which is inadequately removed by thresholding; therefore, it is 
included as positive area in the data.
Conclusion: These results suggest that automated histology pattern recogni-
tion is a quicker alternative to manual morphometry and is more reliable than 
color separation alone for analyzing islet morphology in animal models.

429
Human beta cell sorting for characterisation of beta cell specific 
transcripts and functions
C. Kirkpatrick1, P. Marchetti2, M. Bugliani2, F. Pattou3, J. Kerr-Conte3,  
C. Wollheim1; 
1Dept. of Cell Physiology and Metabolism, University of Geneva, 
Switzerland, 2Dept. of Endocrinology and Metabolism, University of Pisa, 
Italy, 3INSERM U859, Lille, France.

Background and aims: For some years, researchers have been able to isolate 
rat and mouse beta cells for studying in isolation based on endogenous fluo-
rescence of the beta cells relative to the non-beta cells, but this has not been 
possible in human islet cells until recently. We have used a method for sort-
ing beta and non-beta human islet cells based on labeling with a zinc-bind-
ing fluorescent dye (Newport Green), which labels the insulin granules of 
the beta cells allowing separation of the beta and non-beta populations. This 
study aimed to first characterise the beta and non-beta cell fractions obtained 
by this method and then to identify beta cell-specific transcripts that may be 
associated with beta cell dysfunction or proliferation.
Materials and methods: Human islets were dissociated with trypsin and 
DNAse I and sequentially labelled with an antibody marker for ductal cells, 
Newport Green to identify the beta cells and 7-aminoactinomycin D to label 
dead cells. The sorting protocol discards ductal and dead cells and sorts the 
remaining population on the basis of size and Newport Green fluorescence 
to give two populations of endocrine beta and non-beta cells. RNA was ex-
tracted immediately after sorting and reverse transcribed to cDNA for quan-
titative PCR. For immunofluorescence, cells were fixed to slides by Cytospin 
followed by 2 % paraformaldehyde fixation. For insulin secretion measure-
ments, beta cells were seeded on 804G extracellular matrix, and insulin secre-
tion and content measured during 1hr incubation with glucose or KCl with 
an enzyme-linked immunoassay.
Results: This method successfully sorts human beta cells with a purity of 
consistently 90 % or greater. However, the non-beta cell fraction was more 
variable between different islet donors with varying amounts of glucagon 
transcript, as measured by Q-PCR. We also observed by immunofluorescence 
varying proportions of glucagon-positive to glucagon and insulin double 
negative cells in the non-beta fraction. Total RNA yields per cell were signifi-
cantly higher in the beta cell fraction (4.58 pg/cell for non-beta versus 8.77 
pg/cell for the beta cells, n > 4, p < 0.01) possibly indicating higher protein 
synthetic activity in this fraction. The beta cell fraction retained an insulin 
secretory response to high glucose and to KCl after sorting and monolayer 
culture, confirming their functional identity and demonstrating that they are 
still capable of insulin secretion in the absence of other endocrine cells. Gene 
profiling of the beta cell fractions from multiple donors suggested possible 
genes that could correlate with donor body mass index (BMI), which may be 
associated either with beta cell dysfunction or proliferation.

Conclusion: This method provides a means of acquiring purified beta and 
non-beta cells from human islets in larger quantities than can be obtained 
with other current methods such as laser capture microdissection. This will 
enable functional analysis of beta cells in the absence of other endocrine cells 
and allow comparisons to be made between diabetic and non-diabetic beta 
cells. Identification of beta cell enriched transcripts in these cells may provide 
novel targets for diabetes therapy.
Supported by: an EFSD/Lilly and the Novartis Foundation

430
Orexin-A stimulates insulin secretion and proinsulin gene expression
E. Göncz1, S. Mergler1, F. Hofmann1, B.F. El-Zayat2, B. Wiedenmann1,  
M.Z. Strowski1; 
1Hepatologie, Gastroenterologie & Interdisziplinäres Stoffwechsel-Centrum/
Endokrinologie und Diabetes, Charité - Universitätsmedizin, Berlin, 
2Philipps Universität, Marburg, Germany.

Background and aims: Orexin-A (OXA) regulates food intake and energy 
homeostasis. We recently demonstrated that OXA inhibits glucagon secretion 
and gene expression via forkhead-1 (foxo1)-dependent pathway. Discrepant 
observations were reported regarding the effects of OXA on insulin secretion 
in vivo. We therefore aimed to characterize the role of OXA in regulating 
pancreatic B-cell function.
Methods: Orexin receptor 1 (OX1R) expression in the endocrine pancreas, 
isolated pancreatic islets and INS-1 cells was identified by Western blots and 
confirmed immunohistochemically. Intracellular signalling encompassed the 
measurement of cyclic AMP, calcium, proinsulin gene expression and insulin 
secretion by ELISA, RIA, Fura-2, Western blots and real-time PCR. In situ 
pancreas perfusion studies were performed on anaesthetized male rats.
Results: OXR1 was expressed on pancreatic B-cells. OXA stimulated insulin 
secretion from in situ perfused rat pancreas and INS-1 cells. The changes 
were accompanied by an increase of intracellular cyclic AMP and calcium 
concentrations. OXA raised proinsulin mRNA-levels with a maximum after 
24 hours of exposure.
Conclusion: Our study provides the first evidence for OXA as a stimulus 
of insulin secretion and proinsulin gene expression. In addition we identify 
cAMP/AKT/PDK-1 and calcium as intracellular target molecules for OXA 
action in pancreatic B-cells.
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Gliquidone features different from glibenclamide in the insulin secretion 
pattern and closing the KATP channels profiles in HIT-T15 cells
S.Y. Liu1, Z. Xiao1, Z.M. Tang1, J.M. Zhang1, X.Y. Li2, H.M. Tian1, X.J. Li1; 
1Department of Endocrinology and Metabolism, West China Hospital, , 
2West China College of Stomatology, Sichuan University, Chengdu, China.

Background and aims: The aim of this study is to determine whether gliqui-
done has any different effect on the insulin-secretory profiles of HIT-T15 cells 
in response to glucose stimuli and the closing ATP-sensitive potassium (KATP) 
channels profiles in this βcells membrane from the other two sulphonylureas 
i.e. gliclazide and glibenclamide.
Materials and methods: HIT-T15 cells (β-cells line) were cultured for 
8h in RPMI-1640 with three different glucose concentrations (5, 10, 
15mmol/l), the cells were re-cultured with gliquidone ,gliclazide and glib-
enclamide in physiological concentrations ,and then, insulin levels in 
the medium at 0,10,20,30,45,60,120 and 180 minutes were measured by 
radiommunoassay(RIA). The action of the drugs with the therapeutic con-
centrations was studied by whole-cell current recording of KATP channels in 
single HIT-T15 cells.
Results: In this study , all three sulpholureas strongly stimulated the insulin 
release by β-cells in the presence of glucose in different patterns. Gliquidone 
and gliclazide induced a similarly rapid biphasic insulin secretion, reaching 
the first peak at 10 minutes and the second lower peak at 30 minutes, followed 
by gradual decline to near the basal values at the third hours. In contrast, glib-
enclamide induced a strong but monophasic insulin release, reaching its peak 
at 45 minutes followed by somewhat decline of the hormone release but did 
not return to basal values in 3 hours later. Gliquidone blocked the whole-cell 
βcells KATP current rapidly, the mean time of the 50% KATP channels closing is 
much shorter than that of glibenclamide (2.5min Vs 6.8 min. P<0.001 ),but is 
similar to gliclazide (2.5min Vs 2.4 min. P>0.05 )
Conclusion: Gliquidone stimulates insulin release of HIT-T15 cells in bipha-
sic secretion which similar to gliclazide, but different from glibenclamide. 
gliquidone closes the KATP channels of βcells more quickly than glibencla-
mide. This unique feature in insulin secretion of gliquidone may have impor-
tant implications in its clinical use.
Supported by: a research grant of Beijing Double-Crane pharmaceutical Co., 
Ltd.

432
Excessive expression and activity of Kv2.1 channels in islet beta cells of 
type 2 diabetic GK rats
K. Dezaki1, B. Damdindorj1, A. Ando1, M. Yoshida2, M. Kakei2, T. Yada1; 
1Physiology, Jichi Medical University, Tochigi, 2Saitama Medical Center, Jichi 
Medical University, Saitama, Japan.

Background and aims: Voltage-dependent delayed rectifier K+ (Kv) channels 
are involved in repolarization of excitable cells. In pancreatic β-cells, activa-
tion of Kv channels might repolarize cells and attenuate glucose-stimulated 
action potentials to suppress insulin secretion. Among Kv channel families, 
Kv2.1 is reportedly expressed in islet β-cells as the major component of Kv 
currents in rodents. This study aimed to determine the pathophysiological 
role of Kv2.1 channels in the impaired glucose-induced insulin release in islet 
β-cells of type 2 diabetic rats.
Materials and methods: Expression of Kv2.1 channels in the pancreas of male 
normal Wistar and type 2 diabetic Goto-Kakizaki (GK) rats was measured by 
immunohistochemistry. Islets were isolated from these rats by collagenase 
digestion, and insulin release was determined by ELISA. In rat single β-cells, 
whole cell Kv channel currents were measured in the presence of tolbutamide 
by patch-clamp technique, and cytosolic Ca2+ concentration ([Ca2+]i) was 
measured by fura-2 microfluorometry.
Results: Immunohistochemical analysis revealed that Kv2.1 channels were 
expressed in islet β-cells, but not exocrine part, of the pancreas. The Kv2.1 
immunofluorescence intensity in the islets of diabetic GK rats was strong-
er than that in normal Wistar rats. In isolated islets of Wistar and GK rats, 
tetraethylammonium, a non-selective blocker of Kv channels, increased glu-
cose (8.3 mM)-induced insulin release. Moreover, Kv2.1 channel blockers, 
stromatoxin-1 (ScTx) and guangxitoxin-1E (GxTx), significantly increased 
glucose-induced insulin release, without altering basal insulin release at 2.8 

mM glucose. Kv channel current density in β-cells was larger in GK rats than 
Wistar rats. Kv2.1 channel blockers markedly attenuated Kv channel currents 
in β-cells, and the channel currents that remained in the presence of GxTx 
were identical between Wistar and GK rats. Blockade of Kv2.1 channels by 
ScTx and GxTx potentiated glucose (8.3 mM)-induced [Ca2+]i increases in 
β-cells of normal and diabetic rats, whereas basal [Ca2+]i levels and KCl (25 
mM)-induced [Ca2+]i increases at 2.8 mM glucose were not affected by these 
channel blockers.
Conclusion: Kv2.1 channels may physiologically limit glucose-induced Ca2+ 
influx and thereby attenuate insulin secretion in β-cells. Excessive expression 
and/or activity of Kv2.1 channel may be causally related to impaired insulin 
secretion in diabetic GK rats. Blockade of this channel can promote glucose-
induced insulin release in diabetic as well as normal rats, providing a poten-
tial therapeutic tool to treat type 2 diabetes.

433
Essential role of NAADP-evoked calcium release in glucose-mediated 
depolarization, [Ca2+]i spiking and insulin secretion in mouse 
pancreatic beta cell
A. Arredouani, R. Parkesh, T. Pillinger, G. Coltart, F. Clough,  
K. Shimomura, F. Aschcroft, G. Churchill, A. Galione; 
Oxford University, United Kingdom.

Background and aims: Current mechanisms of stimulus-secretion coupling 
in pancreatic β-cells emphasize a role for glucose-enhanced plasma mem-
brane ion fluxes as a consequence of the closure of KATP (Kir6.2/SUR1) 
channels. However, glucose may still evoke Ca2+ signals and insulin exocy-
tosis in β-cells from Kir6.2 or SUR1 knockout mice by KATP-independent 
pathways. We have investigated the role of the NAADP-targeted acidic Ca2+ 
stores in glucose-mediated Ca2+ oscillations and insulin secretion in primary 
mouse β-cell.
Materials and methods: We have used Ca2+ imaging, electrophysiology and 
insulin secretion measurement.
Results: We found that the release of Ca2+ from acidic Ca2+ stores plays 
a critical role in triggering and shaping glucose-evoked Ca2+ signals since 
these signals are abolished by the vacuolar proton pump inhibitor, bafilo-
mycin. Using new membrane-permeant probes, we further show that the 
intracellular messenger NAADP mobilizes Ca2+ from acidic stores, but not 
the endoplasmic reticulum, depolarizes the plasma membrane by activating 
a cation current. Inhibition of NAADP-evoked Ca2+ release, either by Ned-
19, a selective NAADP antagonist, or self-desensitization, abolishes not only 
glucose-induced depolarization, Ca2+ signals and insulin secretion but also 
tolbutamide-induced insulin secretion. We have recently discovered that the 
two-pore channel (TPC2) located on acidic stores is the target receptor of 
NAADP (Nature, in Press). We show that glucose-induced [Ca2+]i signalling 
is dramatically altered in TPC2 knockout mice
Conclusion: We propose that NAADP-mediated Ca2+ mobilization from 
acidic stores is a key step in triggering stimulus-secretion coupling in mouse 
pancreatic β-cells. In turn this activates a calcium-dependent cation current 
which, when KATP channels close, can depolarize the membrane potential 
allowing the activation of voltage-gated Ca2+ channels, Ca2+ influx and exo-
cytosis of insulin granules.
Supported by: the Wellcome Trust

434
Analysis of membrane potential oscillation mechanism in the novel 
pancreatic beta cell simulation model
Y. Nakamura1,2, S. Fujimoto1,2, J.-W. Wang1,2, Y. Himeno1,2, C. Cha3,2,  
T. Shimayoshi3,2, A. Noma3,2, N. Inagaki1,2; 
1Department of Diabetes and Clinical Nutrition, Kyoto University, 
2Biomedical Cluster Kansai, Kobe, 3Department of Bioscience and 
Bioinformatics, Ritsumeikan University, Kusatsu, Japan.

Background and aims: Several types of pancreatic beta cell models have 
been published. However, the application of these models is still very lim-
ited because of very simplified ionic channel models. We aim at developing 
an electrophysiological pancreatic beta cell model to analyze the role of ion 
channels and transporters in the oscillation mechanisms of membrane poten-
tial oscillation underlying in the regulation of insulin secretion.
Materials and methods: Mathematical models of twelve ion channels (INa, 
ICaL, IKr, Ito, IKATP, IKCa, IKb, ICRAN, ITRPM4) and transporters (INa/K, 
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IPMCa, INa/Ca) were developed according to electrophysiological studies, 
and were implemented into a novel beta cell computer model based on the 
framework of previous cell models. Then we examine contributions of ion 
channels and transporters to oscillatory membrane potential response using 
this new model.
Results: The model was quiescent at glucose([G]) below 6 mM with a most 
negative resting potential of about -70 mV at 0 [G]. Brief bursts of action 
potential with an overshoot = ~ -10 mV and a plateau level = ~ -40 mV were 
initiated at [G] higher than 6.5 mM accompanied with an increase in intra-
cellular Ca2+ ([Ca2+]). The burst duration was prolonged with increasing 
[G] as observed in experimental studies. The burst of action potentials was 
generated by alternating activation of L-type Ca2+ channel and the delayed 
rectifier K+ channels. The open probability of the ATP-sensitive K+ chan-
nel is gradually increased because of increased consumption of ATP during 
the burst, and the increased outward current finally terminated the burst. 
The mechanisms underlying the cyclic burst activity is explained along the 
sequential events as described below. During the inter-burst period, the glu-
cose-dependent ATP production exceeds the ATP consumption and decreas-
es the [ADP] / [ATP] ratio. Thereby, the open probability of ATP-sensitive K+ 
current is decreased and the membrane potential is depolarized with time. 
Finally at around -55 mV, the bust of action potential is triggered. During 
the burst of repetitive Ca2+ spikes, [Ca2+] accumulate, which then leads to 
acceleration in the ATP consumption and an increase in the [ADP] / [ATP] 
ratio. As a result, outward current through the ATP-sensitive K+ channel is 
increased and the burst is terminated. With increasing [G], the ATP produc-
tion rate is increased in a dose-dependent manner, and the burst duration is 
prolonged because of the delayed increase in the [ADP] / [ATP] ratio. At [G] 
higher 12 mM, the increase in [ADP] / [ATP] ratio becomes much depressed. 
Under this condition, the role of the ATP-sensitive K+ channel is replaced by 
the increase in the Na+/K+ pump current. Namely, the accumulation of Ca2+ 
is converted to a Na+ accumulation by the Na+/Ca2+ exchange. Thereby, the 
outward Na+/K+ pump current is enhanced to finally terminate the burst ac-
tivity after more than ~90 sec burst. Switching the terminatory role from the 
ATP-sensitive K+ channel to the Na+/K+ pump current is achieved smoothly 
through the ultra slow inactivation of the Ca2+ channel.
Conclusion: We concluded that the new B cell model is relevant for analyzing 
mechanisms underlying the [G]-dependent activation of the cell.

435
Oscillations of Zn2+ beneath the plasma membrane in glucose-stimulated 
beta cells
O. Dyachok, O. Idevall, A. Tengholm, E. Gylfe; 
Department of Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Glucose is the main physiological stimulus of insu-
lin secretion from pancreatic β-cells. Glucose increases the cytoplasmic Ca2+ 
and cAMP concentrations in β-cells, and cAMP is an important amplifier of 
Ca2+-triggered pulsatile insulin release. Insulin is stored in secretory vesicles 
as a crystalline zinc complex and Zn2+ is co-secreted with insulin. Zn2+ has 
been proposed to exert a negative feedback on insulin secretion as a potent 
and reversible activator of hyperpolarizing K+

ATP channels. Zn2+ has also been 
found to interfere with cAMP turnover in β-cells. We therefore studied how 
glucose affects Zn2+ in insulin-secreting β-cells.
Materials and methods: MIN6 β-cells were transfected with a fluorescent 
translocation biosensor reporting phosphatidylinositol-3,4,5-trisphosphate 
in the plasma membrane ([PIP3]pm) in response to autocrine insulin receptor 
activation. This assay was used as readout for insulin secretion from single 
cells. The cytoplasmic cAMP concentration beneath the plasma membrane 
([cAMP]pm) was detected by another translocation biosensor based on fluo-
rescence-labeled protein kinase A subunits. Measurements of intracellular 
Zn2+ and Ca2+ concentrations were performed in cells loaded with the fluo-
rescent indicators FluoZin-3 and Indo-1, respectively. Conventional epifluo-
rescence microscopy was used to detect the global changes of Zn2+ and Ca2+ 
in the cell cytoplasm ([Zn2+]i, [Ca2+]i). Local changes of these cations in the 
sub-membrane space ([Zn2+]pm, [Ca2+]pm) as well as changes in [PIP3]pm and 
[cAMP]pm were recorded with evanescent wave microscopy.
Results: MIN6 cells reacted to glucose stimulation with pronounced [Ca2+]i, 
[Ca2+]pm and [cAMP]pm as well as [PIP3]pm oscillations reflecting pulsatile in-
sulin release. Glucose stimulation did not affect [Zn2+]i but induced oscilla-
tions of [Zn2+]pm, which were heterogeneous with irregular amplitude and 
frequency. Hyperpolarization with 250 μmol/l diazoxide or inhibition of 
voltage-dependent Ca2+ channels with 100 μmol/l methoxyverapamil pre-
vented the glucose-induced [Ca2+]i and [Ca2+]pm signaling without affecting 

the [Zn2+]pm oscillations. Also chelation of extracellular Zn2+ with 2 mmol/l 
Ca-EDTA failed to affect the glucose-induced [Zn2+]pm and [cAMP]pm oscil-
lations. However, the membrane permeable Zn2+ chelator TPEN (50 μmol/l) 
abolished the Zn2+ signal and much amplified the [cAMP]pm and [PIP3]pm 
responses to glucose stimulation. Application of 30 μM Zn2+ to glucose-stim-
ulated MIN6 cells resulted in an increase of [Zn2+]pm and markedly inhib-
ited [cAMP]pm and [PIP3]pm responses as well as suppressed insulin release 
detected by ELISA.
Conclusion: These data provide support for intracellular Zn2+ as inhibitory 
messenger affecting cAMP and insulin secretion from β-cells.

436
Rapid changes in surface expression of L-type Cav1.2 channels in 
stimulated INS-1 cells
E. Zhang1, T. Reinbothe1, S. Andersson1, L. Eliasson1, M. Brauns2,  
J. Striessnig2, E. Renström1; 
1Lund University Diabetes Centre, Malmo, Sweden, 2Institute of Pharmacy, 
University of Innsbruck, Austria.

Background and aims: Voltage gated calcium channels (VGCCs) in the plas-
ma membrane (PM) play an essential role in linking glucose metabolism to 
insulin secretion. Under resting condition, the number of VGCCs in the PM 
(surface expression) maintains a dynamic equilibrium that is controlled by 
trafficking to and from the cell interior. eIF3e (eukaryotic translation initia-
tion factor 3, subunit E) is widely expressed in eukaryotic cells and is involved 
in both initiation of protein translation and degradation. Interestingly, eIF3e 
has been suggested to be involved in the regulation of activity-dependent 
internalization of L-type Cav1.2 channels in neurons. However, it remains 
unclear whether eIF3e plays a similar role in pancreatic beta-cells.
Materials and methods: Cav1.2 clusters were observed by 3D confocal imag-
ing in INS-1 cells. Cluster internalization was quantified using the ImageJ 
and Matlab programs. To assess the rate of Cav1.2 transport to plasma mem-
brane, the Fluorescence Recovery After Photobleaching (FRAP) technology 
was used.
Results: Depolarization causes internalization of Cav1.2. Cav1.2 is expressed 
in clusters in Cav1.2-EGFP transfected INS-1 cells. The ratio of the cluster 
number in the PM over clusters residing in the cytosol was calculated in time-
lapse series taken from the middle section of the cells, which decreased from 
4.1±1.09 to 1.36±0.18. Double labeling experiments with Cav1.2 and the 
PM indicator FM-64, verified that the number of Cav1.2 clusters in the PM 
decreased by 50% upon glucose stimulation. To allow a careful quantifica-
tion of Cav1.2 cluster internalization, we calculated the geometrical centre of 
the cluster scatter and measured the distance from that point to each cluster, 
which decreased from 6.2±0.11 to 5.2±0.16 µm after 30 min stimulation with 
glucose (P<0.001).
Cav1.2 cluster internalization can be detected also in native cells. To validate 
the physiological significance of our initial results, we measured Cav1.2 ex-
pression by immunostaining in INS-1 cells before and after 15-30 min stimu-
lation with glucose. The ratio of the number of clusters in the PM over clus-
ters in the cytosol amounted 3.32±0.48 which decreased to 0.83±0.14 after 
glucose stimulation (P<0.01). Similarly, Cav1.2 redistribution from the PM 
to intracellular membranes upon glucose stimulation could be detected by 
Cav1.2 immunoblotting in fractionated cells.
eIF3e silencing reduces surface expression of Cav1.2 and inhibit their inter-
nalization upon stimulation. After knockdown of eIF3e by RNAi, the number 
of Cav1.2 cluster in the PM was reduced by 40% in resting condition (p<0.05). 
Interestingly, stimulation with HK or glucose now failed to internalize Cav1.2 
to the cell interior.
eIF3e silencing decreases the rate of Cav1.2 supply to the PM. A FRAP ap-
proach was used to investigate the dynamics of Cav1.2 clusters in the PM. 
The average recovery intensity was fitted by an exponential curve and the 
time constant (τ) indicates how slow the Cav1.2 moves to PM. eIF3e silenc-
ing increased τ for Cav1.2 transport to the PM from 0.79 s to 1.51 s under 
non-stimulatory conditions. Under stimulation with HK, eIF3e silencing in-
creased τ from 0.21 s to 0.63 s.
Conclusion: Depolarization causes internalization of Cav1.2 clusters in INS-
1 cells. eIF3e enhances Cav1.2 surface expression under resting condition, 
and
eIF3e is also required for activity-dependent internalization of Cav1.2 clus-
ters.
Supported by: Swedish Research Council and European Union Research Pro-
gramm 6th FP MRTN-CT-2006 035367
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Ca2+/Calcineurin/NFAT signalling pathway regulates glucose-induced 
IRS-2 expression in rat pancreatic beta cells
D. Demozay, S. Tsunekawa, J.F. Mc Cuaig, C.J. Rhodes; 
Department of Medicine, Endocrinology, University of Chicago, United 
States.

Background and aims: Insulin receptor substrate 2 (IRS-2) plays an essential 
role in pancreatic beta-cells by promoting cell growth and survival and so 
represents an interesting target for therapeutic means in type 2 diabetes. We 
have previously shown that glucose induces a rapid increase in IRS-2 expres-
sion in rat pancreatic islet beta-cells, mediated at the transcriptional level and 
requiring presence of Ca2+. However how Ca2+ regulates IRS-2 gene expres-
sion remains unknown.
Materials and methods: Rat pancreatic islet beta-cells or INS-1E cell line 
were exposed to various inhibitors and/or infected with adenovirus express-
ing CAIN or VIVIT. IRS-2 expression was analyzed by RT-PCR and Western 
blot. NFAT activation and translocation were analyzed by Western blot and 
confocal immunofluorescent microscopy.
Results: Using nifedipine, a selective inhibitor of L-type Ca2+ channels, we 
showed that elevated intracellular concentration of Ca2+ is required for glu-
cose-induced IRS-2 gene expression in isolated rat islet beta-cells. Moreo-
ver, in rat islets beta-cells exposed to 30 mM KCl, which leads to an [Ca2+]i 
increase via depolarization, specific increased in IRS-2 mRNA and protein 
levels was observed at stimulatory glucose concentrations (≥5 mM). Inhibi-
tion of Ca2+/calmodulin-dependent phosphatase 2B (calcineurin) by FK506 
or Cyclosporin A inhibitors markedly blocked the glucose-induced IRS-2 
expression at both mRNA and protein levels in both INS-1E cells and rat 
islet beta-cells. Moreover, infection of islets beta-cells with the adenovirus 
expressing CAIN (Adv-CAIN; a selective peptide inhibitor of calcineurin), 
totally suppresses glucose-induced IRS-2 gene expression compare to cells 
infected with an adenovirus control expressing luciferase. As expected, de-
crease in IRS-2 protein level correlates with mRNA decrease in presence of 
these inhibitors. The transcription factor nuclear of activated T cells (NFAT) 
is well known to be activated by the Ca2+/calcineurin pathway which induces 
its dephosphorylation and then translocation to the nucleus. NFAT protein 
phosphorylation state and localization are modified by glucose in INS-1E 
cells. Four putative NFAT binding sites within the proximal region of the 
rat IRS-2 promoter (-1250 to +1 bp) were identified in the IRS-2 promoter 
sequence. To investigate the potential role of NFAT in IRS-2 expression, we 
infected INS-1E cells with an adenovirus to express VIVIT (Adv-VIVIT; a se-
lective peptide inhibitor of calcineurin-mediated NFAT activation). We found 
that selective NFAT inhibition abolished glucose-induced IRS-2 expression at 
the mRNA and protein levels compare to control cells. Furthermore, direct 
binding of NFAT on IRS-2 promoter was demonstrated by a chromatin im-
munoprecipitation assay.
Conclusion: Taken together, these results clearly suggest that Ca2+/cal-
cineurin/NFAT pathway in islets beta-cells is implicated in IRS-2 gene ex-
pression in response to glucose. Considering the pivotal role that IRS-2 plays 
in pancreatic beta-cells, a better understanding of the IRS-2 transcriptional 
regulation could eventually provide novel therapeutic means in type 2 diabe-
tes by improving beta-cells survival and proliferation.
Supported by: Fondation pour la Recherche Médicale and National Institutes 
of Health
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BLX-1002, a novel thiazolidinedione with no PPAR affinity, selectively 
enhances insulin secretion in diabetic animal islets stimulated with high 
glucose, GLP-1 or tolbutamide
F. Zhang1, D. Dey2, R. Bränström3, L. Forsberg3, M. Lu3, Q. Zhang1,  
Å. Sjöholm1; 
1Department of Clinical Science and Education, Karolinska Institutet, 
Stockholm, Sweden, 2Bexel Pharmaceuticals, Inc., Union City, United 
States, 3Department of Molecular Medicine and Surgery, Unit of Endocrine 
Surgery, Karolinska Institutet, Stockholm, Sweden.

BLX-1002 is a novel amino acid conjugated, small thiazolidinedione with 
no apparent affinity to peroxisome proliferator-activated receptors (PPAR) 
that was shown to reduce glycemia in type 2 diabetes without adipogenic 
effects. We have investigated the actions of the drug on insulin secretion in 
pancreatic islet cells from diabetic and non-diabetic animal models. In the 
obese, leptin-deficient ob/ob mice, BLX-1002 enhanced insulin secretion 

stimulated by high (20 mM), but not low or intermediate (3 or 8 mM) glu-
cose concentrations during a 20 min-incubation, while its major metabolite 
BLX-1015 had no effect. BLX-1002 also potentiated pioglitazone-, but not 
fenofibrate-induced insulin secretion. BLX-1002, but not BLX-1015, restored 
glucose-sensitive insulin secretion in pancreatic islets from type 2 diabetic, 
leptin receptor-deficient db/db mice. Under perifusion conditions, BLX-1002 
significantly potentiated insulin secretion induced by GLP-1 or the sulfonylu-
rea tolbutamide in pancreatic islets from type 2 diabetic Goto-Kakizaki (GK) 
rats, effects that were not observed in islets from non-diabetic Wistar rats. In 
contrast, BLX-1015 was without effect. Studies in single islet cells from ob/
ob mice revealed that BLX-1002 augmented [Ca2+]i at high glucose, which 
was abolished either by the L-type Ca2+ channel blocker nifedipine or by 
pre-treatment of the cells with the Ca2+-ATPase inhibitor thapsigargin. The 
BLX-1002-induced rise in [Ca2+]i was significantly suppressed by the selec-
tive phosphatidylinositol (PI) 3-kinase (PI3K) inhibitor LY294002. However, 
BLX-1002 interfered neither with voltage-gated Ca2+ channel nor with KATP 
channel activities as demonstrated using patch-clamp technique. In addi-
tion, cellular NAD(P)H stimulated by glucose was not affected by the drug. 
The stimulatory effect of BLX-1002 on insulin secretion at high glucose was 
completely abolished by treatment of the cells with the PI3K inhibitors wort-
mannin or LY294002. Furthermore, stimulation of the b-cells with BLX-1002 
induced activation of AMPK at high glucose. Our study suggests that BLX-
1002 selectively potentiates insulin secretion induced by high glucose, GLP-1 
or tolbutamide in b-cells from obese or diabetic animal models, but not from 
healthy animals. The effect of BLX-1002 on glucose-induced insulin secretion 
is dependent on PI3K activity and is associated with an increased [Ca2+]i and 
AMPK activation. The glucose-sensitive stimulatory impact of BLX-1002 on 
b-cell function may translate into substantial clinical benefits of the drug in 
the management of type 2 diabetes, by avoidance of hypoglycemia.
Supported by: Karolinska Institutet and Research Center at Södersjukhuset, 
Stockholm
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Roles of the GDP-dependent Rab27a effector coronin 3 in membrane 
traffic in the pancreatic beta cell
T. Kimura1, S. Taniguchi1, K. Toya2, I. Niki1; 
1Pharmacology, Oita University, Faculty of Medicine, 2Anatomy, Kansai 
University of Health Sciences, Osaka, Japan

Background and aims: Membrane trafficking is crucial for the regulation 
of the size of the readily releasable pool of the secretory granules and for 
the recovery of the granule membranes. Although many proteins have been 
found to participate in membrane trafficking, knowledge about its regulatory 
mechanisms is still limited. Rab27a is involved in the control of membrane 
traffic in the beta cell typically through its GTP-dependent effectors. We have 
recently identified the actin-bundling protein coronin 3 as a novel Rab27a 
effector which paradoxically bound GDP-Rab27a in the pancreatic beta-cell 
line, MIN6. In the present study, we investigated GDP-dependent roles of 
Rab27a via its interaction with coronin 3 in the pancreatic beta cell.
Materials and methods: A pull-down assay was performed to quantify GTP- 
and GDP-bound Rab27a. The slp homology domain of the GTP-dependent 
Rab27a effector and the GDP-dependent Rab27a binding site of coronin 3 
were used as specific affinity ligands. For immunostaining and live imag-
ing, MIN6 cells were transfected with plasmid DNAs or siRNA using Lipo-
fectamine 2000. After 24 h of transfection, the cells were analyzed with a con-
focal laser microscopy system. For the observation of endocytosis, cells were 
incubated in culture media containing the endocytosis marker FM4-64 or 
anti-phogrin antibody which reacts with its extracellular domain. The rate of 
cells with cytoplasmic pattern was evaluated.
Results: Glucose stimulation promptly shifted Rab27a from the GTP- to 
GDP-bound form and redistributed coronin 3 to the cell periphery. The 
redistribution was inhibited in Rab27a-silenced MIN6 cells. Coronin-3-si-
lencing inhibited FM4-64 uptake and phogrin recycling. Disruption of the 
coronin-3-GDP-Rab27a interaction with the dominant-negative coronin 3 
reproduced these changes, which were restored by co-expression of the GDP-
Rab27a mutant.
Conclusion: The interaction of GDP-Rab27a with coronin 3 regulates endo-
cytosis of the insulin granule membranes. We propose a model where Rab27a 
is a key protein in stimulus-endocytosis coupling in the pancreatic beta cell, 
and plays a pivotal role in membrane recycling of the insulin granules.
Supported by: Grant-in-Aid for Young Scientists (B) and Suzuken Memorial 
Foundation
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Sorting nexin 19 regulates the number of insulin-containing secretory 
vesicle and insulin content by affecting IA-2 expression
S. Harashima1, M. Sasaki1, Y. Seino1,2, N. Inagaki1; 
1Department of Diabetes and Clinical Nutrition, Graduate School of 
Medicine, Kyoto University, 2Kansai Electric Power Hospital, Osaka, Japan.

Background and aims: IA-2 is a member of the transmembrane protein ty-
rosine phosphatase (PTP) family and a major autoantigen in type 1 diabetes. 
Autoatibodies to it are positive in about 70 % of newly diagnosed patients. 
They also are a predictive marker of the disease because of appearance years 
before the onset of the clinical disease. This molecule is 979 amino acids in 
length consisting of an intracellular, transmembrane and luminal domain. 
IA-2 is an intrinsic transmembrane component of dense core secretory vesi-
cles. Studies of knockout in mice and knocked down in a mouse beta-cell 
line MIN6 showed that IA-2 is a regulator of insulin secretion. In addition, 
overexpression of IA-2 in MIN6 cells increases insulin content and insulin 
containing secretory vesicle numbers in part through stabilizing half-life of 
the vesicles. However, it is not fully understood how IA-2 regulates insulin 
content or insulin-containing secretory vesicle numbers. To address this 
question, we examine the involvement of sorting nexin 19 (SNX19), an IA-2 
interacting protein identified by yeast two-hybrid system. SNX19 is a mem-
ber of the SNX family which has a phospholipid binding motif, phox domain, 
and is proposed to regulate intracellular trafficking.
Materials and methods: Endogenous interaction of SNX19 and IA-2 was 
confirmed by immunoprecipitation analysis and Western blot analysis using 
anti-SNX19 antibody and/or anti-IA-2 antibody. Binding of SNX19 to phos-
pholipids were determined by protein/lipid overlay assay. Permanent SNX19-

knocked-down cell lines were established by transfection of SNX19 siRNA 
expression vector and selection by limit dilution with hygromycin. Insulin 
content was measured by insulin ELISA kit. Numbers and size of insulin-
containing secretory vesicles in SNX19-knocked-down or control cells were 
measured by electron microscopy.
Results: SNX19 was endogenously expressed in MIN6 cells and pancreatic 
islets isolated from C57BL/6 mice and Wister rats. Immunoprecipitation 
analysis revealed endogenous interaction of SNX19 and IA-2 in MIN6 cells. 
Protein/lipid overlay assay indicated that SNX19 could mainly bind phos-
phatidylinositol-3-, or -4-, or -5- phosphate, and phosphatidylinositol-(3,5)-
biposphate. In SNX19-knocked-down MIN6 cells, SNX19 expression was 
decreased by one-fifth with a parallel decrease of insulin content as compared 
to that in control siRNA-transfected MIN6 cells. Interestingly IA-2 expres-
sion also was decreased in SNX19-knocked-down MIN6 cells. Electron mi-
croscopy revealed that the number of insulin-containing secretory vesicle 
were about 75% decreased and the average size of the vesicles was about 40% 
smaller in SNX19-knocked-down MIN6 cells as compared to that in control 
siRNA-transfected MIN6 cells, respectively.
Conclusion: SNX19 regulates the number of insulin-containing secretory 
vesicle and insulin content in pancreatic beta-cells via modulating IA-2 ex-
pression.

441
Protein expression and distribution of syntaxin isoforms in INS-1 cells, 
mouse, rat and human pancreas
R.D. Fernández-Montes1, V. Barceló2, M. Nacher2, E. Montanya2, J. Blasi1; 
1Department of Pathology and Experimental Therapeutics, University of 
Barcelona-IDIBELL-CIBERNET, 2Endocrine Unit, Hospital Universitari 
Bellvitge and Department of Clinical Science, University of Barcelona-
IDIBELL-CIBERDEM, Barcelona, Spain.

Background and aims: In previous studies we showed the differential expres-
sion of SNARE proteins at different glucose concentrations in the insulin secre-
tory cell line INS1. At high glucose concentration (20mM), the expression of 
several key proteins for insulin secretion, syntaxin1, VAMP2, synaptotagmin I 
and connexin36 was reduced. In contrast, the expression of t-SNARE proteins, 
SNAP25 and SNAP23 augmented suggesting a specific effect of high glucose 
concentration on the expression of proteins involved in the exocytic molecu-
lar machinery. Plasma membrane syntaxin (sytx) isoforms (1, 2, 3 and 4) have 
been related to insulin secretion, but their particular differential implication is 
still obscure and poorly studied. The aim of this study was to define both the 
distribution of syntaxin isoforms in mouse, rat and human pancreas and in the 
cell line INS-1, and the expression pattern of syntaxin isoforms (1 to 4) at differ-
ent glucose concentrations in the cell line INS1 and rat isolated islets.
Materials and methods: The distribution of syntaxin isoforms was analyzed 
by immunofluorescence and confocal microscopy using isoform specific anti-
bodies. The level of protein expression at different glucose concentrations was 
determined by western blot. Cell line INS1 was cultured for 1, 3 and 7 days 
at 3,3; 11,1; 20 and 33,3 mM glucose in RPMI medium 10%FBS. Sprague-
Dawley rats of 150-175 g were used for studies on pancreas and isolated islets. 
Rat isolated islets were cultured for 6 days at the same glucose concentration 
used in the experiments with INS1cell line. Human pancreas were obtained 
from brain-dead donors and processed for immunofluorescence and confo-
cal microscopy.
Results: A) Syntaxin isoform distribution: Sytx1 was found in the beta-cell 
plasma membrane in all models used while sytx 2, 3 and 4 showed a cytosolic 
distribution in the endocrine tissue. Sytx3 was also present in the plasma 
membrane in cells from the rat exocrine tissue. Sytx4 was mainly found in the 
alpha-cells from mouse and rat pancreas. None of the studied sytx isoforms 
showed immunofluorescence signal in a human diabetic pancreas, with the 
exception of sytx2.
B) Protein expression at different glucose concentrations: 1- INS-1: expres-
sion of sytx2 was decreased (44±15%, p≤0.05) after 7 days at high glucose 
concentration; sytx3 was increased at 3,3, 20, and 33,3 mM compared with 
11,1 mM glucose, and sytx4 was increased (114±37%, p≤0.05) after 7 days 
at high glucose concentration. 2- Rat isolated islets: expression of sytxs 2 
and 3 showed a tendency to increase at 3,3, 20, and 33,3 mM compared with 
11,1mM glucose; sytx4 showed a tendency to decrease at high glucose con-
centration. Western blot results were confirmed by immunofluorescence and 
confocal microscopy.
Conclusion: The isoforms of syntaxin (1, 2, 3 and 4) studied in mouse, rat 
and human pancreas showed differential distribution patterns and protein 
expression at different glucose concentrations. The differential distribution 
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and expression of syntaxin isoforms in islet pancreatic cells indicates the 
presence of different pathways for intracellular membrane trafficking. How-
ever, further studies are required to establish the functional significance of 
these differences.
Supported by: MEC (BFU2005-02202) and Fis PI-06089, ISCIII, Spain
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Both rapid exocytosis and granule mobilization in glucagon secreting 
cells are reduced by antibodies against synaptosomal protein of 25 kDa 
(SNAP-25) and Syntaxin 1
S.A. Andersson1, J. Vikman2, L. Eliasson1; 
1Dept. of Clinical Sciences, Lund University, Malmö, 2Dept. of Clinical 
Sciences, Lund University, Lund, Sweden.

Introduction and aims: Glucagon is important for regulation of glucose 
metabolism by enhancing synthesis and mobilization of glucose in the liver. 
Glucagon resides within granules in the alpha-cells (A-cells) of the pancreas 
that upon A-cell activation fuses with the plasma membrane whereby gluca-
gon is released into the bloodstream. A crucial mechanism behind the fine 
tuned release of glucagon is a functional exocytotic machinery constituting 
the SNARE-complex including the two target-SNARE proteins on the plasma 
membrane, syntaxin 1A and SNAP-25. We have previously shown that the 
SNARE-proteins are key players in the exocytotic process in beta-cells: Our 
aim is to investigate whether this is also true for A-cell exocytosis.
Material and methods: Primary A-cells extracted from mouse pancreas 
were identified by their small size and Ca2+ current inactivation properties 
using the standard whole-cell configuration of the patch-clamp technique. 
Exocytosis was measured as an increase in membrane capacitance following 
membrane depolarisations.
Results: The exocytotic granules are differently positioned within the cell 
where the granules most approximate to the plasma membrane are called 
the readily releasable pool (RRP), also constituting an immediately releas-
able pool (IRP), which are primed to the plasma membrane so that glucagon 
release may occur. The larger portion of the granules is contained in a non-re-
leasable reserve pool that needs to be mobilized and primed prior to release, 
and is responsible for the refilling of the RRP. Single A-cells were stimulated 
by a train of ten 500-ms depolarisations from -70 mV to 0 mV. The total 
increase in membrane capacitance evoked by a train was 691 ± 67 fF (n=17) 
under control conditions. This response was reduced to 304 ± 112 fF (n=8; 
p<0.01) when anti-SNAP-25 was included in the pipette solution. Close in-
spection of the responses revealed that exocytosis during the first two depo-
larisations, correlating to RRP, was significantly decreased from 322 ± 32fF to 
160 ± 41 fF (p<0.01). The release of mobilized granules as defined by the exo-
cytotic response evoked by pulses 2-10, was also significantly decreased from 
371 ± 54 fF to 145 ± 74 fF (p<0.05). It was controlled using IgG that antibod-
ies do not affect exocytosis through steric hindrance. A similar setup showed 
a reduction in total membrane capacitance from 1615 ± 123 fF (n =18) in 
control to 798 ± 176 fF following immunoneutralization of Syntaxin 1 (n=18; 
p<0.001). Likewise, the release of the RRP was significantly reduced by 40% 
(p<0.001) and the mobilized granules were reduced by 47% (p<0.001). In ad-
dition, pulse length- measurements were performed to create an image of the 
rapid exocytosis occurring during the fast exocytosis and to get an estimate 
of IRP. In the presence of the Syntaxin 1 antibody (n= 13), there was a 50% 
(p<0.001) reduction of the exocytosis evoked by a 50-ms depolarisation as 
compared to the control (n=17), and a 45% (p<0.05) reduction in the plateau 
reached at 250 ms corresponding to a decrease in IRP.
Conclusion: Investigating the effect of SNARE-proteins on the processes 
involved in the exocytotic machinery of glucagon secreting A-cells revealed 
that SNAP-25 and Syntaxin 1 are important for both rapid exocytosis and 
refilling of IRP/RRP by granule mobilization. Thus, we suggest that SNAP-25 
and Syntaxin 1 are necessary for glucagon exocytosis in A-cells.

443
Evidence for PKA-independent priming of insulin secretory granules: 
insight from mathematical modeling
M.G. Pedersen1, L. Eliasson2; 
1Department of Information Engineering, University of Padova, Italy, 
2Diabetes Centre, Lund University, Malmö, Sweden.

Background and aims: Incretins, such as GLP-1 and glucagon, raise the con-
centration of cAMP in beta-cells. cAMP acts through both Epac-dependent 
and PKA-dependent pathways and is believed to be an important player in 

the maturation of secretory granules leading to calcium triggered exocytosis 
and insulin release. The aim of this study was to investigate the interplay be-
tween cAMP and calcium in the final steps preceding membrane fusion by 
estimating the size of the immediately releasable pool, calcium sensitivity of 
exocytosis, maximal rate of exocytosis and the rate of priming from capaci-
tance data from single beta-cells under various conditions using a biophysical 
model.
Materials and methods: We developed a mathematical model of calcium in-
duced exocytosis of insulin secretory granules, and applied it to experimen-
tally obtained whole cell patch clamp capacitance data from single beta-cells. 
The model includes the immediately releasable pool, priming of granules, 
measured calcium currents and exocytosis. The simulations were done by 
solving numerically the ordinary differential equations of the model, and pa-
rameter estimation was done using Levenberg-Marquardt nonlinear regres-
sion, as implemented in the software Octave.
Results: The measured calcium currents were used as input to the math-
ematical model, and the predicted capacitance increases were fitted to the 
experimental data. To obtain insight in the role of cAMP for priming and 
fusion of secretory granules, we analyzed data from groups of cells stimulated 
with various concentrations of cAMP (0-500 µM) in the patch pipette, as well 
as from cells where PKA was inhibited by including Rp-cAMPS (0.5 µM) in 
addition to cAMP. The outcome of the model demonstrated that the differ-
ences between groups could be explained by varying just three parameters: 
Addition of 100 µM cAMP increased the priming rate 12-fold with respect 
to the control group (from 1.26 (+/- estimated standard deviation=0.05 ) 
fF/s to 15.2 (+/-1.9) fF/s). This rate was not changed by further addition of 
Rp-cAMPS (14.7 (+/-0.6) fF/s). The increased priming rate is thus PKA-in-
dependent, likely mediated by Epac2/cAMP-GEFII. Since the size of the im-
mediately releasable pool is assumed to be proportional to the priming rate, 
we also estimated a 12-fold PKA-independent increase in pool size. The EC50 
value of exocytosis with respect to calcium was slightly lowered by addition 
of 100 µM cAMP (to 12.6 (+/-0.8) from 14.7(+/-0.7) pA) but increased to 
30.1(+/-0.7) by further addition of Rp-cAMPS. 100 µM cAMP + Rp-cAMPS 
did not change the maximal exocytosis rate (2.5 (+/-0.1) pr. sec in both cases), 
but was only 0.8(+/-0.1) pr. sec with 100 µM cAMP alone. In spite of the 
lower exocytosis rate, the group with 100 µM cAMP showed the largest total 
capacitance increase. Inspection revealed that this was due to a PKA-depend-
ent increase in calcium currents in this group.
Conclusion: Our results differ from estimates using simpler analytical meth-
ods on the same data set and demonstrates that it is important to include 
calcium currents directly in the analysis of capacitance data. This is best done 
by mathematical modeling due to the nonlinear dependence of the exocytosis 
rate on the calcium concentration. The model strengthens the suggestion that 
priming of insulin secretory granules is largely mediated by Epac2/cAMP-
GEFII. The PKA-dependent modified fusion properties might reflect the shift 
to a highly calcium sensitive state of the granules.
Supported by: Lundbeck Foundation, EU network of excellence “BioSim”, Swed-
ish Research Council

444
Membrane depolarization: a fail-safe parameter to assess the triggering 
pathway of insulin secretion?
M. Willenborg, K. Hatlapatka, U. Panten, I. Rustenbeck; 
Institute of Pharmacology and Toxicology, Technical University of 
Braunschweig, Germany.

Background and aims: A classical experimental manoeuver to elicit insulin 
exocytosis is to subject pancreatic B-cells to depolarization by increasing the 
external K+ concentration or by current injection. Typically, the extent of de-
polarization is made equal or even larger than the peak values of the action 
potentials resulting from KATP channel closure by nutrient and non-nutrient 
secretagogues. We tested whether this procedure is appropriate to gain in-
sight into the physiological regulation of insulin secretion.
Materials and methods: NMRI mouse islets and beta cells were used to 
measure insulin secretion by perifusion and ELISA, membrane potential by 
patch clamping (perforated patch mode).
Results: When the blocker of voltage-dependent K+ channels, TEA (10 mM), 
was added to a maximally effective concentration of the KATP channel blocker 
glipizide (2.7 µM) in the absence of glucose, an increase in action potential 
amplitude by 11.7 ± 4.1 mV was noted. Addition of KIC (10 mM) to glipizide 
led to a transient repolarization of the B-cell, thereafter an elevated plateau 
depolarization was observed. Again, the additional presence of TEA led to 
a significant increase in action potential amplitude (8.1 ± 1.4 mV). When 
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secretion of perifused islets was measured using the same experimental pro-
tocol, the presence of TEA did not increase secretion rather the secretory 
effect of glipizide in absence of glucose was reduced by 46.8%. When the fuel 
secretagogue KIC (10 mM) was added to the perifusion in both cases (pres-
ence or absence of TEA) a fast increase in secretion was elicited. When the 
data were normalized to the last value prior to addition of KIC, the increase 
in the absence of TEA was not significantly different and from that in the 
presence of TEA. When the blocker of KATP channels, tolbutamide (50 µM) 
was added to high KCl (15 mM), the moderate membrane depolarization 
(20.7 mV) established by KCl was further enhanced and action potentials 
ocurred. The difference in plateau depolarization was 5.5 ± 1.8 mV. Here, the 
enhanced depolarization had a corresponding effect on secretion in that the 
amount of insulin secreted during 30 min was increased 2.5fold.
Conclusion: The extent of depolarization of the B-cell membrane per se does 
not define the strength of a secretory stimulus. Rather, the underlying mecha-
nisms have to be taken into account. Action potential amplitude is largely 
determined by membrane resistance and an increased amplitude does not 
necessarily transduce into a proportionate increase of secretion. Depolariza-
tion methods circumventing KATP channel closure may represent unphysi-
ologically strong stimuli when depolarization levels equal to action potential 
peaks are attained.

445
Involvement of protein kinase A and Epac in initiation and maintenance 
of glucose-stimulated pulsatile release of insulin
O. Idevall-Hagren, E. Gylfe, A. Tengholm; 
Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Glucose stimulation of β-cells results in pulsatile re-
lease of insulin. This process is controlled by synchronized oscillations of the 
Ca2+ and cAMP concentrations beneath the plasma membrane ([Ca2+]pm and 
[cAMP]pm). The effects and mediators of glucose-induced cAMP signals in β-
cells are poorly characterized, and the aim of the present study was to clarify 
the contribution of protein kinase A (PKA) and the cAMP-regulated guanine 
nucleotide exchange factor Epac to pulsatile insulin secretion from glucose-
stimulated MIN6 β-cells.
Materials and methods: Evanescent wave fluorescence imaging was used to 
record [cAMP]pm or [Ca2+]pm in parallel with phosphatidylinositol-3,4,5-tri-
sphosphate (PIP3). This membrane lipid is formed by autocrine insulin re-
ceptor activation and was used as readout for insulin secretion from single 
MIN6 β-cells.
Results: Elevation of the glucose concentration from 3 to 11 mM induced 
oscillations of [Ca2+]pm and [cAMP]pm. The second messenger signals were 
tightly associated with PIP3 oscillations reflecting pulsatile release of insulin. 
After inhibition of PKA with 100 µM Rp-8-CPT-cAMPS or 2 µM KT5720 
the PIP3 response to a subsequent glucose challenge was reduced by 30±7% 
(n=37 cells, P<0.05) and 59±10% (n=19, P<0.01), respectively, without cor-
responding changes in [Ca2+]pm. In contrast, already manifested PIP3 oscil-
lations in glucose-stimulated cells were little affected by PKA inhibition. 
cAMP was nevertheless required for the glucose-induced PIP3 oscillations, 
and inhibition of adenylyl cyclases with 100 µM 2’,5’-dideoxyadenosine or 
400 µM SQ22,536 (SQ) reduced the time-average PIP3 response by 66±5% 
(n=54, P<0.001) and 42±3% (n=101, P<0.001), respectively. This inhibition 
was partially reversed by 1 µM of the Epac-selective nucleotide analogue 8-
pCPT-2’-O-Me-cAMP-AM restoring the PIP3 response in SQ-treated cells to 
80±5% (n=78, P<0.001 vs SQ) of that obtained with 11 mM glucose alone.
Conclusion: cAMP contributes significantly to pulsatile insulin release from 
glucose-stimulated β-cells. While PKA is required for appropriate initiation 
of the secretory response, the cAMP-dependence of maintained pulsatility is 
mediated by Epac.

446
Secretagogue-induced elevation of the plasma membrane PtdIns4P 
concentration in individual insulin-secreting cells
A. Wuttke, A. Tengholm; 
Medical Cell Biology, Uppsala University, Sweden.

Background and aims: The phospholipid phosphatidylinositol 4-phosphate 
(PtdIns4P) is a critical regulator of a variety of cellular processes, including 
membrane and vesicle trafficking. Generation of PtdIns4P by phosphatidyli-
nositol 4-kinases has been implicated in the priming of secretory granules 

in pancreatic β-cells. However, it is unknown whether stimulators of insulin 
secretion regulate plasma membrane PtdIns4P. The aim of this study was to 
clarify how glucose and the phospholipase C-activating agonist carbachol af-
fect plasma membrane PtdIns4P concentration, [PtdIns4P]PM, by real-time 
monitoring of the lipid in individual insulin-secreting cells.
Materials and methods: The PtdIns4P-binding pleckstrin homology domain 
from the oxysterol binding protein fused to cyan fluorescent protein (OSBP-
CFP) was used as a biosensor for PtdIns4P in individual MIN6 β-cells. The 
subcellular distribution and plasma membrane localization of the biosensor 
were monitored with confocal and evanescent wave microscopy, respectively. 
Response amplitudes were expressed as the ratio of OSBP-CFP over mem-
brane bound yellow fluorescent protein signal.
Results: Confocal imaging of MIN6 β-cells expressing OSBP-CFP showed 
distinct localization of the biosensor at intracellular membranes, whereas the 
plasma membrane fluorescence was only slightly brighter than the diffuse flu-
orescence from unbound biosensor in the cytoplasm. However, background 
reduction by release of free cytoplasmic OSBP-CFP after membrane permea-
bilization with digitonin revealed a clear plasma membrane localization of 
the PtdIns4P biosensor (n=13). This membrane localization was specific, 
since a PtdIns4P binding-deficient biosensor mutant was localized exclusive-
ly in the cytoplasm (n=9). Evanescent wave microscopy recording of plasma 
membrane OSBP-CFP fluorescence showed that elevation of the glucose 
concentration from 3 to11 mM induced a prompt increase of [PtdIns4P]PM 
(22.2 ± 0.1% increase of the fluorescence ratio; n=56), which was transient, 
sustained or oscillatory in 39%, 35% and 26% of the cells, respectively. The 
glucose-induced elevation of [PtdIns4P]PM was prevented by inhibition of 
type III PI4-kinases with LY-294002, by removal of extracellular Ca2+ (n=24), 
hyperpolarization with 250 μM diazoxide (n=21) or blockage of L-type volt-
age-gated Ca2+ channels with 50 μM methoxyverapamil (n=41). Elevation of 
the cytoplasmic Ca2+ concentration by depolarization with 30 mM K+ (n=9) 
or 1 mM tolbutamide (n=7) triggered a similar rise in [PtdIns4P]PM as glu-
cose. Activation of phospholipase C with 100 µM of the muscarinic receptor 
agonist carbachol induced sustained elevation of [PtdIns4P]PM (12.5 ± 0.7% 
increase of the fluorescence ratio; n=52). In contrast to the glucose-induced 
elevation of [PtdIns4P]PM, the carbachol response persisted even after remov-
al of extracellular Ca2+ and depletion of intracellular Ca2+ stores.
Conclusion: Glucose and carbachol stimulation of insulin-secreting cells is 
associated with elevation of the plasma membrane PtdIns4P concentration. 
Whereas the glucose effect is mediated by Ca2+, carbachol operates via a Ca2+-
independent mechanism. The demonstration of stimulus-induced changes of 
the plasma membrane PtdIns4P pool reinforces the importance of this lipid 
in signaling underlying insulin secretion.

447
Glucose models cAMP-linked signalling pathways in pancreatic beta cells
J. Papin1, B. Roger1, P. Vacher2, A. Mulot1, G. Charpentier1, M. Raoux1,  
F. Pattou3, B. Vandewalle3, J.-C. Jonas4, N. Moustaïd-Moussa5, J. Lang1; 
1Umr cnrs 5248, Institut Européen de Chimie et Biologie, Université de 
Bordeaux, Pessac, France, 2Inserm u916, Institut Bergonié, Université de 
Bordeaux, France, 3Inserm u859, Laboratoire de Thérapie Cellulaire du 
Diabète, Faculté de Médecine, Lille, France, 4Unité d’Endocrinologie et 
Métabolisme, Faculté de Médecine, Université Catholique de Louvain, 
Bruxelles, Belgium, 5Department of Animal Science and University of 
Tennessee Obesity Research Center, Knoxville, United States.

Background and aims: Glucose regulates gene expression in pancreatic β-
cells and prolonged exposure to elevated levels induces considerable changes 
in acute effects of the hexose. In this study, we are investigating the long-
term effects of glucose on cell signalling pathways namely GPCR- and cAMP 
; these effects are determined using the physiologically relevant hormone glu-
cagon-like peptide 1 (GLP-1) as well as forskolin (FSK), a general activator 
of adenylyl cyclases (ADCYs) and IBMX, a general inhibitor of phosphodi-
esterases.
Materials and methods: INS-1E cells or pancreatic islets were cultured for 
24 to 72h at 5.5, 11 or 20 mM glucose (G5.5, G11, G20). Intracellular cal-
cium concentration ([Ca2+]i) was determined in single cells using micro-
spectrofluorimetry and Indo-1 as fluorescent probe, cAMP and insulin were 
measured by commercial assays. Microarray analysis was performed on Af-
fymetrix arrays (REA 230 2.0) and analyzed by ARRAY-Assist or INGENU-
ITY. Exocytosis was determined by capacitance measurements.
Results: GLP-1- or FSK-induced [Ca2+]i increases were abolished or largely 
reduced by culture of INS-1E cells for 72h at G11 or G20 as compared to 
G5.5. Similarly, increases in cAMP levels by FSK/IBMX were reduced at G20 
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and amplification of glucose effects on insulin secretion by GLP-1 or FSK 
were lost. Microarray analysis revealed profound changes at G11 and at G20 
within several canonical pathways and ranked pyruvate metabolism, glycoly-
sis, cAMP- and GPCR-mediated signalling as the most significantly affected 
(p<0.005, Fischer’s exact test). The latter two showed a loss in GLP-1 recep-
tor already at G11 and a major reduction in the calcium-sensitive adenylyl 
cyclase 8 (ADCY8) at G11 and at G20. Other ADCYs including ADCY10 or 
cAMP targets were not altered. Expression profiles were validated by quanti-
tative PCR as well as immunoblots and similar changes were observed in rat 
or human islets. Interestingly, transient re-expression of ADCY8, but not of 
GLP-1 receptor, restored GLP-1-induced calcium signalling in cells cultured 
at G20. In line with these observations, knock-down of ADCY8 in cells cul-
tured at G5.5 abolished GLP-1-induced changes in [Ca2+]i and reduced by 
two-thirds the glucose response. In contrast, thapsigargin- or KCl-induced 
changes in [Ca2+]i remained unchanged. Moreover, this knock-down abol-
ished amplification of calcium-induced exocytosis by FSK/IBMX.
Conclusion: The expression of key proteins involved in GPCR- and cAMP-
linked signalling, such as ADCY8 and GLP1R, is controlled by glucose. These 
findings strongly suggest a central role for ADCY8 in glucotoxicity.
Supported by: ALFEDIAM and the University of Bordeaux

PS 22 Beta cell metabolism
448
Protein GAS6 and its receptor Axl are expressed and operate in 
pancreatic beta cells
V.V. Sharoyko1, C. Ekman2, N. Wierup3, F. Sundler3, B. Dahlbäck2,  
H. Mulder1; 
1Clinical Sciences, Lund University, Malmo, 2Department of Laboratory 
Medicine, Section for Clinical Chemistry, Wallenberg Laboratory, Lund 
University, Malmo, 3Department of Experimental Medical Science, Lund 
University, Lund, Sweden.

Background and aims: Growth arrest-specific protein 6 (GAS6) belongs 
to the family of plasma vitamin K-dependent proteins. It shows homology 
(~40%) to the plasma anticoagulant protein S, another gamma-carboxylated 
protein. GAS6 exhibits growth factor-like effects, as it interacts with a recep-
tor tyrosine kinase: Axl. GAS6 and the Axl have further been implicated in 
inflammation and immune responses, hemostasis, and cancer. Here, we stud-
ied whether this system occurs in pancreatic islets.
Materials and methods: TaqMan qRT-PCR was used to quantify mRNA 
levels. GAS6 and Axl were detected by immunoblotting, immunocytochem-
istry and ELISA in pancreatic beta-cells. Insulin secretion was determined 
by RIA.
Results: Quantitative RT-PCR analysis demonstrated a low level of Axl 
mRNA expression in INS-1 832/13 clonal beta-cells. In contrast, expression 
of GAS6 mRNA was abundant in INS-1 832/13 cells. Immunoblotting of pro-
tein extracted from INS-1 832/13 cells with an antibody to GAS6 showed 
an immunoreactive band of the expected molecular weight (75 kD). Fur-
thermore, immunoblotting with an antibody to Axl detected expression of 
full length Axl receptor. Immunocytochemical analysis revealed that GAS6 
and Axl are expressed in mouse and rat islets. Secretion of GAS6 from INS-
1 832/13 cells was analysed in conditioned RPMI-1640 medium containing 
11.1 mM glucose in which INS-1 832/13 cells had been cultured for 24 h, 
using a highly sensitive ELISA. The level of GAS6 protein was 100 pg/ml in 
the medium (corrected for concentration of medium); this was several-fold 
higher than that in medium alone, ensuring that it is not a constituent of se-
rum. Next, we observed that glucose affects Axl receptor expression in INS-1 
832/13 cells: Axl mRNA was upregulated two-fold upon 48 h culture of INS-1 
832/13 cells in 16.7 mM glucose compared to cells cultured with 2.8 mM glu-
cose. Axl mRNA levels were reduced by 92-98% using three different siRNAs 
to Axl. Knockdown of Axl resulted in a significant decrease in glucose-stimu-
lated insulin secretion, whereas basal insulin secretion did not change. GAS6 
induces Axl-mediated PI3-kinase/Akt signalling in INS-1 832/13 beta-cells. 
Immunoblotting with an antibody to Axl[pY779] and Akt/PKB[pS473] de-
tected phosphorylation of Axl and Akt/PKB induced by 400 ng/ml GAS6. 
Axl-phosphorylation was blocked by preincubation GAS6 with soluble Axl-
receptor or GAS6 antibody. Akt-phosphorylation was inhibited by 100 nM 
wortmannin (inhibitor of PI3-kinase).
Conclusion: By using different methods we identified protein GAS6 and 
its receptor Axl in clonal beta-cells and pancreatic islets. For the first time 
we showed that GAS6/Axl system operates in pancreatic beta-cells: 1) Axl 
knockdown resulted in impairment in glucose-stimulated insulin secretion in 
beta-cells; 2) GAS6 activates Axl/PI3-kinase/Akt signalling in INS-1 832/13 
beta-cells. Studying the GAS6/Axl system opens a new avenue for research in 
pancreatic islet cell biology.
Supported by: Swedish Research Council

449
Role of mitochondrial fission and fusion in beta cell stimulus secretion 
coupling
H. Schmitt1, S. Lenzen1, S. Baltrusch1,2; 
1Institut of Clinical Biochemistry, Hannover Medical School, 2Institute 
of Medical Biochemistry and Molecular Biology, University of Rostock, 
Germany.

Background and aims: In pancreatic beta cells glucose-induced insulin 
secretion is mediated by the glucose sensor enzyme glucokinase (GK) and 
accompanied by mitochondrial membrane potential (MMP) hyperpolariza-
tion. Previous studies show, that mitochondrial fission followed by selective 
fusion segregates dysfunctional mitochondria and permits their removal by 
autophagy. Thus, this machinery is vital to maintain mitochondrial morphol-
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ogy and ATP generation. The aim of the study was to determine fusion and 
fission events in beta cells with respect to the glucose metabolism and MMP.
Materials and methods: Insulin-producing RINm5F-R-GK, expressing GK 
in response to the synthetic inducer RSL1 and primary rat beta cells were 
incubated at different glucose concentrations. The MMP was measured using 
the potentiometric dye TMRE in combination with MitoTracker Green. The 
change of MMP induced by 10 mmol/l glucose was analyzed over 60 min by 
fluorescence microscopy. The slope of the TMRE/MitoTracker Green ratio 
change of individual cells and mitochondria was calculated. Fission and fu-
sion events were determined by the use of the green to red photoconvertible 
fluorescent protein Dendra2 fused to cytochrome-c-oxidase (Dendra2-Mito). 
Photoconversion of a single mitochondrium was performed with a confocal 
microscope equipped with a second scan unit. Mitochondrial dynamics were 
analyzed with Imaris software.
Results: RINm5F-R-GK cells were pre-cultured for 48 h at 10 mmol/l glucose 
without or in the presence of 500 nmol/l of the inducer RSL 1. Thereafter 
the increase in the MMP after 90 min starvation in response to 10 mmol/
l glucose was significantly faster in cells with GK expression. Interestingly, 
RINm5F-R-GK cells pre-cultured at 30 mmol/l glucose for 48 h showed also 
a faster increase in MMP in comparison to cells pre-cultured at 10 mmol/l. 
This increase was further amplified by GK expression during pre-culture at 
30 mmol/l glucose. Likewise, in primary rat beta cells pre-culture for 48 h at 
30 mmol/l glucose resulted in a significantly faster increase in the MMP in 
comparison to cells pre-cultured at 5 mmol/l. Furthermore pre-culture at 30 
mmol/l glucose resulted in a higher cellular MMP homogeneity. Visualized 
mitochondrial morphology by Dendra2-Mito in RINm5F-R-GK cells was 
comparable to that observed with MitoTracker Green and thus, feasible to 
describe mitochondrial dynamics. Mitochondrial fusion and fission was not 
affected by GK expression, but occurs more frequently in cells pre-cultured 
at 30 mmol/l glucose.
Conclusion: GK expression temporally activates MMP hyperpolarization af-
ter glucose stimulation, but is not involved in the regulation of the mitochon-
drial morphology and maintenance of the functional network. Mitochondrial 
adaptation to high glucose exposure acts in beta cells of healthy rats. Analysis 
of mitochondrial fusion and fission with Dendra2-Mito will be a useful tool 
to analyze mitochondrial dysfunction in type 2 diabetes.

450
Isocitrate dehydrogenase 1 knockdown in INS 832/13 cells by siRNA 
increases glucose-induced insulin secretion
C. Guay, É. Pepin, M. Guèvremont, M. Madiraju, É. Joly, M. Prentki; 
Montreal Diabetes Research Center, Centre de Recherche du Centre 
Hospitalier de l’Université de Montréal, Canada.

In pancreatic β-cells, metabolic coupling factors produced by glucose metab-
olism regulate insulin secretion. Recent studies have suggested that NADPH 
could act as a metabolic coupling factor since NADPH concentration cor-
relates with glucose-induced insulin secretion (GIIS). In β-cell, very low 
amount of glucose is metabolised via the pentose phosphate pathway, such 
that cytosolic NADPH level is thought to be controlled primarily by the activ-
ity of the cytosolic isoform of malic enzyme (ME1) and of isocitrate dehydro-
genase (IDH1). In a previous study, we have shown that ME1 expression is 
important for appropriate insulin secretion in response to glucose. To inves-
tigate the role of IDH1 in GIIS, we transfected INS 832/13 cells with siRNA 
directed against IDH1. IDH1 expression at mRNA level was reduced by 70 % 
using siRNA, correlating with more than 35% decrease in IDHc activity. Sur-
prisingly, siRNA knockdown (KD) of IDH1 expression led to a 58% increase 
in insulin secretion at intermediate (5 mM) glucose and of 46% at high (10 
mM) glucose. This effect on GIIS was mediated via the KATP-independent/
amplification pathway. Basal and KCl-induced secretion were not affected by 
IDH1 KD. IDH1 KD cells showed an elevation of glucose incorporation into 
fatty acids. Taking together, the results suggest that metabolic flux through 
IDH1 may not be critical for GIIS as previously thought, and that a decrease 
in the metabolic flux through IDH1 is compensated by an elevation of pyru-
vate/citrate cycling possibly linked to enhance production of metabolic cou-
pling factors such as NADPH and malonyl-CoA. Current experiments aim at 
assessing the metabolic consequence of IDH1 KD.
Supported by: CDA, FRSQ and FESP de l’Université de Montréal

451
Q268X mutation of HNF4α/MODY1 gene affects the mitochondrial 
function in cultured living beta cells; evaluation by a new original system 
M. Ogata1, N. Iwasaki1, T. Awaji2, M. Takizawa1, R. Fujimaki1,  
K. Maruyama2, Y. Iwamoto1; 
1Diabetes Center, Tokyo Women’s Medical University, 2Department of 
Pharmacology, Saitama Medical School, Japan.

Background and aims: Mitochondrial pH is known to reflect its functional 
viability. However, there has been no useful system to measure quantitative 
and serial mitochondrial pH to date. Recently, a pH of organum has been 
successfully calculated by using fluorescence GFP, but still it is not a direct 
quantitative calculation. Here, we developed a new system to calculate mito-
chondrial pH of living cell with fluorescence. Since mitochondrial function 
of the β−cell is a key step for insulin secretion, we aimed to measure a mito-
chondrial pH of the β-cell carrying the mutation of the hepatocyte nuclear 
factor (HNF)-4α/ MODY1 gene characterized by impaired insulin secretion, 
using this unique system.
Materials and methods: A pH calculation probe consists of two probes, a pH 
dependent fluorescence Venus of which pKa ranged 7.2-8.0, and a pH inde-
pendent fluorescence mutational GFP. Mitochondrial pH calculated probe 
made by cytochrome-C subunit IV gene was fused with the pH measurement 
probe, then transfected stably in cultured β−cells, INS-1 and MIN6 cells, by 
lipofectum method. Insulin stimulating substance: glucose, tolbutamide, ar-
ginine, and potassium are applied to these cells, and calculate mitochondrial 
pH. Since Q268X mutation of the HNF4α gene is a causative mutation in 
human diabetes of autosomal dominant inheritance, we have introduced this 
mutational gene fused with JRED. These mutational genes were transfected 
to the mitochondrial pH measurement β−cells. Mitochondrial pH was cal-
culated serially and quantitatively under the stimulation of insulin secretion 
using these cells.
Results: In the wild cultured β−cells, the mitochondrial pH decreased quick-
ly by glucose and potassium, and leisurely decreased by arginine and tolbuta-
mide. A basal level of the mitochondrial pH of β−cells increased by aeration 
in a cultured medium. Interestingly, in the β−cells with Q268X mutation of 
HNF4α gene, a response to glucose was clearly disappeared, but a response to 
arginine was still shown.
Conclusion: Mitochondrial pH is decreased by insulinotropic stimulation in 
cultured β−cells. We have observed that Q268X mutation of the HNF4α af-
fected mitochondrial function in the living β−cells. This new system worked 
well and is thought to be a useful tool for evaluation of the mitochondrial 
function in the living cells.

452
Mitochondrial matrix alkalinisation serves as an essential signal for 
nutrient-induced second phase insulin secretion
A.C. Wiederkehr, C.B. Wollheim; 
Department of Cell Physiology and Metabolism, University of Geneva, 
Switzerland.

Background and aims: The mitochondrial matrix pH is more alkaline than 
the close to neutral cytosolic pH. We recently demonstrated that in the pan-
creatic beta-cell matrix pH under resting conditions is very low but increased 
substantially during nutrient stimulation. Furthermore we found matrix al-
kalinisation to be essential for nutrient-dependent mitochondrial ATP syn-
thesis in alpha toxin permeabilised INS-1E cells. Here we have tested whether 
mitochondrial matrix alkalinisation serves as a mitochondrial activation sig-
nal necessary for metabolism-secretion coupling.
Materials and methods: INS-1E cells or intact rat islets were infected with 
Adenoviruses expressing reporter proteins to measure mitochondrial pH 
(mitoAlpHi), ATP (cytosolic Luciferase), mitochondrial calcium (mito-
chondrial Aequorin) or cytosolic calcium (cytosolic YC3.6). The different 
parameters were measured using either single cell fluorescence imaging or 
by following luminescence changes. Nigericin was utilized to clamp nutrient-
dependent matrix alkalinisation. This ionophore can be used to equilibrate 
proton gradients across biological membranes with only little impact on the 
much larger potassium gradients.
Results: Nigericin (500nM) attenuated glucose-induced mitochondrial 
matrix alkalinisation, whereas cytosolic pH remained constant close to 7.1. 
Preventing mitochondrial alkalinisation and the associated increase in ΔpH 
lowered glucose-stimulated insulin secretion by more than 70%, whereas ba-
sal release was unchanged. In rat islet perifusion experiments second phase 
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insulin secretion was almost abolished by nigericin. Insulin secretion per se 
was not affected as insulin exocytosis to PKC activation (independent of mi-
tochondrial function) was normal in the presence of the ionophore. Nigercin 
also strongly reduced the glucose-mediated net increase of cytosolic ATP and 
the amplitude and frequency of cytosolic calcium transients consistent with 
the observed pronounced secretion defect. In contrast, the cytosolic calcium 
response to tolbutamide was unaffected by nigericin, demonstrating that 
nigericin did not clamp the plasma membrane potential. We find however 
that tolbutamide may in part act as a secretagogue via mitochondria as cy-
tosolic ATP levels were increased by 12% in response to tolbutamide at basal 
glucose concentration. Nigericin prevented this increase and consequently 
lowered insulin secretion to tolbutamide despite a normal cytosolic calcium 
response.
Conclusion: Attenuation of mitochondrial alkalinisation not only inhibits 
mitochondrial ATP synthesis preventing closure of KATP channels, but may 
also affect other energy-dependent aspects of insulin exocytosis. Our results 
demonstrate that matrix alkalinisation is an essential signal in metabolism-
secretion coupling.
Supported by: the European Union (EuroDia) and the Swiss National Science 
Foundation

453
Hyperthyroidism decreases islet pyruvate dehydrogenase kinase 1 
(PDHK1) expression and attenuates islet starvation adaptations
M.J. Holness1, H. Mulder2, O. Kotova2, U. Bryborn2, G.K. Greenwood1,  
M.C. Sugden1; 
1Centre for Diabetes and Metabolic Medicine, ICMS, Queen Mary 
University of London, United Kingdom, 2Unit of Molecular Metabolism, 
Department of Clinical Sciences, Lund University Diabetes Center, Lund, 
Sweden.

Background and aims: Glucose metabolism in the pancreatic β-cell controls 
glucose-stimulated insulin secretion (GSIS), the routes by which carbons 
enter and exit the TCA cycle being critical. Two major regulatory fates are 
reactions catalyzed by pyruvate carboxylase (PC) and pyruvate dehydroge-
nase (PDH), respectively. PC controls the major anaplerotic pathway in β-
cells, and its inhibition results in impaired GSIS. Inhibitory phosphorylation 
of PDC by the PDH kinases (PDHKs) conserves pyruvate for PC-mediated 
entry into the TCA cycle during starvation. Here, we aimed to determine 
whether reports of increased glucose oxidation by pancreatic islets in the 
hyperthyroid state reflected altered islet PDK expression. 
Materials and methods: Insulin secretion, PDHK expression and GSIS were 
examined in rat islets after 72 h of in vivo treatment with tri-iodothyronine.
Results: Islet PDHK1 protein expression was reduced by 61% (P<0.001), and 
PDHK2 protein expression was decreased by 27% (P<0.001), as assessed by 
Western Blot. At basal glucose (2 mM), insulin secretion by islets was unaf-
fected by hyperthyroidism. The GSIS response to hyperthyroidism differed 
depending on dietary status. Insulin secretion was decreased (by up to 58%) 
in the fed state, but the insulin secretory response to starvation (associated 
with enhanced expression of PDHK4) was attenuated.
Conclusion: We suggest that augmented PDH activity in response to hyper-
thyroidism in the fed state lowers GSIS via suppression of PC flux and pyru-
vate cycling; however, through maintenance of low PDHK1 and PDHK2 
expression, keeping PDH in a relatively dephosphorylated and active state, 
hyperthyroidism opposes the response of GSIS of pancreatic β-cells to fast-
ing.
Supported by: Diabetes UK

454
Differences in metabolic regulation between glucose responsive INS-1 
832/13 and its glucose non-responsive INS-1 832/2 sister clonal rat beta 
cell line decides their beta cell functionality
S. Malmgren1, V.V. Sharoyko1, D. Nicholls2, H. Mulder1; 
1Department of Clinical Sciences in Malmö, Lund University, Sweden, 
2Department of Experimental Medical in Lund, Lund University, Sweden.

Background and aims: The biochemical mechanisms underlying glucose-
stimulated insulin secretion from pancreatic beta-cells are not completely 
understood. The main coupling signal is a rise in ATP:ADP ratio, mainly ac-
counted for by the mitochondrion. This closes ATP-dependent K+ channels, 
depolarizating the plasma membrane. Voltage-gated Ca2+ channels opens 

and allow Ca2+ ions to flow into the cell triggering insulin vesicles to merge 
with the plasma membrane. In order to investigate the putative metabolic 
disturbances in β-cells that affects glucose-stimulated insulin secretion we in-
vestigated two subclones of INS-1 exhibiting different properties: 832/13 cells 
are glucose-responsive while the 832/2 cells are glucose-nonresponsive. The 
insulin content of the cells is the same and ATP-independent closing of K+ 
channels evokes insulin release in both cell types. This leads us to hypothesize 
that the difference in insulin response could have a metabolic origin.
Materials and methods: Insulin secretion for one hour in static incubation 
was measured by RIA. Differences in glucose metabolism were assessed by 
Extracellular flux analyzer XF24 (Seahorse Bioscience, Billerica, MA). Lac-
tate in the cells incubated at 2.8 and 16.7 mM glucose was measured using a 
colorimetric lactate assay kit (Biovision, Mountain view, CA, USA). ATP pro-
duction was measured by using an ATP monitoring reagent based on firefly 
luciferase (BioThema AB, Handen, Sweden)
Results: The INS-1 832/13 were robust secretors of insulin (>8-fold) when 
stimulated by an elevation in glucose from 2.8 mM (low glucose) to 16.7 mM 
(high glucose) whereas the same settings failed to release insulin in INS-1 
832/2. The Oxygen Consumption Rate (OCR) is basically a measurement of 
the respiratory rate in the mitochondrion. INS-1 832/13 cells showed a con-
siderable increase in OCR when stimulated with high glucose; this effect was 
abundant in INS-1 832/2. They also displayed a poorer response to the meta-
bolic modulators oligomycin, FCCP and Rotenone. The ATP production rate 
of the INS-1 832/13 was more than twice that of the INS-1 832/2 in a 14 mM 
glutamate/succinate buffer. INS-1 832/2 cells secreted 140 nmol/mg prot/h of 
lactate at high glucose while lactate secretion from the INS-1 832/13 was not 
detected. Extracellular acidification rates (ECAR) can be attributed to lactate 
and/or CO2 production. The ECAR of 832/13 cells basically paralleled the 
OCR, suggesting that it is mainly accounted for by CO2 production. In the 
832/2 cells, the ECAR was 3.6 fold higher, and increased in response to oligo-
mycin and FCCP. This suggests that increased glycolytic rate compensates for 
the inhibition of ATP production caused by these drugs.
Conclusion: We conclude that tight coupling between the glucose stimulus, 
via glycolysis, and the rate of oxygen consumption determines ATP produc-
tion. This aspect of mitochondrial metabolism is crucial for the ability of the 
β-cell to respond to high glucose with insulin secretion. The INS-1 832/2 cells 
which express LDH have regained their ability to speed up glycolysis to re-
flect energy demands and substrate levels. This gives them an advantage as it 
makes them less vulnerable but occurs at the expense of β-cell functionality, 
such as their ability to secrete insulin in response to glucose.
Supported by: Swedish Research Council
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Complement factors are expressed in pancreatic islets and affect glucose 
induced insulin secretion
V. Nagaraj1, U. Bryborn1, J. Sjölander2, A. Blom2, E. Renström1; 
1Lund University Diabetes Centre, Malmo, 2Department of Laboratory 
Medicine, Lund University, Malmo, Sweden.

Background and aims: Complement factors form an important part of the 
humoral innate immune system and have been implicated in the pathogen-
esis of autoimmune diseases, including type 1-diabetes. There is however ac-
cumulating evidence that the complement system may also be an important 
player in the development of type 2-diabetes. First, the complement system 
modulating peptide adrenomedullin is increased in patients with type 2-dia-
betes. This peptide, together with its binding partner the complement inhibi-
tor factor H, has been reported to affect insulin secretion. Furthermore, pa-
tients with type 2-diabetes exhibit increased neutrophil levels of complement 
factor 5a. C5a is produced as a result of complement activation and exerts its 
effect by binding to its receptor C5aR. In this study we have addressed the ex-
pression of the complement system in human pancreatic islets and the effects 
of adrenomedullin, Factor H and C5a on islet function.
Materials and methods: Expression in human islets: Total RNA was iso-
lated from pancreatic islets islets from 17 non-diabetic donors (6 female, 11 
male aged 26-73, BMI 17.7-29 kg/m2) using the AllPrep DNA/RNA Mini 
Kit (Qiagen) and analyzed using Gene 1.0 ST whole transcript based assays 
(Affymetrix).
Expression in rat islets and INS1 832/13 cells: Isolated rat pancreatic islets 
and cDNA from liver were used to study the complement gene expression by 
Q-RT-PCR technique with specific primers. Secretion assay: The role of C5a, 
factor H and adrenomedullin on insulin secretion was identified by insulin 
secretion assay in the presence of 2.8mM and 16.7mM glucose in Ins1 823/13 
cells.
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Results: The microarray data confirmed the presence of all the complement 
genes in human pancreatic islets. Complement genes C2, C3, C5aR, factor 
H and factor I were selected for validation in rat. The rat-derived clonal Ins1 
832/13 cells expressed low levels of the transcripts for the selected comple-
ment genes. Rat pancreatic islets exhibited higher transcript levels. Of the se-
lected transcripts expression was highest for factor H and complement com-
ponent 2 (C2) relative HPRT. The mRNA relative HPRT expression values of 
C2, factor H, C3, C5aR, and factor I were 0.047, 0.043, 0.018, 0.014, 0.0026 re-
spectively, with 0.00336, 0.00127, 0.00045, 0.00107, 0.00018 respective stand-
ard error means. Liver is considered as a rich source for the complement fac-
tors and we therefore compared expression of complement in islet with liver. 
Interestingly, it was observed that the expression of C5a mRNA was higher in 
islets than in liver. Next, we evaluated effects of factor H, adrenomedullin and 
C5a on glucose evoked insulin secretion in Ins1 832/13 cells. Adrenomedul-
lin and factor H both stimulated glucose-induced insulin secretion by 75% 
and 52%, respectively with P=0.003 and 0.003, respectively. Their simultane-
ous presence did not stimulate secretion any further. Interestingly, C5a also 
had a stimulatory action in the absence of the complement factor glucose 
stimulated insulin secretion 2.6-fold, whereas in the presence of C5a a 5.6-
fold stimulation was observed.
Conclusion: Most, if not all, complement factors are expressed in human and 
rat pancreas. Adrenomedullin, factor H and C5a all appear to stimulate insu-
lin secretion. Signalling via the C5a receptor (C5aR) is a particularly interest-
ing signalling pathway that may be involved in type 2-diabetes.
Supported by: a Linnaeus grant to Lund University Diabetes Center from the 
Swedish Research Council

PS 23 Stem cells and beta cell 
development
456
Non beta cell progenitors of beta cells in pregnant mice
S. Abouna1, R.W. Old1, S. Pelengaris2, D. Epstein3, V. Ifandi1, I. Sweeney1,  
M. Khan1; 
1Biological Sciences, University of Warwick, 2Warwick Medical School, 
University of Warwick, 3Department of Mathematics, University of 
Warwick, Coventry, United Kingdom.

Objective: Pregnancy is a physiological condition associated with a near 
doubling in maternal beta cell mass, in a relatively short period of time. In 
this state, replication of pre-existing beta cells is often presented as the main 
mechanism responsible for this expansion. The aim of this study was to criti-
cally examine whether a non-beta cell source might be also involved in the 
increase in beta cell mass.
Research design and methods: We used a double transgenic mouse (RIP-
CreERTAM/ZAP) of Dor and Melton. In this lineage tracing system, the 
cre-recombinase is expressed only in beta cells and is activated only upon 
tamoxifen exposure, leading to a conditional deletion of the translational stop 
sequence, flanked by two loxP sites, upstream of the human placental alkaline 
phosphatase (HPAP) region in the Z/AP transgene. As a result, the beta cells 
are irreversibly and heritably labelled with the HPAP reporter, in response to 
a pulse of tamoxifen before pregnancy.
Results: Following the tamoxifen-pulse, first we conclude that the lineage 
tracing system was highly specific for β-cells. Secondly, we compared the 
proportion of the β-cells as HPAP positive during a subsequent chase pe-
riod in pregnant and non-pregnant females. We observed a dilution in this 
labelling index in pregnant animal pancreata (0.33±0.06), compared to non-
pregnant controls (0.44±0.05). This difference was statistically significant (P 
=0.021, paired two-tailed t-test). We counted the numbers of HPAP-positive 
or HPAP-negative insulin-positive cells in the duct epithelium and in several 
islets in the same sections, to give the labelling index for islets and ductal 
cells. The labelling indices of insulin-positive ductal cells ( 0.25, n=44) and 
islets (0.31, n=5459) from pregnant animals were not significantly dissimilar 
(2x2 contingency table, Fisher’s exact test, P= 0.455). Consequently, we con-
cluded that β-cells associated with the pancreatic ducts were not a preferen-
tial source of new β-cells. Finally, there was no transdifferention of β-cells to 
other cell types in a two and half month period following labelling, including 
the period of pregnancy.
Conclusion: For the first time in a normal physiological condition we dem-
onstrate that pregnancy is associated not only with β-cell duplication, but 
importantly also with the activation of a non- β-cell progenitor population.
Supported by: the BBSRC , EPSRC and the Wellcome Trust

457
Modulation of islet cell mass by fetal low-calorie diet and glucocorticoid 
exposure
V.M. Schwitzgebel, E. Somm, D. Vauthay, M.L. Aubert; 
Pediatrics, University of Geneva, Switzerland.

Background and aims: Fetal adverse environment, such as insufficient ma-
ternal nutrition, placental insufficiency and stress, alters organ development 
and leads to poor fetal growth, also called intrauterine growth retardation 
(IUGR). IUGR is associated with an increased risk of perinatal mortality and 
morbidity as well as late-onset metabolic diseases, such as obesity, diabetes 
and hypertension in adulthood. In the rodent model, IUGR is induced by fe-
tal caloric restriction, by isocaloric protein restriction, by restricted placental 
blood supply or by exposure to high levels of glucocorticoids. Such experi-
mental IUGR models show a decreased beta cell mass and glucose intoler-
ance with aging. To date, the mechanisms responsible for the loss of beta cells 
are still poorly understood. The aims of the present study were: (1) to exam-
ine the effects of intrauterine caloric restriction and dexamethasone exposure 
on pancreatic islet gene expression in rats; and (2) to characterize changes in 
gene expression during postnatal catch-up growth.
Materials and methods: To induce IUGR, pregnant rats were subjected to a 
70% caloric restriction (CR) or exposed to dexamethasone (Dexa) (100 μg/
kg/d for 7 days). Islet cells were then obtained in the offspring at postnatal 
days P7 and P21 and gene expression profiles compared to cells harvested 
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from pancreases of rats with a normal birth weight. Using real-time PCR, we 
quantified the relative changes in gene expression and confirmed the micro-
array results for a group of selected genes.
Results: At P7, islet cell area and insulin content of the pancreas were sig-
nificantly reduced in the CR group in comparison to controls (p<0.05) and 
mRNAs of insulin and several beta cell markers (Pdx1, Kir6.2, Glut2 and glu-
cokinase) were down regulated by 50% to 60%. In the Dexa-exposed group 
the islet cell area was also reduced compared to controls, while the differ-
ence for insulin mRNA did not reach significance. At P21 the islet cell area 
normalized in both groups. The expression of the cell cycle gene, cyclin D1, 
was significantly decreased at P7 (by 20%), but increased markedly by P21 
(230%) in the CR group and paralleled the increase of beta cell markers such 
as insulin, Pdx1 and Glut2. In the Dexa-exposed group cyclin D1 did not 
change significantly at P7 or P21. There was no difference in the expression 
of cyclin D2 in both groups compared to controls. We also tested P16Ink4a 
to assess premature aging after IUGR, no expression was found at P7 or P21. 
At P21 the gene profile was different from P7, showing mostly a decrease in 
transcriptional regulators such as hepatocyte nuclear factor 6 (HNF6) and 
Krüppel-like factor 5 (KLF5).
Conclusion: In conclusion, we show that postnatal recovery of the islet cell 
mass after fetal stress exposure is linked to a complex regulation of different 
groups of genes, including transcription factors involved in prenatal pancreas 
development and cell cycle genes known to regulate postnatal beta cell ex-
pansion.
Supported by: the Swiss National Science Foundation

458
Liraglutide induces human beta cell proliferation, counteracts low 
density lipoprotein anti-proliferative effects and protects from IL-1beta 
induced apoptosis
S. Rütti1, R. Prazak1, H. Ellingsgaard1, R. Sibler1, L.B. Knudsen2,  
A. Von Eckardstein3, M.Y. Donath1; 
1Endocrinology and Diabetology, University Hospital, Zürich, Switzerland, 
2Novo Nordisk A/S, Malov, Denmark, 3Institute for Clinical Chemistry, 
University Hospital, Zürich, Switzerland.

Background and aims: Glucagon-like peptide 1 (GLP-1) analogs induce β-
cell proliferation and have anti-apoptotic effects in rodent islets. However, 
the proliferative capacity of human β-cell and its modulation by GLP-1 ana-
logs remain to be fully investigated. The aim of this study was to determine 
whether the GLP-1 analog liraglutide affects β-cell proliferation and to inves-
tigate whether liraglutide is able to counteract the anti-proliferative effect of 
low density lipoprotein (LDL) and the pro-apoptotic effect of interleukine-1β 
(IL-1β).
Materials and methods: Human islets from cadaveric organ donors were dis-
persed into single cells and exposed to liraglutide for 2 days and co-stained 
for Ki-67 or BrdU incorporation and insulin, allowing the determination of 
proliferative β-cells. The anti-apoptotic effects of liraglutide against 2 ng/ml 
IL-1β were tested in human islets cultured for 4 days and analyzed for cell 
death by the TUNEL assay. Mouse islets were cultured for 4 days in the pres-
ence of liraglutide and 3.1 mM LDL, isolated from healthy human plasma. 
Proliferation was assessed by analyzing BrdU incorporation.
Results: After 2 days incubation, liraglutide increased human β-cell prolif-
eration (unequivocally identified by insulin staining), in a dose dependent 
manner up to 3 fold. Moreover, 4 days incubation with liraglutide protected 
human islet cells from IL-1β induced apoptosis. LDL decreased mouse islet 
cell proliferation and this anti-proliferative effect of LDL was counteracted by 
the presence of liraglutide.
Conclusion: These results indicate that human β-cell can proliferate in vitro 
in response to liraglutide. Furthermore, liraglutide protects human islet cells 
from IL-1β induced apoptosis and counteracts the anti-proliferative effect of 
LDL in mouse islets, suggesting additional mechanisms for the anti-diabe-
togenic effects of liraglutide.

459
The downregulation of Raf-1 Kinase Inhibitor Protein (RKIP) allows the 
formation of new beta cell cluster
F.N. Pardo1,2, J. Altirriba3,4, A. Garcia3, A. Barbera1, A. Yañez2, A. Novials1,3, 
R. Gomis1,3; 
1Laboratorio de Diabetes y Obesidad, IDIBAPS, Barcelona, Spain, 2Instituto 
de Bioquimica, Universidad Austral de Chile, Valdivia, Chile, 3CIBER de 
Diabetes y Enfermedades Metabólicas Asociadas, CIBERDEM, Barcelona, 
Spain, 4Fundació Clinic per a la Recerca Biomèdica, Barcelona, Spain.

Backgrounds and aims: RKIP (raf-1 kinase inhibitor protein) is a docking 
protein that regulates different signaling pathways involved in cell prolif-
eration and apoptosis. Previous studies, performed in our laboratory, have 
demonstrated a downregulated expression of RKIP in a model of beta cell 
regeneration. To understand the role of RKIP in the plasticity of the beta cell, 
and a possible role in the inhibition in the replication, we have studied the 
pancreas in the whole knock out (KO) mouse of RKIP.
Material and methods: Morphometric studies have been performed in sam-
ples of pancreas fixed in formalin of 8-weeks old male mice, determining 
pancreas mass, beta cell mass and area. Intraperitoneal glucose tolerance test 
was performed in 8-weeks old male mice.
Results: The KO mouse shows a bigger pancreas than the wild type (1% of 
the body weight in KO and a 0.8% in WT; p<0.05). There are no differences 
between WT and KO animals in the total beta cell mass and pancreatic islet 
distribution (number of islets/mm2) but there are significant differences in the 
distribution of different beta cell area, KO animals present a higher percentage 
of insulin-positive cluster cells smaller than 1.000 um2 (KO: 71% ± 4.5, WT: 
38.4% ± 5.3; p<0.001) and a lower percentage of bigger islets. These smaller 
clusters represent an 11.28% (± 2.8) of the total mass of beta cell in the KO 
pancreas compare to the WT who has a 5.16 % ± 0.75. For otherwise, in re-
sponse to the i.p. glucose tolerance test, KO mice have not elevated the glucose, 
showing lower glycemia levels at 15 and 30 minutes (p<0.05) than WT mice.
Conclusion: With these results, we suggest that RKIP is involved in beta cell 
plasticity and its absence increases the formation of new insulin-positive 
clusters. Therefore RKIP should be considered as a new gene which controls 
formation of beta cell cluster processes in the pancreas and its modulation 
with some pharmacologic agents could be considered as a new target for the 
treatment of diabetes.
Supported by: Fundación Botín

460
Novel transgenic mice for inducible gene overexpression in pancreatic 
precursors or mature beta cells
B. Blondeau1, I. Sahly2, E. Massourides2, A. Singh-Estivalet1, D. Dorchene1, 
F. Tronche2, B. Breant1; 
1INSERM UMRS 872, 2CNRS UMR7148, Paris, France.

Background and aims: The use of genetically modified mice for condition-
al gene inactivation or gene overexpression in specific cell populations has 
helped identifying the precise role of genes in pancreatic beta cells. Previ-
ously, we have shown that the absence of glucocorticoid receptor in pancre-
atic precursor cells led to a doubled beta-cell mass while its absence in mature 
beta cells had no consequence on beta-cell mass. These results showed that 
genes may have crucial functions at precise developmental windows and that 
genetic modifications have to be controlled not only in specific cell popula-
tions but also during specific time frames. Thus, the aim of the present project 
was to generate new transgenic mice using the inducible Tetracycline system 
to overexpress genes of interest either in pancreatic precursor cells or in ma-
ture beta cells and during precise time frames.
Materials and methods: We have created two lines of mice : one with the 
expression of the tetracycline Transactivator (tTA) under the control of the 
mouse insulin 1 gene promoter (Ins-tTA, expression in mature beta cells), 
the second with the tTA under the control of Pdx-1 promoter (Pdx-tTA, ex-
pression in pancreatic precursor cells). Because minimal promoters may lead 
to ectopic expression, we used Bacterial Artificial Chromosomes containing 
large portions (>150 Kb) of the gene environment to drive the tTA expres-
sion. Mice from each line were crossed with mice that express the LacZ re-
porter gene under the control of the tetracycline response element. We then 
analyzed the sites of expression of the transgenes for each mouse line by 
determining where the reporter gene is expressed. Since this system can be 
turned off by the use of Doxycycline (Dox), we have tested if gene expression 
could be controlled during various developmental windows.
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Results: Our results show that in the Pdx-tTA mice, the transgene is expressed 
as early as embryonic (E) day 11.5 in the two pancreatic buds and at E13.5 and 
E15.5 in all pancreatic precursor cells. In the adult pancreas, the transgene is 
present in mature beta, delta and PP cells and in some acinar cells. Transgene ex-
pression was also found in the duodenum and stomach. In the Ins-tTA mice, the 
transgene is expressed from E13.5 but is restricted to beta cells. No expression in 
other organs than the pancreas was found. Next, we showed in both mouse lines 
that a 4 week-Dox treatment to adult mice was able to turn off the expression of 
the reporter gene. Moreover, when Dox was given from conception until post-
natal age, the turned off system could be re-induced upon removal of Dox.
Conclusion: In conclusion, we have generated transgenic mice in which the 
transgene is correctly targeted to precursor cells, mature beta and some acinar 
cells for Pdx-tTA mice and only to beta cells for Ins-tTA mice. The transgene 
overexpression can be controlled in time, thus providing new useful tools to 
overexpress genes in pancreatic cells during defined development periods.
Supported by: an EFSD/MSD grant, ANR grant GRAMSY, FP6 European grant 
EARNEST

461
First generation adenovirus vectors affect differentiation of human 
mesenchymal stem cells
A. Zaldumbide, F. Carlotti, I. Van der Velde-van Dijke, S. Knaän-Shanzer, 
R.C. Hoeben; 
Molecular Cell Biology - Virus and Stem Cell Biology, Leiden University 
Medical Center, Netherlands.

Background and aims: Type 1 diabetes results from a specific destruction of 
β-cell by the immune system. The restoration of the damaged β-cell popula-
tion represents an attractive challenge. In that prospect, the use of adult mes-
enchymal stem cells (MSC) would represent an attractive therapeutic option 
since they are easy to isolate and their plasticity allows them to differentiate 
into the endoderm, mesoderm and ectoderm lineage. Despite these attrac-
tive properties, the number of studies documenting efficient endocrine dif-
ferentiation remains rather limited compared to embryonic stem cell based 
strategies for instance. Our previous data showed that the use of lentivirus 
vectors to force expression of Pdx-1 and Ngn3 does not lead to robust ex-
pression of any endocrine hormones. However, many studies have reported 
some evidences of endocrine differentiation by Pdx-1 overexpression used an 
adenoviral vector. In this study we want to investigate the putative effect of 
viral carrier on BM-MSC differentiation capacities.
Materials and methods: Functionality of the Pdx-1 lentivirus has been as-
sessed by luciferase assay after co-expression in HepG2 cells of a reporter 
construct where the luciferase gene is driven by the human insulin gene pro-
moter. Lentiviral and adenoviral transduction efficiency in BM-MSC have 
been evaluated by FACS and endocrine differentiation progression deter-
mined by RT-PCR/qPCR analysis.
Results: After a first transduction with a lentivirus carrying Pdx-1, modified 
BM-MSC cells were transduced with an irrelevant and replication-deficient first-
generation human adenovirus type 5 vector endowed with the fiber of serotype 
50. The cells were maintained in high glucose containing media for 4 additional 
days. Whereas Pdx-1 modified BM-MSC cells did not show any robust sign of 
differentiation, the subsequent transduction with the adenovirus leads to ex-
pression of insulin, glucagon and somatostatin. qPCR and FACS analysis dem-
onstrated that the adenoviral transduction had little or no effect on the CMV 
promoter that drives expression Pdx-1 in the lentiviral vector, demonstrating 
that the effect observed was independent on the level of expression of Pdx-1. 
Moreover, we confirmed by qPCR that the combined treatment LV-Pdx-1 / ir-
relevant adenovirus trigger BM-MSC to the endocrine pathway since amylase 
level, used here as control for exocrine pancreas, was not affected. Although the 
molecular mechanism is still unclear it appears that an adenoviral gene prod-
uct is involved in this process since no modifications have been observed after 
Helper-Dependent (HD) adenovirus transduction. Finally, making use of hu-
man pancreatic-islet derived MSC, which poorly differentiate into adipocytes, 
we demonstrate that infection of these cells with a E1-deleted adenovirus vector 
carrying an irrelevant transgene resulted in robust adipogenic differentiation.
Conclusion: These data demonstrate that subsequent transduction of lentivi-
rally modified BM-MSC with an irrelevant first-generation human adenovi-
rus type 5 fibers 50 (HAdV5-fib50) leads to expression of insulin, glucagon, 
and somatostatin. Thus, first-generation E1-deleted adenoviruses are not in-
ert gene transfer vectors and can have a broad effect on differentiation capac-
ity of stem cells in vitro. Epigenetic modifications associated with adenoviral 
transduction could explain the effect of Pdx-1 on its target promoters.
Supported by: Dutch Diabetes Fonds
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Regulation of beta cell regeneration by the autonomous nervous system 
in pancreatectomized rat
J. Movassat, J. Pakradouni, D. Bailbé, M. Faro, B. Portha; 
University Paris Diderot, France.

Background and aim: The autonomous nervous system (ANS) regulates the 
activity of endocrine and exocrine pancreatic cells. Numerous in vitro and in 
vivo studies have shown that acetylcholine, the main neurotransmitter of the 
parasympathetic nervous system, enhances glucose-stimulated insulin secre-
tion from pancreatic beta cells while activation of sympathetic nerves inhibits 
insulin release from the islets. However the role of ANS in the growth and 
proliferation of pancreatic cells is not clearly identified.
Material and methods: We investigated the role of ANS in a model of com-
pensatory beta cell growth after 90% pancreatectomy in adult rat. In order to 
determine the impact of parasympathetic system on the regulation of beta 
cell regeneration, we performed sub-diaphragmatic vagotomy on pancreate-
ctomized adult Wistar rats. The beta cell mass was morphometrically meas-
ured 7 days after surgery. The processes of cell replication, cell neogenesis and 
apoptosis were assessed in the time period preceding the partial recovery of 
beta cell mass after pancreatectomy i.e. 8h, 24h and 48h after surgery.
Results: The follow up of the beta cell mass 7 days after pancreatectomy 
showed that beta cell regeneration was reduced by 40% in the vagotomized/
pancreatectomized group compared to the pancreatectomized group. We 
showed that during the first 48h following the pancreatectomy, the tremen-
dous increase in ductal cell proliferation normally occurring in this model is 
significantly reduced in rats with sub-diaphragmatic vagotomy. PDX-1 ex-
pression in ductal cells, a feature of beta cell neogenesis, was also reduced 
in pancreatecomized/vagotomised rats 48h after surgery when compared to 
pancreatectomized rat. Moreover, vaogotomy associated with pancreatec-
tomy significantly increased the rate of acinar cell apoptosis in the pancreas. 
Finally, beta cell replication was decreased as a consequence of vagotomy.
Conclusion: Taken together, our data show that vagotomy significantly alters 
beta cell regeneration in pancreatectomized rats suggesting that neurotrans-
mitters released by parasympathetic nervous system are important for the 
compensatory growth of beta cells in adult rats.
Supported by: Alfediam and an EFSD/Amylin grant
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Upregulation of cell differentiation-related genes in 90%-
pancreatectomized rats treated with gastrin
N. Tellez1,2, G. Joanny1,2, J. Escoriza1,2, E. Montanya1,2; 
1Lab. Diabetes and Experimental Endocrinology, IDIBELL-University 
of Barcelona, Hospital Universitari Bellvitge, L’Hospitalet de Llobregat, 
2CIBERDEM, Barcelona, Spain.

Background and aim: We have recently found that gastrin treatment im-
proved glucose tolerance and increased beta cell regeneration in pancreate-
ctomized rats through stimulation of beta cell proliferation and neogenesis. 
Here, we aimed to study the gene expression profile of beta cell neogenesis-
related genes induced by gastrin in pancreatectomized rats.
Material and Methods: Sprague-Dawley rats underwent 90% partial pan-
createctomy (90%-Px), a well established model of beta cell regeneration, 
and were treated with [15 leu] gastrin-17 (Px+Gast, n=18) or with vehicle 
(Px+V; n=17). A sham operated group was added as control (Sham, n=6). 
Pancreatic remnants were harvested on days 1, 3 (early Px) and 5, 7 (late 
Px) after pancreatectomy and processed for total RNA extraction. Gene ex-
pression was determined by quantitative real time PCR. Results: 90%-Px rats 
developed mild hyperglycemia after surgery with similar blood glucose con-
centrations between Px+V and Px+Gast groups (Blood glucose on day 7 after 
Px: Px+V=149 ± 11 mg/dl; Px+Gast=163±37 mg/dl). Gastrin treatment in-
creased ngn3 and neurod1 expression on day 1 and pdx-1, nkx6.1 and tcf1 on 
day 3 after Px (p< 0.05 compared to sham animals). In late Px, pdx-1, nkx6.1 
and pax6 gene expression levels were dramatically decreased in vehicle treat-
ed rats (p< 0.05 compared to sham animals). The lower expression of these 
transcription factors, which are crucial for maintaining the mature/function-
al beta cell phenotype, was consistent with the downregulation of the insulin 
gene expression in Px+V rats on day 7 (p< 0.05) compared to sham animals. 
In contrast, pancreatic remnants of Px+Gast rats showed sustained gene ex-
pression of all these transcription factors. Accordingly, insulin2 and glucagon 
gene expression levels were also similar in Px+Gast and normal pancreas of 
sham animals, and significantly higher than in Px+V group (p<0.05).
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Summary/Conclusion: Gastrin treatment stimulated the expression of the 
crucial transcription factors ngn3, neuroD, pdx-1 and nkx6.1 required for 
beta cell differentiation during the early phase of regeneration after 90%-Px. 
Moreover, gastrin administration resulted in the maintenance of the mature/
functional beta cell phenotype preventing pdx-1, nkx6.1 and insulin2 gene 
expression downregulation found in late Px+V rats.
Supported by: FIS PI-060891, CIBERDEM-ISCIII

464
Combined loss of the cell cycle inhibitors p21cip1 and p27kip1 reveals 
that both are dispensable for maintaining adult beta cell mass and 
function
I. Cozar-Castellano1,2, J. Kleinberger2, K. Selk2, E. Cherok2, A.F. Stewart2; 
1Hospital Universitario Puerta del Mar, Cadiz, Spain, 2Division of 
Endocrinology, University of Pittsburgh, United States.

Background and aims: β-cell replication is partially responsible for develop-
ing and maintaining beta cell mass and function. The “pRb pathway” is the 
final regulation step of the G1/S checkpoint in the β-cell cycle. In addition to 
cyclins and cyclin-dependent kinases, upstream control at the G1/S check-
point also includes cell cycle inhibitors, the CIP/KIPs and the INK4s. On the 
CIP/KIP side, p27kip1 play a role in maintaining cell cycle arrest, which be-
comes apparent only when p27kip1-null mice are placed on a high-fat diet, 
or on insulin-resistant backgrounds. p21cip1 is also a cell cycle inhibitor, but 
its loss in mice results in no obvious β-cell phenotype. Since p21 and p27 are 
functional homologues, we have investigated if it is possible that loss of one is 
compensated by the other. Three hypotheses are feasible: 1) since p21 and p27 
are required for assembly and nuclear import of cdks and D-cyclins, their loss 
will lead to dramatic beta cell failure, reductions in β-cell proliferation and 
mass, and diabetes; 2) since p21 and p27 are functional and structural homo-
logues, and are important cell cycle inhibitors, their combined loss will lead 
to robust β-cell replication, increases in beta cell mass, and marked hypoglyc-
emia; or, 3) since the G1/S checkpoint has multiple layers of redundancy and 
compensation, combined loss of p21 and p27 will have no important effect.
Matherial and methods: To address these hypothesis, we generated mice that 
are doubly deficient for p21 and p27.
Results: Mice doubly deficient for p21 and p27 prepared by two different 
breeding strategies and studied at 2 and 6 months of age, display no strik-
ing abnormalities in β-cell mass, islet number, fasting or postprandial glu-
cose or insulin concentrations, intraperitoneal glucose tolerance or any other 
evidence of metabolic or β-cell dysfunction. Preliminary examination of beta 
cell proliferation also discloses no abnormalities.
Conclusion: Together, these findings suggest that combined p21 and p27 loss 
do not have striking effects on β-cell mass or function, and support hypoth-
esis #3 above. Further, they suggest that other cell cycle inhibitors may com-
pensate for this loss. This possibility is currently under investigation.
Supported by: NIH/NIDDK grant to AFS

465
Selective removal of undifferentiated embryonic stem cells during 
differentiation towards insulin-producing cells
J.M. Gorska, S. Lenzen, O. Naujok; 
Institute of Clinical Biochemistry, Hannover Medical School, Germany.

Background and aims: Embryonic stem cells (ESCs) are attractive candi-
dates for generation of surrogate insulin-producing cells for cell replacement 
therapy in type 1 diabetes. However, the major limitation to their approval 
for clinical use is the risk of uncontrolled proliferation and teratoma forma-
tion after transplantation. This form of cellular misbehaviour constitutes a 
health risk and may contribute to functional failure of the graft. Therefore, a 
selection process must be developed for removal of residual ESCs from dif-
ferentiation cultures and for tumour prevention. To tackle this problem we 
combined an efficient protocol for differentiation of insulin-producing cells 
with negative selection of undifferentiated cells. Our aim was to establish an 
embryonic stem cell line expressing a suicide gene HSV-1 thymidine kinase 
(HSVtk) that renders cells sensitive to the prodrug Ganciclovir (GCV). HS-
Vtk cloned under the promoter of the human Pou5f1 gene (Oct4), the master 
regulator of stem cell pluripotency, allows specific elimination of embryonic 
cells and leaves differentiated populations insensitive to GCV treatment.
Materials and methods: Mouse ES-D3 cells were transfected with an expres-
sion vector carrying the HSVtk gene and eGFP under the control of the Oct4 

promoter. The clonal cell line eHSVtk was subjected to a new 4-stage differen-
tiation protocol into insulin-producing cells, comprising 7 or 14 days of 1 µM 
GCV incubation. GCV-treated and untreated cells were analyzed by RT-PCR, 
flow cytometry, Western blot and immunocytochemistry.
Results: ES cells were successfully transfected with the pOct4-HSVtk-eGFP 
construct. The clonal cell line eHSVtk remained similar to wild type cells in 
terms of morphology, ESC marker expression (SSEA-1, alkaline phosphatase, 
Oct4, Nanog) as well as the potential to follow the differentiation protocol 
into insulin-producing cells. 19 days of differentiation, including 7 days of 1 
μM GCV incubation, showed a very quick loss of eGFP fluorescence and only 
negligible populations of SSEA-1-positive cells. In contrast, untreated cultures 
were composed of up to 40 % of eGFP- and SSEA-1-positive cells. Selective 
ablation of ESCs after GCV treatment was also documented by reduction in 
expression of many important stem cell markers: alkaline phosphatase, Oct4, 
Nanog, ERas, Sox2, Rex1, Dax1, Klf4 and Nac1, both on the mRNA and pro-
tein level. After an additional 7 days of 1 μM GCV incubation, the percentage 
of eGFP- and SSEA-1-positive cells further decreased from 1.8 % to less than 
0.3 %. Also, a further significant drop in the expression of other embryonic 
markers was observed. Immunocytochemical staining of Oct4, Nanog, and 
ERas revealed barely detectable levels, unlike that of untreated cells with a 
typical embryonic pattern of staining. Finally, cells supplemented with GCV 
showed higher insulin content than those cultured without GCV.
Conclusion: The results indicate that the suicide gene HSVtk driven by the 
stem cell-specific Oct4 promoter can be used to specifically target undifferen-
tiated stem cells with teratogenic potential and effectively remove them from 
the differentiation culture. This technique, together with a new protocol for 
differentiation of ES cells into insulin-producing cells, provides the basis for a 
future application of differentiated stem cells in diabetes treatment.



Diabetologia (2009) 52:[Suppl1]S1–S550 S 189

1 C

PS 24 Islet and pancreas 
transplantation
466
Improved metabolic control and quality of life in 10 patients with type 
1 diabetes following islet after kidney transplantation: results of the 
GRAGIL 1 trial 
A. Wojtusciszyn1, C. Brault2, L. Guittard-Millat2, N. Niklauss3, L. Badet4,  
S. Demuylder3, A. Penfornis5, C. Thivolet6, C. Colin2, E. Renard1, L. Frimat7, 
F. Bayle8, L. Kessler9, T. Berney10, P. Benhamou11; 
1Endocrinology department, Lapeyronie hospital, Montpellier, France, 
2Pôle Information Médicale Evaluation Recherche clinique de Lyon, France, 
3Centre médical universitaire, Laboratoire d’isolement et de transplantation 
cellulaire, Geneva, Switzerland, 4Surgery department, CHRU Edouard 
Hériot, Lyon, France, 5Endocrinology department, CHRU, Besançon, 
France, 6Endocrinology department, CHRU Edouard Hériot, Lyon, 
France, 7Nephrology department, CHRU, Nancy, France, 8Nephrology 
department, CHRU, Grenoble, France, 9Endocrinology department, CHRU, 
Strasbourg, France, 10Surgery department, laboratoire d’isolement et de 
therapie cellulaire, Geneva, Switzerland, 11Endocrinology department, CHU, 
Grenoble, France

Background and aims: Islet transplantation with Edmonton protocol has 
proven its efficiency in non-uremic brittle diabetic patients. We report here 
the results of islet grafts with this same immunosuppression protocol in type 
1 diabetic patients with previous kidney transplantation within the GRAGIL 
group.
Patients and methods: Sixteen intra-portal islets infusions were performed 
in 10 type 1 diabetic patients with functional kidney transplant. Target islet 
equivalent number (IEQ) was 10’000/Kg of body weight administered in two 
infusions if necessary. Immunosuppression was switched on the day of trans-
plantation to regimen associating sirolimus-tacrolimus-daclizumab. Meta-
bolic results were assessed by HbA1c, fasting glycaemia and C-peptide levels. 
Insulin needs and hypoglycaemic events were quantified. Quality of life was 
evaluated by SF36 and DQOL scores.
Results: Patients were 43 years-old (median) with median diabetes duration 
of 36 years. They had received a kidney graft 7 years before. At 12 months post 
transplantation, 9/10 patients had a functional islet graft (C-peptide level> 0.5 
ng/ml). HbA1c significantly decreased from 7.1%[6.4-7.8] to 6.5%[6.4-6.7] at 
6 months and to 6.6%[5.8-6.8] at 12 months (p<0.05). Four patients were 
insulin independent at 6 months but only one at 12 months. However, insulin 
needs decreased, with a significant decrease of hypoglycaemic events, from 
30IU/day to 8IU/day (p<0.01) and 9/10 patients needed less than 30% of their 
previous insulin dose. Global quality of life scores did not reach significant 
improvement but physical activity and health perception scores were signifi-
cantly better at 12 months post transplantation. Adverse events included one 
minor peritoneal effusion, mouth ulceration (n=1) and diarrhea (n=2) with a 
need for switching sirolimus to mycophenolate mofetil in one patient.
Conclusion: Islet after kidney transplantation can restore good glycaemic 
control with a reduced occurrence of hypoglycaemia thanks to very low dose 
of insulin. Impact of this control on kidney transplant function needs further 
evaluation.

467
Islet cell aggregates are superior to islets for transplantation in 
microcapsules
E.S. O’Sullivan1, A.S. Johnson2, A. Omer1, J. Hollister-Lock1, S. Bonner-
Weir1, C.K. Colton2, G.C. Weir1; 
1Islet Transplantation and Cell Biology, Joslin Diabetes Center, Boston, 
2Chemical Engineering, Massachusetts Institute of Technology, Cambridge, 
United States.

Background and aims: Small islet-cell aggregates were studied to determine 
if their survival and function were superior to intact islets within microcap-
sules during low oxygen culture and transplantation.
Materials and methods: Islet-cell aggregates were generated by dispersing rat 
islets into single cells and allowing them to reaggregate in culture. Islets and 
islet-cell aggregates were encapsulated in barium alginate capsules and cul-
tured in low (0.5% or 2%) or normal (20%) oxygen, or transplanted. Follow-
ing culture, tissue was assessed with measurements of oxygen consumption 

rate (OCR), nuclei counts, insulin to DNA content ratio, glucose-stimulated 
insulin secretion (GSIS), and gene expression. Syngeneic transplantation 
experiments were carried out to assess tissue survival in the transplantation 
setting without an immune response, and xenogeneic transplants were per-
formed to assess whether islet-cell aggregates were superior in their ability to 
reverse diabetes in streptozocin diabetic mice.
Results: After low oxygen culture islet-cell aggregates were able to survive 
and function better than intact islets in terms of OCR, nuclei counts, insulin 
to DNA ratio, and GSIS. Culture in low oxygen (2%) resulted in maintenance 
of pre-culture levels of viable tissue (determined by OCR) in aggregates, but 
for whole islets only 61% of pre-culture viable tissue remained, p < 0.01. In 
terms of nuclei counts there was a substantial loss of tissue in the islets cul-
tured at 0.5% oxygen when compared to pre-culture values (59%; p < 0.05) 
but only modest loss of tissue in the aggregate capsules (87% of pre-culture 
values, p < 0.05). The ratio of insulin to DNA content (an index of beta cell 
viability) decreased markedly in islets cultured in 0.5% oxygen for 2 days, in 
contrast to no decline in aggregates. After 2 days of culture in 2% oxygen there 
was no difference in insulin output between low and high glucose with islets, 
whereas islet cell aggregates showed differential increased secretion to high 
glucose. Pro-inflammatory genes MCP-1 and tissue factor were expressed at 
significantly lower levels in islet cell aggregates than in whole islets (36 ± 9% 
and 59% ± 11%, p < 0.01 and 0.05, respectively) after overnight culture in 2% 
oxygen. Two weeks after encapsulated islets and aggregates were transplant-
ed into syngeneic (Lewis rat) recipients, large areas of central necrosis were 
apparent in many of the islets and were especially prominent in the larger 
islets. In contrast, encapsulated aggregates remained healthy in appearance. 
Encapsulated aggregates cured a greater proportion of diabetic xenogeneic 
transplant recipients (83%) compared to encapsulated islets (30%) (p < 0.03 
Fisher exact test, and the overall average blood glucose concentration was 
substantially lower with encapsulated aggregates. IPGTTs performed on the 
cured transplant recipients showed aggregates were as responsive as islets to a 
glucose load in terms of insulin secretion and similar to the normoglycemic 
controls.
Conclusion: The use of islet-cell aggregates with a smaller diameter than an 
intact islet reduces oxygen transport limitations to encapsulated tissue. These 
aggregates were superior to intact islets in terms of survival and function in 
low oxygen culture and under transplantation conditions.
Supported by: NIH RO1 DK 50657, JDRF, Diabetes and Wellness Foundation, 
NUI

468
Effect of hypoxia-inducible timely VEGF gene overexpression in islet 
transplantation
S.-H. Ihm1, C.-S. Kim1, M.-G. Choi1, H.-J. Yoo1, B.-W. Lee2, M. Lee3, J. Ihm4; 
1Internal Medicine, Hallym University, Anyang, 2Internal Medicine, 
Yonsei University, Seoul, 3Bioengineering, Hanyang University, Seoul, 
4Biochemistry, Kyonggi University, Suwon, Republic of Korea.

Background and aims: Hypoxic damage is one of the major causes of early 
islet graft failure. Vascular endothelial growth factor (VEGF) is known to in-
duce a pleiotropic response in favor of angiogenesis and has been investigated 
as a therapeutic gene for revascularization of islets. In particular, timely and 
localized overexpression of VEGF in hypoxic cells is desirable, since unregu-
lated VEGF expression in normal cells may induce overgrowth of endothelial 
cells. In this study, we determined the effect of hypoxia-inducible VEGF gene 
transfer on the function and revascularization of transplanted islets using a 
syngeneic mouse model.
Materials and methods: Mouse islets were transfected with hypoxia-induc-
ible gene expression vector, pRTP801-hVEGF or control vector, pSV40-
hVEGF using a non-viral carrier, Effectene. After transfection, the islets were 
incubated at the desired concentration of oxygen (normoxia, 20% oxygen; 
hypoxia, 1% oxygen) for 20 hrs, and then hVEGF expression was assessed 
by ELISA. One hundred mouse islets transfected with pRTP801-hVEGF or 
pSV40-hVEGF were transplanted under the left renal capsule of syngeneic 
STZ-induced diabetic recipients. At 7-weeks posttransplant, IPGTT and left 
nephrectomy were performed.
Results: The hVEGF level was significantly induced in the islets transfected 
with pRTP801-hVEGF and left under hypoxia condition. However, this ef-
fect was not observed in the islets transfected with pSV40-hVEGF, suggesting 
that the RTP801 promoter increased VEGF expression specifically in islets 
under hypoxia. When 100 mouse islets were transplanted into renal subcap-
sular space of STZ-induced diabetic syngeneic mouse, AUC in IPGTT at 7-
weeks after transplantation was significantly lower in recipients of pRTP801-
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hVEGF transfected islets than in recipients of pSV40-hVEGF transfected 
islets (Fig.).
Conclusion: Theses results indicate that the delivery of pRTP801-VEGF us-
ing Effectene induces VEGF level specifically under hypoxia and further en-
hances islet engraftment and preserves islet function in transplants compared 
with the pSV40-VEGF delivery. Our results suggest that the construction of 
plasmids with cytoprotective target genes and the RTP801 promotor com-
bined with nonviral delivery with Effectene may be a useful strategy for ex 
vivo gene therapy in clinical islet transplantation. 

Supported by: Innovative Research Institute for Cell Therapy, Republic of Ko-
rea

469
Influence of donor age on islet isolation and transplantation outcome
N. Niclauss1, D. Bosco1, P. Morel1, S. Demuylder-Mischler1, C. Brault2,  
P.-Y. Benhamou3, T. Berney1; 
1Department of Surgery, Hospitals and University of Geneva, Switzerland, 
2Department of Medical Information, Hospices Civiles, Lyon, France, 
3Department of Nephrology and Endocrinology, University Hospital Center, 
Grenoble, France.

Background: It has been suggested that the age of human organ donors might 
influence islet isolation and transplantation outcome in a negative way due to 
a decrease of in vivo function in islets isolated from older donors.
Methods: We retrospectively analyzed 332 islet isolations performed in our 
facilities and divided them into two groups depending on donor age (n=187 
and n=145 for below and above 50 years, respectively). Pancreata were pro-
cured and processed according to established protocols. Isolation outcome 
was determined by islet yield, success rate (>250’000 IEQ) and transplanta-
tion rate. Beta cell function was assessed in vitro by stimulation indices in 
static incubation assays. Transplanted patients were divided into two groups 
depending on donor age of islet preparations (n=49 and n= 31 patients that 
received just islets from 50 year-old donors, respectively). In vivo function 
was assessed by the newly developed secretory units of islets in transplanta-
tion (SUIT) index and the C-peptide/glucose ratio 1 month after transplanta-
tion.
Results: There was no difference in islet yields between the two groups 
(249’200 ± 11’400 and 245,900 ± 9’800 IEQ for 50 year-old donors, respec-
tively). Success rates were 45% for both groups, respectively. Overall, 85 (45%) 
islet preparations were transplanted from <50 year-old donors and 56 (39%) 
islet preparations were transplanted from >50 year-old donors. Stimulation 
indices were similar for both groups. SUIT indices and C-peptide/glucose 
ratios one month after transplantation were significantly higher in patients 
that received islets only from the younger donor population (41 ± 4 vs. 26 ± 
4, p=0.008 and 1.38 ± 0.12 vs. 0.87 ± 0.1, p=0.003, respectively).
Conclusion: Our study shows that, in our donor population, donor age does 
not influence islet isolation outcome, in contrast to islet graft function.

470
Transendoscopic islet transplantation to gastric submucosa (eGSM-ITx) 
of pigs with streptozotocine induced diabetes - preliminary results
M. Wszola1, A. Berman1, M. Fabisiak2, M. Zmudzka2, P. Domagala1,  
R. Kieszek1, A. Perkowska-Ptasinska3, M. Sabat4, K. Pawelec1, L. Kownacki5, 
K. Ostrowski1, O. Rowinski5, L. Paczek4, A. Kwiatkowski1, A. Chmura1; 
1Department of General and Transplantation Surgery, Warsaw Medical 
University, 2Veterinary Medicine, Warsaw University of Life Sciences, 
3Nephrology, Warsaw Medical University, 4Immunology, Warsaw Medical 
University, 5Radiology, Warsaw Medical University, Poland.

Islets and pancreas transplantation have become standard treatments of pa-
tients with diabetic complications.However pancreas transplantation is asso-
ciated with high incidence of complications and the long-term results of islet 
transplantation are still unsatisfactory.Loss of pancreatic islets grafts is not 
only caused by immunological reactions but also due to the site of grafting 
and IBMIR.Gastric submucosal space might be an alternative site for trans-
plantation.
The aim of this study was to assess the possibility of endoscopic islets trans-
plantation into the gastric submucosa-its efficacy and complications.
Materials and methods: 20Landrace pigs weighing 19-24kg were obtained 
for the study.7 animals were controls(C-group)and 13 were Transplantation 
group(TX group).In both groups diabetes was induced by streptozotocine
(stz)infusion at 200 mg/kg.At 7 days post stz infusion pigs of both groups 
underwent endoscopy-in group-C to assess the feasibility of gastroscopic ex-
amination under general anesthesia in pigs with diabetes and to study the 
influence of basiliximab infusion on pigs,in Tx-group to perform eGSM-ITx.
Immunosuppression consisted of tacrolimus 0,2 mg/kg and sirolimus 6mg/
m2.At 7 days post transplantation, control gastroscopy was performed to as-
sess the gastric mucosa and to take biopsies for histopathology.10 to30 days 
after eGSM-ITx Magnetic Resonance(MRI)examination was performed and 
pigs were euthanized.Stomach and pancreas were obtained at autopsy for 
histopathology.C-peptide level was assessed prior to diabetes induction, at 7 
days post induction and 3,10,30days post eGSM-ITx.Glycemia was assessed 
twice daily during the experiment.For 10 days after diabetes induction(up to 
three days after eGSM-ITx)in both groups,insulin was given to reach glyc-
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emia between 150-200mg/dl,after that period insulin was given only when 
glycemia exceeded 600 mg/dl.
Results: There were no differences in insulin requirement and glycemia up 
to the day of eGSM-ITx between the groups.Tx-group animals received a 
mean of 6000±3170 IEQ/kg.Tx-group animals had a significantly lower in-
sulin requirement and significantly lower mean glycemia since the first day 
post transplantation.This trend was observed till the end of study at 1 month.
Beginning at day 4 post eGSM-ITx pigs from the ITx-group did not receive 
insulin-in 7 cases(63 %)mean glycemia remained below 250 mg/dl;in 4 cases 
it did not exceed 450 mg/dl.C-group animals all required insulin once daily to 
keep glycemia below 600 mg/dl. There were no signs of perforation,ulceration 
or bleeding after the eGSM-ITx on gastroscopy and histopathological exami-
nation.In MRI scans unspecific thickening of gastric wall was observed at 
sites of islet deposition.
Conclusion: Transendoscopic islets transplantation into gastric submucosa 
is feasible and a safe procedure in an experimental animal setting. Its poten-
tial for clinical application in human subjects needs further studies.
Supported by: Foundation for Research and Science Development, Poland

471
Type 1 diabetic patients after successful pancreas kidney transplantation 
exhibit normal fasting and postprandial liver glycogen content despite 
systemic insulin secretion
M. Stadler1,2, C. Anderwald3, C. Göbl3, M. Krssak4, Y. Winhofer3, G. Pacini5, 
M. Bischof3, M. Haidinger3, M. Saemann3, F. Mühlbacher6, A. Luger3,  
R. Prager1,2, M. Krebs3; 
13rd Medical Department of Metabolic Diseases and Nephrology, Hietzing 
Hospital Vienna, Austria, 2Metabolic Diseases and Nephrology, Karl 
Landsteiner Institute, Vienna, Austria, 3Internal Medicine III, Medical 
University Vienna, Austria, 4Department of Radiology, Medical University 
Vienna, Austria, 5Metabolic Unit, ISIB-CNR, Padova, Italy, 6Deparment of 
Surgery, Medical University Vienna, Austria.

Background and aims: Insulin replacement in Type 1 diabetes mellitus 
(T1DM) is usually performed via a systemic (subcutaneous) instead of the 
physiologic portal route. So far it is unclear whether this systemic route of 
insulin delivery might contribute to metabolic defects in these patients. This 
hypothesis is supported by the finding that T1DM with poor glycemic control 
exhibit reduced hepatic glycogen stores. Successful pancreas kidney trans-
plantation (PKT) with systemic venous drainage is an ideal model of opti-
mized systemic insulin therapy. Therefore, the aim of the present study was 
to investigate the effects of PKT on fasting and postprandial liver glycogen 
content.
Materials and methods: Using 13C-nuclear magnetic resonance spectroscopy 
(13C-NMR), liver glycogen concentrations were assessed in 6 T1DM patients 
after successful PKT (26±2kg/m², 49±3yrs, 2f/4m, fasting glucose 86±4mg/dl, 
HbA1c 5.2±0.2%) with systemic venous drainage and in 4 matching nondia-
betic controls (CON) (25±2 kg/m², 52±3yrs, 2f/2m, 86±3 mg/dl, 5.5±0.2%) 
at fasting and after two standardized mixed meals. Fasting insulin sensitivity 
was assessed using the QUICKI-Index.
Results: Liver glycogen concentrations at fasting (PKT:185±15, 
CON:191±15mM), after breakfast (PKT:207±10, CON:205±14mM) and af-
ter lunch (PKT:233±17 vs. CON:233±11mM) were comparable in PKT and 
CON. Mean and fasting concentrations of glucose, insulin, C-peptide and 
glucagon and QUICKI were similar in PKT vs. CON. 
Conclusion:Despite systemic insulin secretion, T1DM after successful PKT 
exhibit unchanged fasting and postprandial liver glycogen stores in compari-
son with age-and BMI-matched non-diabetic controls. Thus, this study indi-
cates that systemic insulin substitution does not cause alterations of hepatic 
glycogen storage.
Supported by: Grant of the Austrian-Diabetes-Association to M.S.(2006) and 
C.A.(2004); Grant of the Austrian-National-Bank to M.K.

472
Immunosuppressive drugs inhibit rat islet cell proliferation in vitro
G. Parnaud, D. Bosco, T. Berney; 
Cell Isolation and Transplantation Center, Department of Surgery, Geneva 
University Hospital and University of Geneva, Switzerland.

Background and aims: Beta-cell replication is thought to play a significant 
role in maintaining pancreatic beta-cell mass. Whether immunosuppressive 

drugs affect replication of beta-cells in transplanted islets is not fully under-
stood. The aim of this study was to determine the effects of immunosup-
pressive drugs, used in islet transplant recipients, on islet cell replication, in 
vitro.
Materials and methods: Rat pancreatic islet cells were incubated with BrdU 
(10μM) in the presence or absence of different concentrations of cyclosporine 
A (CsA), tacrolimus, sirolimus or mycophenolate mofetil (MMF). Cell rep-
lication was determined by BrdU incorporation after 1 to 7 days of culture. 
Data are expressed as % of positive BrdU cells and as mean ± SEM for 3 or 
more independent experiments.
Results: Sirolimus (10 ng/ml) blocked almost completely islet cell prolifera-
tion from 24h (0.17±0.17 vs. 2.00±0.51; sirolimus vs. control, p<0.001) until 
7 days of treatment (0.14±0.10 vs. 23.80±3.63; sirolimus vs. control, p<0.01). 
Additionally, the inhibitory effect of sirolimus was also observed at low con-
centrations from 0.1 ng/ml (2.75±0.97 vs. 13.43±0.76; sirolimus vs. control, 
p<0.001). After 2 days of treatment, MMF also inhibited cell proliferation 
in a dose-dependent manner (control: 12.08±1.53; MMF 1μg/ml: 5.74±0.80; 
MMF 5μg/ml: 1.83±0.30; MMF 25μg/ml: 1.33±0.35%). Treatment with CsA 
(200 ng/ml) and tacrolimus (10 ng/ml) during 5 days significantly reduced 
islet cell proliferation (2.52±0.94; 3.68±1.06; 21.13±2.47 for CsA, tacrolimus 
and control, respectively (p<0.01)). None of the immunosuppressive drugs 
induced a significant increase of apoptosis. Furthermore, effect of immuno-
suppressive drugs on cell proliferation was reversible.
Conclusion: Our results indicate that immunosuppressive drugs, at thera-
peutic target concentrations, inhibit pancreatic islet cell proliferation in vitro. 
It is therefore suggested that progressive graft islet dysfunction may result, in 
part, from an impairment of beta cell replication induced by immunosup-
pressive drugs.
Supported by: an EFSD/Novartis grant
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Simultaneous pancreas kidney transplant (SPK) improves cardiovascular 
risk factors in type 1 diabetes mellitus
M.M. Teh1, S. Paramanathan1, S. Cohen2, S. Thomas1, P. Carroll1, J. Powrie1, 
J. Taylor2, J. Karalliedde1; 
1Department of Diabetes and Endocrinology, Guy’s and St Thomas’ 
Hospital, 2Renal and Transplantation, Guy’s and St Thomas’ Hospital, 
London, United Kingdom.

Background and aims: SPK is the treatment of choice in patients with type 1 
diabetes and stage 4 and 5 chronic kidney disease (CKD). Long term haemo-
dynamic and biochemical outcomes following SPK in a UK population are 
not well defined. The aim is to evaluate metabolic and biochemical variables 
in patients with type 1 diabetes following SPK in a tertiary renal centre.
Materials and methods: A retrospective analyses of successful SPK trans-
plant patients over the last 12 years. Successful SPK was defined as insulin 
and dialysis independence at most recent clinic visit. Clinical and biochemi-
cal measures were obtained from patient records prior to SPK (V1) and at the 
most recent clinic visit (V2).
Results: 47 patients (32 M, 15F) were included with a follow up of 4.2 (1.2-11) 
yrs (median & range). The age at the time of SPK was 41±7 yrs (mean±SD) 
and the duration of diabetes was 26.5±8.5 yrs. V1 to V2, systolic blood pres-
sure fell from 139±18 to 127±16mmHg and diastolic blood pressure from 
78±12 to 72±10mmHg, HbA1c (n=22) improved from 8.3±1.6 % to 5.6±0.6% 
and serum creatinine fell from 695±285 to 113± 25µmol/l (p<0.01 for all vari-
ables). There was a reduction in the number of anti-hypertensive and lipid 
lowering agents at V2 (p<0.05).
Conclusion: Successful SPK not only removes need for insulin and dialysis 
but also improves cardiovascular risk factors.
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GAD65 treatment induces high GADA but no changes in epitopes or 
adverse signs/symptoms in type 1 diabetic children
J. Ludvigsson1, C. Skoglund1, M. Cheramy1, R. Casas1, C. Hampe2; 
1Department of Clinical and Experimental Medicine, Linköping University, 
Sweden, 2Department of Medicine, Seattle, United States.

Background and aims: GAD65 treatment (Diamyd) has been shown to pre-
serve residual insulin secretion in children and adolescents with recent on-
set Type 1 diabetes (T1D), and to cause an increase of GAD auto-antibodies 
(GADA). High GADA may be associated with risks for neurological adverse 
events and we have therefore performed a clinical follow-up of patients 4 
years after GAD65-treatment, as well as studied GADA and its binding in 
more detail.
Methods: 70 T1D patients (10-18 years old) with diagnosis within the previ-
ous 18 months, were included in a double-blind, randomised, controlled trial 
receiving a primary injection on day 1 of 20 µg recombinant human GAD65-
alum (Diamyd) (n=35) or placebo (n=35) and a booster dose after 4 weeks. 
Blood samples were collected before the first injection and after 1, 3, 9, 15, 21, 
and 30 months. The serum levels and the epitope binding pattern of GADA 
were analysed. A 48 months follow-up is on-going.
Results: There were no clinical adverse events after 30 months, and none 
is seen so far in the 48 month follow-up. Patients receiving GAD65-alum or 
placebo had similar levels of GADA at baseline, but GADA were higher in 
GAD65-alum treated patients after 3 months (p=0.001), and remained so still 
after 30 months (p<0.05). There were no differences in the binding pattern of 
GADA to a number of selected epitopes of GAD. High GADA, seen in both 
groups, were not related to any signs of neurological or other clinical ad-
verse events. To further clarify the effect of treatment in the induced GADA, 
analyses of enzymatic inhibition, anti-idiotypic antibodies and subclasses of 
GADA are ongoing.
Conclusion: The effect of GAD65- treatment on the humoral response was 
antigen specific and induced a long lasting specific B cell memory, without 
inducing epitope spreading or adverse clinical events, seen so far after 48 
months follow-up.
Supported by: Barndiabetesfonden, Swedísh Research council and Diamyd Medical

475
Effect of combined oral protease and flavonol treatment in persons at 
risk for type 1 diabetes
N.C. Schloot1, K. Kempf1, G. Manzo1, P. Hanifi-Moghaddam1, S. Kappler1,  
J. Seissler2, C. Jaeger3, B. Boehm4, M. Roden1, H. Kolb1, S. Martin5; 
1Heinrich-Heine University, Institute for Clinical Diabetology, Düsseldorf, 
2Medical Clinic Innenstadt, Munich, 3Third Medical Department, Giessen, 
4Ulm University, Division of Endocrinology and Diabetes, Graduate School 
Molecular Endocrinology and Diabetes, 5Sana Clinics Düsseldorf GmbH, 
West-German Centre of Diabetes and Health, Germany.

Background and aims: Past regimens for preventing diabetes have failed 
in individuals with family history of type 1 diabetes (T1D). We examined 
in a pilot study, whether combined treatment with proteases and flavonols 
decreases the incidence of diabetes and affects immune and inflammatory 
markers.
Materials and methods: This randomised, prospective, multicenter, placebo-
controlled, double-blind study included 21 islet antibody positive first-degree 
relatives of patients with T1D, with one participant dropping out before start 
of medication. Eleven subjects (age: 12.0±8.0 years) received daily oral treat-
ment with 48mg trypsin, 90mg bromelain and 100mg rutoside, nine subjects 
(10.2±3.7 years) received placebo for at least 24 months. Serum cytokines and 
chemokines were measured at 0, 1, 3, 6 and 12 months and diabetes incidence 
was monitored for 8 years.
Results: During a total of 8 years follow up, 6 of 9 (67%) subjects on placebo 
and 4 of 11 (36%) on proteases/flavonol developed diabetes (Hazard ratio 2.1 
[0.6-7.9]). Serum concentrations of cytokines (IFN-g, IL-10, IL-13, MIF) and 
chemokines (IL-8, MIP-1ß [CCL4], MCP-1 [CCL2]) were unchanged during 
12 months in both groups. Immune mediators measured at study entry were 
not predictive of later development of T1D. No side effects were reported 
upon proteases/ flavonol treatment.

Conclusion: Proteases/flavonol treatment was found to be safe and well toler-
ated but did not significantly decrease diabetes incidence in this small group 
of subjects at increased risk for T1D. Circulating cytokines were neither re-
lated to treatment nor to later manifestation of T1D. Large clinical trials are 
needed to recognise smaller size effects of the protease/flavonol mixture on 
the progression towards T1D.
Supported by: Mucos Pharma

476
Evaluation of different regimens of a chimeric/humanized aglycosylated 
anti-CD3 monoclonal antibody (MAb), otelixizumab, in subjects with 
type 1 diabetes mellitus
M. Rosenzweig, D. Mehta, D. Forman, C. McKee, L. Vaickus; 
Tolerx, Cambridge, United States.

Background and aims: Otelixizumab is an Fc-disabled IgG1 MAb directed 
against the mature T cell antigen CD3ε. Otelixizumab is being developed for 
the treatment of autoimmune disorders, including type 1 diabetes mellitus 
(T1DM). Phase 1b/2 open-label dose-escalation studies were conducted to 
identify a regimen that minimized pro-inflammatory cytokine (PIC) release, 
immunogenicity, and perturbation of Epstein Barr Virus (EBV) immunity 
(PEI), yet preserved clinical activity and pharmacokinetic (PK) and pharma-
codynamic (PD) parameters. A prior Phase 2 study and studies in the NOD 
mouse model guided dose optimization.
Materials and methods: Over 100 T1DM adult subjects were enrolled in 3-, 
4-, and 8-day dosing studies. Eleven different regimens with total doses rang-
ing from 0.3 mg to 6.85 mg otelixizumab were assessed. Serum concentrations 
of cytokines, otelixizumab, and anti-otelixizumab antibodies were measured 
along with standard safety parameters. PD parameters were monitored us-
ing flow cytometry; EBV viral load was measured by a validated, quantitative 
PCR method.
Results: A cumulative dose of 3.1 mg otelixizumab administered over 8 days 
was identified for use in a Phase 3 clinical trial in new onset T1DM adult sub-
jects (DEFEND-1). This regimen utilizes increasing doses on the first 3 days, 
followed by 5 subsequent doses that are higher but without significant PIC 
release (suggesting that at least partial conditioning is achieved in the first 3 
days). This regimen resulted in no lymphocyte depletion or other cytopenias, 
no electrolyte abnormalities, no clinically significant changes in liver function 
tests, no rash or unexpected AEs, no SAEs, and no significant immunogenici-
ty or PEI. CD3/TCR modulation during the last 5 days of dosing ranged from 
between 25% to 40% prior to dosing and 70% to 80% just after dosing. This 
was accompanied by 30% to 40% saturation prior to dosing and 90% satura-
tion just after dosing. The pattern of CD3/TCR modulation mirrored results 
seen with efficacious dose regimens in the NOD mice. In the peripheral blood 
of T1DM subjects, increases in CD4+CD25+FOXP3+ T regulatory cells were 
observed. Lastly, preliminary results show that new onset T1DM subjects, 
beta cell function appeared to be comparable to that previously published 
with higher doses of otelixizumab (Belgian Diabetes Registry Study). Higher 
cumulative doses resulted in similar but more pronounced PK/PD changes 
and modest dose-dependent increases in immunogenicity and PIC release.
Conclusion: An optimized 8-day otelixizumab regimen was identified that re-
sulted in targeted PK/PD changes, had no significant safety issues, and was rel-
atively well tolerated. These data provided the support for choosing this dose 
regimen for evaluation in an ongoing Phase 3 clinical trial (DEFEND-1).

477
C-Peptide response and HLA genotypes in subjects with recent onset 
type 1 diabetes following immunotherapy with diapep277
R. Buzzetti1, S. Cernea2, A. Petrone1, M. Spoletini1, S. Zampetti1,  
C. Guglielmi2, C. Venditti1, P. Pozzilli2; 
1Clinical Sciences Department, Sapienza, University of Rome, 
2Endocrinology, Campus Bio-Medico, Rome, Italy.

Background and aims: In immunotherapy trials of type 1 diabetes (T1D) 
response to treatment has not been analysed according to different HLA 
genotypes (high, moderate or low risk genotypes) due to the low number of 
enrolled subjects.
Materials and methods: This analysis was carried out in 120 consecutive 
T1D subjects enrolled in double blind trials with DiaPep277. Age of patients 
ranged from 4 to 59 years (mean age 19.9 yrs. ± 10.8). Fasting C-peptide, 
glucagon-stimulated peak C-peptide (Max Cpep) and area under the curve 
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(AUC Cpep) were evaluated at study initiation (Baseline) and after 12 months 
therapy. The variances of fasting C-peptide, Max Cpep and AUC Cpep were 
analyzed using the general linear model repeated-measures procedure. This 
provided the analysis of groups of related variables representing different 
measurements of the same attribute (within-subjects factor). The model in-
cludes between-subjects factors that divides the population into groups ac-
cording to their HLA risk groups genotype and treatment (DiaPep277 treat-
ment vs. placebo).
Results: Fasting C-peptide, Max Cpep and AUC Cpep values in T1D subjects 
with low risk HLA genotypes were significantly higher than those in subjects 
with high/moderate risk HLA genotypes from baseline through 12 month 
follow up (p=0.001, p=0.02, p=0.04, respectively). These findings were inde-
pendent of age at onset. Nonetheless changes in fasting C-peptide, Max Cpep 
and AUC Cpep over the observational period did not differ significantly be-
tween subjects with low or high /moderate risk HLA risk genotypes (for all 
comparisons). No interactions were observed between HLA genotypes and 
type of treatment (Diapep277 vs. placebo) on Cpep Max Cpep and AUC 
Cpep changes from baseline through 12 month follow up.
Conclusion: T1D subjects with low risk HLA genotypes maintain higher 
C-peptide secretion irrespective of type of therapy (Diapep277 vs. placebo), 
however a different outcome might result from an analysis separating pedi-
atric vs. adult patients.

478
Treatment with alum-formulated GAD65 in type 1 diabetic children 
results in early induction of Th2 responses
S. Axelsson, M. Hjorth, L. Åkerman, J. Ludvigsson, R. Casas; 
Clinical and Experimental Medicine, Linköping University, Sweden.

Background and aims: Animal studies have shown that treatment with 
GAD65 can prevent destruction of the β-cells, by induction of immunologi-
cal tolerance and shifting the normal Th1/Th2 balance toward a Th2 response. 
In a phase II study, injection of alum-formulated GAD65 (GAD-alum) to 
children with T1D resulted in the preservation of β-cell function. Here we 
studied the immunomodulatory effect of the treatment on the early GAD65-
induced cytokine and chemokine response.
Materials and methods: Peripheral blood mononuclear cells (PBMC) from 
patients (n=70) included in the study, collected at day 0 and after 1, 3 and 9 
months, were stimulated in vitro with antigens (e.g. GAD65, IA-2 peptide, in-
sulin peptide, PHA) for 72 hours. Secretion of cytokines and chemokines was 
analyzed in cell supernatants and serum samples using Luminex. Expression 
of transcription factor FOXP3 was analyzed with real-time RT-PCR.
Results: Treatment with GAD-alum expanded a GAD65-specific T-cell 
population in the periphery that secreted the Th2 associated cytokines IL-5 
(p<0.05) and IL-13 (p<0.01), and expressed FOXP3 (p<0.05) one month after 
injection. The recall response was characterized by a broader range of cy-
tokines and chemokines in samples collected 3 and 9 months later. Remark-
ably, IL-5 and IL-13 were the only GAD65-induced cytokines that increased 
over time in the treated group (p<0.001). Similar secretion of all cytokines 
and chemokines was seen in the two groups after stimulation with placebo, 
IA-2 peptide, insulin peptide and PHA. No difference was detected in serum 
samples between the two groups.
Conclusion: Immunotherapy with GAD-alum in humans with T1D induces 
an early Th2-type specific immune response.
Supported by: Barndiabetesfonden, the Medical Research Council of Southeast 
Sweden and Diamyd Medical AB

479
GAD-alum treatment induces GAD-specific FOXP3+ cells in type 1 
diabetic children
M. Hjorth, S. Axelsson, J. Ludvigsson, R. Casas; 
Clinical and Experimental Medicine, Linköping University, Sweden.

Background and aims: We have recently shown that alum-formulated GAD65 
contributes to preservation of residual insulin secretion in newly diagnosed 
type 1 diabetic children. In parallel, the treatment induced an antigen-spe-
cific T cell population with a recall response including a broad range of cy-
tokines. Here we study the immunomodulatory effect on T cells with focus on 
CD4CD25hi cells after GAD-alum treatment.
Materials and methods: Seventy children (age 10-18) recently diagnosed with 
T1D (<18 months), fasting C-peptide >0.1 nmol/L and presence of GADA 

were randomly assigned 20µg GAD-alum (n=35) or placebo (n=35) at two oc-
casions, one month apart. Twelve healthy children (age 11-15) were included 
as reference. Peripheral blood mononuclear cells (PBMC) were stained with 
antibodies (CD4, CD25, CTLA-4, Neuropilin, FOXP3) for flow cytometry. At 
21 months PBMC were cultured over-night with GAD65 and medium alone 
and thereafter treated as previous samples. As the receptor expression was not 
normally distributed, two groups were compared with Mann-Whitney U-Test 
and three or more groups with Kruskal-Wallis test for unpaired observations.
Results: Three months after the initial injection, GAD-alum treated children 
had lower percentages of CD4CD25hi cells co-expressing Neuropilin and 
CTLA-4 (p=0.01) than the placebo group. Further, median intensity of CD-
4CD25hi cells was lower in samples from children receiving GAD-alum com-
pared to placebo (p<0.05). Interestingly, at 21 months increased percentage 
(p=0.04) and intensity (p=0.006) of GAD65-induced CD4CD25hi FOXP3+ 
cells were detected in samples from GAD-alum treated children.
Conclusion: Treatment with GAD-alum seems to decrease the inflamma-
tory process in parallel to an induction of GAD65-specific CD4CD25hi cells 
expressing FOXP3.
Supported by: Barndiabetesfonden, VR, Medical Research Council of Southeast 
Sweden and Diamyd Medical AB

480
Characterisation of patients with new onset diabetes and prospective 
follow-up from birth to diabetes onset
M. Hummel, H. Boerschmann, E. Storz, A.G. Ziegler; 
Diabetes Research Institute, Munich, Germany.

Background and aims: Type 1 diabetes (T1D) is preceded by islet autoimmu-
nity. Aim of the study is to characterize patients who have developed T1D at 
onset and compare the autoimmunity status at onset to the prediabetic period.
Materials and Methods: 55 children who developed T1D between age 1 and 
age 16 years were investigated. Unique in this cohort was that all children 
were prospectively followed from birth with repeated blood sample collec-
tion. Antibodies to insulin (IAA), GAD, and IA2, were measured in all avail-
able samples until diabetes onset.
Results: At diabetes onset, 56% of cases were positive for 3 islet autoanti-
bodies (ab), 33% of cases were positive for 2 islet abs, 11% were positive for 
1 islet ab, and no cases were autoantibody negative. At diabetes onset, IAA 
was present in 91% of the cases, GADA in 73%, and IA-2A in 71% of the 
cases. 9 of the 18 children with 2 antibodies at onset had all three antibodies 
during the prediabetic period. 1 of the 6 children with 1 antibody at onset 
had 2 antibodies and none had 3 antibodies in the prediabetic period. Two 
offspring lost IAA before onset, 5 offspring lost GADA, and 3 offspring lost 
IA2A before onset, resectively. The maximum titer of IAA was found 2.7 ± 
3.2 yrs prior to T1D onset (mean peak titer 69 U, mean onset titer 55 U), the 
maximum titer of GADA 2.4 ± 2.3 yrs (mean peak titer 191 U, mean onset 
titer 137 U), and the maximum titer of IA2A 2.0 ± 2.7 yrs (mean peak titer 
170 U, mean onset titer 82 U) prior to T1D onset, respectively. Of the 55 
cases, 22 had developed rapid progressive diabetes defined by progression 
from first autoantibody positivity to T1D within 2 yrs. In those cases T1D 
onset age ranged from 0.7 to 9.9 yrs, indicating that they were younger than 
slow progressors (mean onset age 3.1 ± 2.0 yrs vs. 8.9 ± 3.4 yrs, p<0.001).
Conclusions: Maximum expression of autoantibodies usually occurs prior to 
diabetes onset. A subgroup of rapid progressors differs by younger onset age 
and higher IAA titers from slow progressors.
Supported by: the German Research Foundation and JDRF

481
Prevention of autoimmune diabetes mellitus by modulatory antibodies 
in the LEW.1AR1-iddm rat: protective effects of CD4 modulation and 
diabetes aggravation by CTLA-4 agonism
H. Weiss, A. Siepert, M. Lehmann, M. Tiedge; 
University of Rostock, Institute of Medical Biochemistry and Molecular 
Biology, Germany.

Background and aims: The LEW.1AR1-iddm rat is an animal model of 
autoimmune diabetes mellitus with a strong genetic component and an 
incidence of 60 %. Modulation of CD4+ T cells by monoclonal antibod-
ies (mabs) is a promising approach to induce immune tolerance. It was the 
aim of this study to test whether (1) the modulating anti CD4+ antibody 
(RIB5/2) or (2) the agonistic CTLA-4 antibody (H4) could prevent autoim-
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mune diabetes and affect the cellular immune state when applied during the 
prediabetic period.
Materials and methods: Normoglycaemic LEW.1AR1-iddm rats were treated 
on day 40, 42, 44, 46 and 48 after birth with the mabs (5 x 5 mg/kg b.w.) RIB5/2 
(n = 17) or H4 (n = 16). Blood glucose was measured biweekly and blood sam-
ples were taken on day 50, 60, 75 and 120 for flow cytometry (FACS) analysis. 
Animals were killed on day 120 (normoglycaemia) or after diabetes manifesta-
tion (blood glucose > 10 mmol/l). Blood samples were analyzed for immune 
status via FACS for the T-cell markers CD4, CD8, CTLA-4 and CD25. FACS 
data were expressed as % of monuclear cell population. Pancreas samples were 
examined for beta cell destruction and immune cell infiltration.
Results: Application of RIB5/2 mab resulted in a 40 % reduction of T helper 
cells within 48 h and a 91 % reduction of CD4+ fluorescence intensity on T 
helper cells indicating modulatory receptor internalization. RIB5/2 treatment 
significantly (p<0.01) reduced diabetes incidence from 60 % to 11 %. Diabe-
tes manifestation was delayed from d 60 to d 68 (p<0.05). RIB5/2 antibody 
treatment significantly reduced the portion of CD4+ T-cells in blood on day 
50 (16 % vs. 48 %, p<0.001), day 60 (normoglycaemic 29 % vs. 46 %, p<0.001; 
diabetic 30 % vs. 48 %, p<0.05) and day 75 (36 % vs. 43 %, p<0.05) (RIB5/2 
treated cohort vs. untreated control). Blood CD8+ T-cells were increased at 
day 50 in RIB5/2 treated animals who eventually developed diabetes (39 % 
vs. 30 %, p<0.05). Interestingly, regulatory CD4+/CD25+ cells were signifi-
cantly increased in diabetic RIB5/2 treated animals on day 50 (6.2 % vs. 1.6 
%, p<0.05). H4 treatment slightly reduced the portion of blood CD8+ T-cells 
at day 50 but did not affect the portion of CD4+ T cells. The time point of 
diabetes manifestation was not different to that of the control cohort. At day 
50 regulatory CD4+/CD25+ T-cells were significantly reduced in H4-treated 
animals. The portion of CTLA-4+ T-cells was significantly increased after H4 
treatment at day 50 but significantly decreased after day 60 in rats developing 
diabetes. Treatment with the RIB5/2 or H4 mab did not affect the degree of 
islet infiltration in diabetic animals in comparison to untreated controls.
Conclusion: The modulatory downregulation of CD4 by the RIB5/2 mab during 
the critical period of islet infiltration proved to be a promising strategy to induce 
persisting tolerance against autoimmune diabetes. The increase of regulatory T 
cells could be at least in part a possible mechanism to control autoimmunity. 
Stimulation of the CTLA-4 feedback pathway showed aggravating effects upon 
beta cell autoimmunity. Thus, modulation of costimulatory pathways appears 
problematic as prevential strategy of tolerance induction in type 1 diabetes.

482
Specific immunomodulatory effect of GAD65 in type 1 diabetics
R. Casas, M. Hjorth, S. Axelsson, M. Chéramy, M. Pihl, J. Ludvigsson; 
Div of Paediatrics and Diabetes Research Center, Linköping University, 
Sweden.

Background and aims: In animals prevention of autoimmunity with GAD65 
induced immunological tolerance and shifting toward Th2 responses. We in-
tended to clarify the effect of GAD65-alum in the immune responses of type 
1 diabetic (T1D) patients.
Materials and methods: Samples from T1D children receiving 20µg rh-
GAD65-alum (n=35) or placebo (n=35) and a booster after 4 weeks were 
collected at baseline and at 1, 3, 9, 15, 21 and 30 months. Isolated PBMC 
were stained for flow cytometry with anti-CD4, CD25, CTLA-4, Neuropilin 
and FOXP3. At 21 months cells were cultured over-night with GAD65 before 
staining. After 72 hours stimulation, cytokines IL-5, -6, -10, -12, -13, -17, 
TNF- α, IFN- γ were analyzed by Luminex, FOXP3 by RT-PCR and serum 
GADA, IA-2A, tetanus toxoid and IgE by RIA.
Results: After one month GAD65 induced IL-5,-13 and FOXP3 (p<0.05) 
in GAD-alum treated. At three and nine months, IL-17, TNF-α and IFN-γ 
(p<0.05) were additionally induced, and GADA titers increased (p<0.001). 
At nine months also IL-10 was higher in GAD-alum group. Reduction of C
D4+CD25highNeuropilin+CTLA-4+ cells (p=0.01) and lower CD4+CD25high 
MFI (p<0.05) detected at three months was at nine months only observed 
in children with shorter disease duration. At 21 months GAD65 induced 
CD4+CD25highFOXP3+ cells (p<0.05) while CD4+CD25+ (p<0.005) were re-
duced. No differences in IA-2A, tetanus antibody or IgE were observed
Conclusion: GAD-alum induced long-lasting specific T and B cell memory, 
and a specific T cell population characterized by early Th2 and regulatory 
immune responses that increased over time, in parallel to reduction of the 
inflammatory process.
Supported by: Swedish Child Diabetes Foundation, Medical Research Council 
of Southeast Sweden and Diamyd Medical AB.

PS 26 Markers of autoimmunity in 
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483
Distinct phenotype and function of natural killer cells in the pancreas of 
non obese diabetic mice
H. Brauner1, M. Elemans1, S. Lemos1, C. Broberger2, D. Holmberg3,  
M. Flodström-Tullberg4, K. Kärre1, P. Höglund1; 
1Microbiology, Tumor and Cellbiology, Karolinska Institutet, Stockholm, 
2Neuroscience, Karolinska Institutet, Stockholm, 3Medical Biosciences, 
Umeå University, 4Medicine, Center for Infectious Medicine, Karolinska 
Institutet, Stockholm, Sweden.

Background and aims: Natural Killer (NK) cells are part of the early innate 
immune response and play an important role in fighting certain viruses, tu-
mours and in rejection of bone marrow transplants. A role for NK cells in 
autoimmune disease has been suggested, but the literature is conflicting. The 
objective of this study was to investigate the presence, phenotype and func-
tion of NK cells in the pancreas of non obese diabetic (NOD) mice.
Materials and methods: NK cells from NOD mice pancreases were analysed 
by immunohistochemistry and flow cytometry. Proliferation was assessed by 
BrdU-incorporation. Functional responses were recorded using antibody-
mediated stimulations and measurements of intracellular cytokines. Adop-
tive transfers were performed to investigate NK cell homing to the pancreas.
Results: NK cells infiltrated the pancreas of NOD mice at young age, had a 
distinct phenotype and proliferated more compared to spleen and pancreatic 
lymph node NK cells. NK cells could home to the pancreas in a T and B 
cell-independent fashion and adoptive transfer experiments showed that the 
spleen contained NK cells or precursors that could traffic to the pancreas, 
where they displayed the typical phenotype. Despite expression of activation 
markers, most pancreatic NK cells showed diminished IFN-γ secretion and 
degranulation compared to spleen NK cells after stimulation in vitro, reflect-
ing exhaustion. However, some pancreatic NK cells produced IFN-γ sponta-
neously, suggesting that the pancreas contains both NK cells mediating ongo-
ing effector responses and NK cells rendered hyporesponsive due to chronic 
stimulation. Pancreases from mouse strains not prone to develop diabetes 
also contained NK cells. Compared to NOD mouse pancreatic NK cells, they 
displayed less killer cell lectin-like receptor G1 (KLRG1), a marker for mature 
NK cells that have undergone proliferation, and a lower rate of proliferation 
as measured by BrdU incorporation.
Conclusion: In conclusion we show that NK cells are present in the pancreas 
of several mouse strains but show distinct properties in the NOD mouse. This 
suggests that pancreatic NK cells may be sentinel cells, which under inflam-
matory conditions could become activated, proliferate and contribute to the 
development of organ-specific autoimmune diseases such as type 1 diabetes.
Supported by: the Swedish Diabetes Association

484
Expressions of phagocyte surface receptors for apoptotic cells in the bone 
marrow-derived dendritic cells from non-obese diabetic mice
K. Takahashi, J. Satoh; 
Department of Diabetes and Metabolism, Iwate Medical University, 
Morioka, Japan.

Background and aims: Dendritic cells (DC) are professional antigen pre-
senting cells. In type 1 diabetes, DC play pivotal roles in the pathogenesis of 
this disease. When cells apoptose, they are engulfed by DC. Constituents of 
the corpse survive the intracellular processing and are recycled to the mem-
brane of DC. The presentation of yielded antigens to T cells is a central event 
in the induction and the maintenance of peripheral immune tolerance. Con-
versely, errors in this pathway contribute to the pathogenesis of autoimmune 
diseases. A variety of signals distinguish apoptotic cells from those alive, and 
a significant number of phagocyte receptors have been shown to be involved 
in sensing the presence and the uptake of apoptotic cells, which include scav-
enger receptors (SR), Fc gamma receptors (FcgR), integerins, and C-type lec-
tin-like receptors (Clec). To characterise molecular changes in CD11c+ bone 
marrow (BM)-derived DC from non-obese diabetic (NOD) mice, we recent-
ly compared transcript profiles of BMDC with those from the sister strain, 
non-obese non-diabetic (NON) mice. In the present study, we analaysed our 
microarray data focusing on these receptors for apoptotic cells, which pos-
sibly play critical roles in triggering anti-islet autoimmunity.
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Materials and methods: BM cells from 4-week-old female NOD and NON 
mice were cultivated in the presence of GM-CSF and IL-4 over 5 days, and 
of LPS for additional 2 days. The CD11c+ DC were then sorted by magnetic 
beads-conjugated anti-CD11c antibodies (MACS, Miltenyi Biotech Inc). 
RNA extracted from the CD11c+ DC from 3 independent mice (10 micro-
grams/ mouse) was pooled, and used to prepare targets for hybridization to 
the GeneChip Mouse Genome 430A Arrays (Affymetrix).
Results: Among the known receptors for apoptotic cells expressed on DC, 
CD36, MSR1/ CD204, integrin beta 5, Fcgr1, CD93/ C1qR, c-mer proto-onco-
gene tyrosine kinase (Mer), hepatitis A virus cellular receptor 2 / Tim-3, Clec4n/ 
dectin1, and Clec 4d/ dectin2 were noted to be more strongly expressed in the 
BMDC from NOD mice than those from NON mice (Table). On the contrary, 
the expressions of CD68, SRB1, integrin alpha M/ CR3, integrin alpha v, Fc-
gr2b, Fcgr3, low density lipoprotein receptor-related protein 1/ CD91, CD14, 
jumonji domain containing 6, TYRO3 protein tyrosine kinase 3, and Clec13b/ 
CD205 showed about equal intensity of expression between these strains.
Conclusion: In the present study, we showed that BMDC from NOD mice 
displayed elevated expressions of various receptors to uptake apoptotic cells 
compared to those from NON mice. Defects in apoptotic cell clearance re-
portedly contribute to the development of a lupus-like disease in the Mer-
knockout mice. Contrarily in NOD mice with autoimmune-prone back-
ground, we propose that these receptors highly expressed in BMDC from 
NOD mice possibly lead to active uptake of self-antigens, and then to the 
predisposition to autoimmune diseases.

Table. Expressions of phagocyte receptors for apoptotic cells in DC
Surface receptors NOD NON NOD/NON 

(%)
CD36 668.6 1384.1 207.0
macrophage scavenger receptor 1/ CD204 65.8 316.2 480.5
integrin beta 5 24.6 62.6 254.5
Fc receptor, IgG, high affinity I 25.2 115.0 456.3
CD93/ C1qR 78.4 192.5 245.5
c-mer proto-oncogene tyrosine kinase 45.4 154.7 340.7
hepatitis A virus cellular receptor 2 / Tim-3 29.1 68.4 235.1
C-type lectin domain family 4, member  
n/ dectin1

671 1552.6 231.4

C-type lectin domain family 4, member  
d / dectin2

154.3 365.8 237.1

485
The monocytes of type 1 diabetic patients (newly-diagnosed and long-
standing) express significantly lower intensity of cell membrane HLA-
DQ molecules compared to controls, while in long-standing patients 
very few monocytes express the surface markers CD122 (IL-2Rβ) and 
CD152 (CTLA-4)
S.A. Paschou1, A. Petsiou2, K. Hatzigianni2, E. Giotaki3, N. Kolaitis4,  
G. Vartholomatos2, A. Tsatsoulis1, G.K. Papadopoulos5; 
1Endocrinology Clinic, University of Ioannina Regional Hospital, 
2Haematology Laboratory, Molecular Biology Unit, University of Ioannina 
Regional Hospital, 3Department of Nursing, Epirus Institute of Technology, 
Ioannina, 4Haematology Laboratory, University of Ioannina Regional 
Hospital, 5Laboratory of Biochemistry and Biophysics, Epirus Institute of 
Technology, Arta, Greece.
Background and aims: The monocytes are the main antigen-presenting cells 
in the body, playing an important role in autoimmunity. We have investi-
gated the expression of key markers on monocytes (presence and intensity) 
that are important hereditary factors for type 1 diabetes (HLA-DQ, CTLA-4), 
and important in immune function (IL-2Rβ, CD122, TGFβ, and TGFβRII), 
particularly the generation and maintenance of Tregs, in type 1 diabetes (t1d) 
patients and controls.
Materials and methods: Peripheral blood from 13 newly-diagnosed type 1 
diabetes patients (mean age 12.5 +/- 9.4 years, 9M/4F), including 5 followed-
up 2 years later, 26 patients with long-standing disease (mean disease dura-
tion 13.8 years, mean age 26.7 +/- 9.2 years 12M/14F) and 32 healthy controls 
having no first or second degree relatives suffering from autoimmune dis-
eases (mean age 25.3 +/-11 years,13M/19F), was analyzed via flow cytometry 
for the above characteristics of the monocyte population.
Results: Monocytes from all three groups uniformly expressed to high in-
tensity HLA-DR molecules, with little differences in percent or intensity. By 

contrast, there was a significantly lower level of expression of HLA-DQ in the 
monocytes of t1d patients (MFI 111.53 +/- 40.02, 100.6 +/- 50.58, 157.70 +/- 
104.41), of long-term, newly-diagnosed patients, and controls, respectively 
(p=0.032 and p=0.02, compared to controls, respectively). Very few mono-
cytes of patients with long-lasting diabetes expressed IL-2Rβ (1.11 +/- 2.35 
% vs. 23.12 +/- 22.52 % of newly-diagnosed patients and 23.56 +/- 25.90 % 
of controls; p=0.006 and p<0.001, respectively), or CTLA-4 (8.89 +/- 6.49 
% vs. 25.31 +/- 28.79 % of newly-diagnosed patients and 23.67 +/- 27.17 of 
controls; p=0.064 and p=0.007, respectively). By contrast, cell surface expres-
sion of TGFβ, and TGFβRII was found in 23.77%, 32.39% and 36.42%, as well 
as 59.42%, 46.42% and 52.58% of long-term, newly-diagnosed t1d patients 
and controls, respectively (ns). In the 5 newly-diagnosed patients followed 2-
years post onset, the surface expression of IL-2Rβ was significantly decreased 
to 0.24 +/- 0.19% of the monocytes (p=0.005), while CTLA-4 expression was 
non-significantly decreased.
Conclusion: The decrease in HLA-DQ monocyte cell membrane density in 
t1d patients may be due to the specific susceptibility alleles expressed by these 
patients and must be pursued along this line. By contrast, the significantly 
lower percent of monocytes bearing IL-2Rβ or CTLA-4 in long-standing t1d 
patients, appears to be manifested as early as 2 years post onset, and may 
signify decreased ability to participate in immune-regulatory networks. The 
documented presence of cell membrane TGFβ and TGFβRII, may signify ad-
ditional factors in these networks.
Supported by: a grant (to GKP) of the programme ARCHIMEDES
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Association of adiponectin, IL-1ra, IP10 and number of islet 
autoantibodies with progression patterns of type 1 diabetes the first year 
after diagnosis
A. Kaas1, C. Pfleger2, P. Hougaard3, L. Hansen1, N.C. Schloot4,5, B.O. Roep6, 
H.B. Mortensen1, Hvidøre Study Group on Childhood Diabetes; 
1Department of Paediatrics, Glostrup University Hospital, Denmark, 
2Institute for Clinical Diabetology at the German Diabetes Centre, Leibniz 
center for Diabetes research at the Heinrich-Heine Universität Düsseldorf, 
Germany, 3Statistics, University of Southern Denmark, Odense, Denmark, 
4Clinic for Internal Medicine/ Metabolic diseases, University Hospital, 
Düsseldorf, Germany, 5Institute for Clinical Diabetology at the German 
Diabetes Centre, Leibniz center for Diabetes research at the Heinrich-Heine 
University Düsseldorf, Germany, 6Department of Immunohaematology and 
Blood Transfusion, Leiden University Medical Center, Netherlands.

Background and aims: Progression of type 1 diabetes after diagnosis is poor-
ly understood. Our aim was to define distinct patterns of disease progression 
of juvenile-onset type 1 diabetes determined by preserved β-cell function, 
and further to assess the relation between disease progression and systemic 
cytokine concentrations and number of autoantibodies, the first year after 
diagnosis.
Materials and methods: Juvenile patients were subjected to a meal-stimu-
lated C-peptide-test 1, 6, and 12 months after diagnosis with type 1 diabe-
tes. On basis of C-peptide course from 1-6 months four progression groups 
were defined: patients with persistently low β-cell function (“stable-low”), 
patients with a rapid loss in β-cell function (rapid progressers), a slow loss 
in β-cell function (slow progressers) and patients with increased β-cell func-
tion (remitters). Serum concentrations of adiponectin, IL-1ra and IP10 were 
measured at 1, 6, and 12 months. GAD, IA-2A and ICA, were measured at 1 
month.
Results: Serum adiponectin concentrations measured at 1 month predict 
disease progression at 6 months (p=0.04). Patients with adiponectin within 
the lowest quartile had a significant higher probability of becoming remitters 
than rapid progressers, OR 3.1 (1.3-7.6). At 6 and 12 months adiponectin 
differed significant between the groups (p=0.03 and p=0.006) with highest 
concentrations among stable-low and rapid progressers. IL-1ra and IP10 did 
not differ between the groups at any time point. Yet, rapid progressers showed 
significant decreases of IP10 from 1-6 months (p=0.0007). Number of au-
toantibodies differed significantly between the groups at 1 month (p=0.05), 
with rapid progressers having the highest number.
Conclusion: We defined distinct progression patterns distinguishing patients 
progressing rapidly from those diagnosed with low β-cell function, as well as 
patients with slow disease from those with actually improving β-cell func-
tion, pointing to different mechanisms of disease progression. We found that 
adiponectin concentration at 1 month predicts and associate with particular 
patterns of progression at 6 and 12 months. This indicates that adiponectin 
could be a potential biomarker for disease progression. 
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Latent autoimmune diabetes in adults vs recent-onset type 1 diabetes: 
differences in autoantibody levels, clinical and metabolic parameters 
were independent of the age of type 1 diabetes onset
L.Z. Lukic, N.M. Lalic, A. Jotic, T. Milicic, M. Zamaklar, K. Lalic,  
N. Rajkovic, J.P. Seferovic-Mitrovic, M. Macesic; 
Institute for Endocrinology, Belgrade, Serbia.

Background and aims: Previous studies have shown that Latent Autoim-
mune Diabetes in Adults (LADA) represents slowly developing form of Type 
1 Diabetes (T1D), exhibiting similar as well as discrepant immunological, 
clinical and metabolic characteristics compared to recent-onset T1D. These 
similarities and differences between the two disorders were suggested to de-
pend on the age of onset of T1D but they have not yet been clarified. There-
fore the aim of this study was to compare: (a) the incidence of glutamic acid 
decarboxilase (GAD) and thyrosin phosphatase (IA2) autoantibody positiv-
ity, (b) clinical course and (c) insulin secretory capacity during the first year 
of the disease in: (A) LADA patients (group A) and (B) adult recent-onset 
T1D patients (group B) divided into subgroups in accordance to different age 
of onset (age < 20 yrs, group B1, n=22; age 20-25 yrs, group B2, n=39; age > 
26 yrs, group B3, n=29).
Materials and methods: LADA was defined as diabetes without the need for 
insulin treatment during first 6 months after the onset of disease in patients 
aged > 35yrs. T1D was diagnosed in accordance to the WHO criteria. All pa-
tients were analysed in insulin requiring state. The GADA and IA2 positivity 
was determined by RIA. The clinical course was evaluated using the follow-
ing parameters: duration of simptoms before diagnosis, frequency of ketosis, 
weight loss and incidence of clinical remission (CR). The CR was defined as 
optimal metabolic control without insulin lasting >30 days. The insulin secre-
tion capacity was evaluated by determining C-peptide levels (RIA) before and 
after 1 mg i.v. glucagon stimulation (0/6 min).
Results: We found that percentages both of GADA and IA2 positive patients 
were lower in group A compared to all subgroups of the group B (A:3.7% vs 
B1:63.6; B2:59.3; B3:14.3%; p<0.001). However, the percentage of single posi-
tivity for GADA was higher in group A in comparison to all subgroups of the 
group B (A: 92.6% vs B1:4.5; B2:10.3; B3:65.3%, p<0.001). On the other hand, 
the percentage of single positivity for IA2 was lower in group A than in the B 
subgroups (A:3.7% vs B1:28.2; B2:27.3%, p<0.001, B3:3.6%, p=NS). Simulta-
neously, we detected significantly longer duration of simptoms (A:7.57±0.87 
vs B1:2.73±1.67; B2 2.12±1.64; B3 2.83±197 months, p<0.01), lower frequency 
of ketosis (A:19.2% vs B1:61.9; B2:53.8; B3:50%, p<0.01), and smaller weight 
loss (A:4.03±2.18 vs B1:7.80±3.47; B2:6.34±3.26; B3: 6.73±3.64 kg, p<0.05) in 
group A than in all B subgroups. However, the basal and stimulated C peptide 
levels were significantly higher in group A than in all B subgroups ( 0 min 
A: 0.37 vs B1:0.18; B2:0.19; B3:0.20 nmol/l, p<0.01; 6 min A: 0.53 vs B1:0.2; 
B2:0.33; B3:0.35 nmol/l, p<0.01). In addition, the incidence of clinical remis-
sion was significantly lower in group A than in all B subgroups (A:13.8% vs 
B1:63.6; B2:59.0; B3:41.4%, p<0.05).
Conclusion: Our results have demonstrated that patients with LADA exhib-
ited lower autoantibody response, together with milder clinical course and 
better preserved insulin secretion capacity, as well as less frequent CR in 
comparison to the recent-onset T1D. In additon, our results have shown that 
these differences were not dependent on the age of onset of T1D.
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Association of immune reactivity with metabolic control in new-onset 
type 1 diabetes patients
C. Pfleger1, G. Meierhoff1,2, N.C. Schloot1; 
1Institute of Clinical Diabetology, German Diabetes Center, Leibniz Institute 
for Diabetes Research at Heinrich-Heine-University, 2Center for Internal 
Medicine, Heinrich-Heine-University, Düsseldorf, Germany.

Background and aims: Previously, we reported an association of T-cell reac-
tivity measured by ELISPOT with ß-cell function determined by stimulated 
C-peptide in the context of a prospective placebo controlled intervention trial 
in recent type 1 diabetes.
In a sub analysis, we have tested independently for additional associations 
of T-cell reactivity with metabolic control as determined by A1C and blood 
glucose.
Materials and methods: 50 adult (mean age 27.26 ±8.1 years) and 49 pediat-
ric patients (mean age 10.9 ±2.8 years) with recent onset type 1 diabetes were 
included in the DiaPep277 Trial. We investigated secretion of IFN-γ (Th1), 

interleukin (IL)-5 and IL-13 (Th2) and IL-10 (Treg) by peripheral mononu-
clear cells (PBMC) upon stimulation with islet antigens peptide fragment of 
Islet Antigen 2 (pIA2), heat shock protein 60 (hsp60) or glutamic acid de-
carboxylase (GAD65) by ELISPOT according to the Peakman protocol. Cy-
tokine responses entered regression analysis corrected for background signal 
as stimulation indices. Regression analysis included cytokine responses as 
dependent variable, A1c and blood glucose as independent variable. Analysis 
was adjusted for confounding factors such as sex, age, BMI, DiaPep277 treat-
ment, HLA and AUC C-peptide.
Results: Cytokine secretion of PBMC upon islet antigen stimulation showed 
associations with A1C and blood glucose in adults and children.
In adults, response of Th1 related IFN-γ upon stimulation with GAD65 was 
positively associated with A1C (p=0.027) but negatively with blood glucose 
(p=0.002) at week 30. In addition, secretion of IL-10 upon stimulation with 
GAD65 was positively associated with A1C (p=0.042) at week 8.
In children, IL-13 showed negative associations with A1C but positive asso-
ciations with blood glucose upon stimulation with GAD65 and pIA2 at week 
8 (all, p<0.05). In addition, IL-13 showed negative associations with A1C 
upon stimulation with GAD65 at week 30 and 78 and hsp60 at week 78 (all, 
p<0.05). As in adults, IL-10 response showed positive association with A1C 
but negative association with blood glucose upon stimulation with hsp60 and 
GAD65 at week 0 and 8, respectively (all, p<0.05).
Conclusion: Cytokine secretion of PBMC upon stimulation with islet anti-
gens was associated with metabolic control as determined by A1C and blood 
glucose in both adults and children. The association of A1C with immune 
response may give a basis for the observation by others that worse metabolic 
control leads to worse clinical outcome. Higher A1c was associated with in-
creased response of Th1 related IFN-γ in adults and with decreased response 
of Th2 related IL-13 in children. IL-10 response was positively associated with 
A1c in paediatric and adult patients which may reflect a counter-regulatory 
attempt of the immune system to regulate immune reactivity.
We thank ANDROMEDA for providing DiaPep277
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Positive correlation between the serum DPP-4 enzymatic activity and the 
CD3+ lymphocyte membrane bound CD26 expression in patients with 
type 1 diabetes mellitus
V. Timea, A. Somogyi, G. Nagy, Z. Tulassay, G. Firneisz; 
Semmelweis University 2nd Department of Medicine, Budapest, Hungary.

Background and aims: Serum dipeptidyl peptidase-4 (identical to CD26) 
has an important role in carbohydrate metabolism with the degradation of 
incretin-hormones (GIP, GLP-1). Membrane bound CD26 is widely present 
in the human body among many other cell types it is also expressed on the 
surface of lymphocytes. Both the soluble and the membrane bound form of 
CD26 can modulate in vitro T-cell proliferation and the serum enzymatic 
activity is also sometimes used as a marker of T-cell activation. DPP-4 inhibi-
tors have convincingly demonstrated their beneficial effect in the treatment 
of type 2 diabetes, however little amount of data are available on the role of 
CD26 in type 1 diabetes mellitus.
Materials and methods: Thirty-five (F/M=17/18, mean age: 34.7yrs) patients 
with T1DM, and 27 (F/M=15/12 mean age:28.4yrs) young healthy volunteers 
were included in the study. Fasting serum DPP-4 activity was assessed in all 
the 62 individuals. Years from diagnosis of diabetes: 14.39 yrs, (95%CI: 10.6-
18.2yrs). Serum DPP-4 activity was measured by microplate-based (Multi-
skan-Plus-MKII, Labsystem at 405 nm, 25°C for 30 min) kinetic assay. Gly-
Pro-pNA (Bachem, Bubendorf, Switzerland) was used as substrate. Results 
are expressed in nmol/ml/min (U/L) pNA hydrolysis. Membrane bound 
CD26 expression was evaluated on CD3+ and CD4+ lymphocytes by Fluo-
rescence Activated Cell Sorting method in a FACS Excalibur System. Results 
are expressed in fluorescens unit (FU). Kolmogorov-Smirnov normality test, 
two tailed T-test and Pearson correlation was used.
Results: We experienced a significant increase in the fasting serum DPP-4 
enzyme activity in type 1 diabetes (30.35U/L, 95%CI: 28.1-32.6) compared 
to healthy individuals (23.18U/L, 95%CI: 21.26- 25.1, two-tailed p< 0.0001). 
CD26 expression on CD3+ and on its subpopulation CD4+ lymphocytes was 
not increased in T1DM compared to healthy subjects. However we found 
significant positive correlation between the CD26 expression on CD3+ lym-
phocytes and the serum DPP-4 enzyme activity within the T1DM group 
(r2=0.14; r=0.38; p = 0.036; Figure 1).
Conclusion: The significant positive correlation between the CD3+ lym-
phocyte membrane bound CD26 expression and the fasting serum DPP-4 
enzymatic activity in type 1 diabetes mellitus might support the hypothesis 
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that the excess DPP-4 activity in the serum of patients with T1DM might 
in part be the consequence of the autoimmune process. However the low r2 
value indicates that this correlation could not entirely be taken into consid-
eration for the significant increase in serum DPP-4 activity in T1DM.

Supported by: OTKA Grant PD 73606, Hungarian Diabetes Association, ETT 
448/2006 Somogyi A
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Zinc transporter 8 autoantibody in Chinese type 1 diabetes
L. Yang1, S. Luo1, G. Huang1, J. Peng1, X. Li1, J. Lin1, X. Yan1,  
H.W. Davidson2, J.C. Hutton2, Z. Zhou1; 
1Endocrinology of Second Xiangya Hospital, Diabetes Center of Central 
South University, Changsha, China, 2Barbara Davis Center for Childhood 
Diabetes, University of Colorado at Denver and Health Sciences Center, 
Aurora, United States.

Background and aims: Zinc transporter 8 (ZnT8) is a member of the SLC30A 
family that play a critical role in insulin maturation, storage and secretion in β 
cells. ZnT8 was recently identified as a major autoantigen in the development 
of Caucasian type 1 diabetes (T1D). The present study aimed to evaluate the 
diagnostic utility of ZnT8A for autoimmune T1D in Chinese patients.
Materials and methods: Radioligand binding assays based on human ZnT8 
carboxytermini (amino acids 268-369) carrying 325Arg (CR) and a dimeric 
construct of 325Arg and 325Trp (CW-CR) were used to evaluate ZnT8A in 
a group of 429 T1D diabetic patients, 555 type 2 diabetic (T2D) patients and 
405 healthy controls. T1D patients were divided into Ab+ and Ab- T1D sub-
sets according to their glutamate decarboxylase antibody (GADA) and pro-
tein tyrosine phosphatase antibody (IA-2A) status and the ZnT8A distribu-
tions were analyzed in the two subsets. The clinical characteristics were also 
compared among GADA+, IA-2A+, ZnT8A+ alone and Ab- groups.
Results: The prevalence of ZnT8A in T1D patients of 24.2% (105/429), was 
markedly higher than that in T2D 1.9% (10/555) and controls 1.0% (4/405) 
(both P <0.001). ZnT8A and IA-2A in newly diagnosed Chinese T1D patients 
were less prevalent than in Caucasian populations (both P<0.001) , though 
not different from that in Japanese. Moreover, ZnT8A were more prevalent in 
the leaner cases in Ab-T1D subset. ZnT8A levels were correlated with IA2-A 
(R=0.211, P=0.001) but not with GADA (R= -0.107, P=0.093). The diagnostic 
sensitivity of autoimmune diabetes reached 65.3% when combining 3 anti-
bodies (GADA, IA-2A and ZnT8A ). About16 % (28/177) of T1D cases, who 
were negative for GADA and/or IA-2A, tested ZnT8A positive. Such indi-
viduals had longer duration of disease, a higher requirement for insulin (both 
P<0.05), yet presented with lower glycemia, higher fasting C-peptide and 
higher body weight than GADA+ or IA-2A+ subjects alone (P<0.05~0.001).
Conclusion: ZnT8A is an independent marker of ß-cell autoimmunity in 
GADA /IA-2A negative T1D cases and improved the diagnostic sensitivity of 
immune-mediated T1D when combined with GADA and/or IA-2A. Moreo-
ver, ZnT8A identified a milder T1D subset, intermediate between the pheno-
types of GADA+/IA-2A+ alone T1D and Ab-T1D.
Supported by: Doctorate Foundation of National Ministry of Education of 
China
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Epitope analysis of GAD65 autoantibodies in type 1 diabetes and LADA 
patients with thyroid autoimmunity
P. Jin, G. Huang, W.-D. Zhou, Y.-F. Xiang, Z.-G. Zhou; 
Diabetes Center, Metabolic Syndrome Research Center,Institute of 
Metabolism and Endorcrinology, 2nd Xiangya Hospital, Central South 
University, Changsha, Hunan, China.

Background and aims: Type 1 diabetes (T1DM) is frequently associated with 
autoimmune thyroid diseases (AITD). Latent autoimmune diabetes in adults 
(LADA) is a slowly progressive form of autoimmune diabetes, which also has 
high risk for thyroid autoimmunity. GAD65Ab is one important antibody in 
T1DM and LADA patients, but it also found in AITDs. This study was aimed 
to investigate the epitopes of GAD65 autoantibodies in T1DM and LADA 
patients with and without thyroid autoimmunity.
Materials and methods: The GADAb levels and their relative epitope re-
activities to N-terminal (GAD65-N), Middle (GAD65-M) and C-terminal 
(GAD65-C) regions of human GAD65 were measured by radioligand im-
munoassay in 112 T1DM, 107 LADA patients. TPO-Ab and TG-Ab were 
measured by radioimmunoassay.
Results: Antibodies reactivity to N-terminal,Middle,C-terminal epitope of 
GAD65 was 11.6%,31.2%,68.8% in T1DM patients and 22.4%,31.8%,47.7% 
in LADA patients respectively. GAD65Ab reacting with the N-terminal 
epitope were more common in LADA than in T1DM patients (22.4% vs 
11.6%, P=0.002). More T1DM patients recognized C- terminal of GAD65 
than LADA patients (68.8% vs 47.7%, P=0.002). LADA patients with M+C-
predominant GAD65Ab reactivity have higher risk for thyroid autoimmu-
nity, lower C-peptide level and the requirement for insulin therapy compared 
with non-M+C-reactive patients (P<0.05). Compared with those without 
thyroid autoimmunity, more T1DM patients and LADA patients with thyroid 
autoimmunity had antibodies directed to both GAD65-M and GAD65-C 
(46.0% vs 14.5% and 51.6% vs 18.4% respectively, P<0.001).Multiple logistic 
regression shown that GAD65-M+CAb positivity was significantly associ-
ated with thyroid autoimmunity in T1DM and LADA patients (OR=5.016 
and 4.724 respectively, P<0.05).
Conclusion: The majority of T1DM and LADA patients had antibodies di-
rected to Middle and C-terminal epitopes of GAD65. LADA patients with 
M+C-predominant GAD65 reactivity have clinical features similar to those 
of T1DM patient. T1DM and LADA patients with GAD65-M+C epitopes 
specific reactivity showed an increase risk for thyroid autoimmunity.
Supported by: National Natural Science Foundation of China
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Common and unique environmental events associated with innate and 
adaptive immunity in type 1 diabetes
H. Beyan1, H. Riese2, M.I. Hawa1, G. Beretta1,3, H.W. Davidson3,  
J.C. Hutton3, H. Snieder2, B.O. Boehm4, R.D. Leslie1; 
1Centre for Diabetes and Metabolic Medicine, St Bartholomew’s Hospital, 
London, United Kingdom, 2Unit of Genetic Epidemiology & Bioinformatics, 
Department of Epidemiology, University Medical Center Groningen, 
University of Groningen, Netherlands, 3University of Colorado, Denver, 
United States, 4Division of Endocrinology and Diabetes, University Medical 
Center Ulm, Germany.

Background and aims: Type 1 diabetes mellitus is caused by destructive 
adaptive and innate immune responses. Serum diabetes-associated autoan-
tibodies, to glutamic acid decarboxylase (GADA), insulinoma-associated an-
tigen-2 (IA-2A) and zinc transporter-8 (ZnT8A), reflect adaptive immunity, 
while carboxy-methyl-lysine (CML), an advanced glycation end-product, is 
associated with proinflammation and innate immunity. We assessed whether 
genetic or environmental factors determine serum autoantibodies and CML 
levels in type 1 diabetes.
Materials and methods: Serum autoantibodies and CML were determined 
in two prospective studies: a classical twin study of twins discordant for type 
1 diabetes (32 monozygotic (MZ), 32 dizygotic (DZ) pairs) and a population 
study of 7,287 normal subjects. CML levels were determined by ELISA, au-
toantibodies by radio-immunoprecipitation,
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Results: Baseline CML and autoantibodies predicted diabetes additively. 
CML levels were increased in diabetic and non-diabetic twins, population-
based autoantibody positive and pre-diabetic subjects (all p<0.001). Twin 
CML correlations were strong, irrespective of zygosity: r(MZ) = 0.70, r(DZ) 
= 0.66; model fitting showed common environmental factors explained 66% 
of variance. Autoantibodies occurred more frequently in diabetic than non-
diabetic twins (p<0.001); but twin correlations (r) were weak, irrespective of 
zygosity: e.g. IA-2A, r(MZ)=0.06, r(DZ)=-0.03; model fitting showed unique 
environment explained all variance.
Conclusion: In twin studies, environmental factors were strong determinants 
of two diabetes-associated features, which predicted type 1 diabetes additive-
ly in a large population study. Common environmental factors determined 
serum CML levels, while unique factors determined diabetes-associated au-
toantibodies. We postulate that distinct, additive, environmental events are 
associated with type 1 diabetes, common events activating innate immunity, 
unique events inducing adaptive immune responses.
Supported by: JDRF, British Diabetic Twin Trust, Eli Lilly
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Modulation of innate immunity in enterovirus-infected human 
pancreatic islets
O. Skog1, M. Hodik1, O. Korsgren2, G. Frisk1; 
1Dept. of Women’s and Children’s Health, 2Dept. of Oncology, Radiology, 
and Clinical Immunology, Uppsala University, Sweden.

Background and aims: Type 1 diabetes (T1D) is a chronic disease character-
ized by the selective destruction of insulin-producing cells in the pancreas. 
Enterovirus (EV) is the prime candidate to initiate this destruction and sev-
eral inflammatory chemokines are induced by EV infection, potentially in-
volved in the induction of insulitis. A protective effect of the female sex hor-
mone 17β-estradiol on isolated human islets has been shown. The aim of this 
study was to evaluate the effect of 17β-estradiol on EV-induced chemokine 
secretion and cytolysis of human islet cells. In addition, the islet response to 
EV infection was compared to the response to the synthetic dsRNA analogue 
polyinosinic:polycytidylic acid (Poly I:C).
Materials and methods: Human islets, cultured with or without the addition 
of 17β-estradiol, were exposed to synthetic dsRNA (poly(I:C)) or infected 
with an EV strain isolated from a diabetic child at T1D onset. Secretion and 
gene expression of several cytokines were analyzed with ELISA and real-time 
quantative PCR (RT-qPCR) respectively. Virus replication was determined by 
tissue culture infectious dose 50 (TCID50) titrations on green monkey kidney 
cells.
Results: The results confirm previous findings that EV infection induces high 
level IP-10 and MCP-1 secretion from human islets and show that this secre-
tion is markedly reduced by addition of 17β-estradiol to the culture medium. 
In contrast, the IP-10 and MCP-1 secretion induced by treatment of islets 
with poly(I:C) is not affected by 17β-estradiol, suggesting that separate sig-
nalling pathways are responsible for the innate immune response triggered 
by EV and poly(I:C). 17β-estradiol did not affect viral replication but reduced 
the cytopathic effect of the virus on the islets. Exposure of the islets to poly(I:
C) 24 h prior to EV infection either blocked (2 donors), reduced (3 donors), 
or had no effect (1 donor) on EV replication. A negative effect of poly(I:C) 
on EV replication correlated with a high induced expression level of genes in-
volved in the innate immune response to virus infection (interferon-β, MDA-
5, TLR3, and RIG-I). Surprisingly, interferon-α was not induced by any of the 
treatments. The antiviral effect of poly(I:C) could not be reduced by addition 
of 17β-estradiol, which is in line with the finding that 17β-estradiol had no 
effect on poly(I:C)-induced chemokine secretion.
Conclusion: The reported findings might have direct implications for the 
understanding of the etiology and forthcoming prevention of T1D. It also 
highlights the importance of genetic diversity in shaping the innate immune 
response to EV in islets, which most likely is involved in controlling the later 
antigen-specific adaptive immune response. Further studies on the geneti-
cally determined differences in response to acute EV infection need to be 
performed in order to explain the interplay between infection and genetic 
predisposition to T1D.
Supported by: Gillbergska Foundation, Swedish Diabetes Foundation, Swedish 
Research Council (K2006-32X-14035-06-3), EU FP7 (202013, DIAPREPP)

494
Effects of metformin vs sulphonylurea on immune activity of Natural 
Killer (NK) cells in individuals with newly diagnosed type 2 diabetes
P.J. Piatkiewicz1, A. Czech1, M. Kniotek2, M. Nowaczyk2; 
1Chair and Department of Internal Diseases and Diabetology, 2Department 
of Clinical Immunology, Warsaw Medical University, Poland.

Background and aims: Diabetic hyperglycemia may suppress the function of 
peripheral blood NK cells which represent the first line defense in the immune 
system. The earlier obtained results revealed significant impairment in activ-
ity of NK cells of diabetic patients in comparison to healthy control subjects 
(CS). Hypoglycemic drugs may influence and improve the immune activity 
of NK cells. In order to explore this hypothesis we evaluated the number and 
activity of NK cells obtained from newly diagnosed Type 2 diabetic patients 
(T2DP) before and after the administration of either metformin or sulphony-
lurea in comparison with CS.
Materials and methods: Incubation tests were performed at baseline in 25 
newly-diagnosed T2DP, naive to any hypoglycaemic drugs and 20 carefully 
matched CS; in the diabetic patients, the tests were repeated after 6 and 12 
months of therapy either with metformin (13 persons) or sulphonylurea - 
gliclazide (12 persons) accordingly to clinical indications. Peripheral blood 
mononuclear cells (PBMC) were isolated by Ficoll gradient centrifugation. 
The K562 human erythroleukemia cell line was used as the standard target 
for human NK cytotoxicity assay. K562 were labelled with DIO(3,3-diocta-
decyloxacarbocyanine perchlorate). Target and effector cells were added to 
reach effector/target rations: 50:1 ,12:1. Dead target cells were stained with 
PI (propidium iodide). After 4 hours of incubation data were collected for 
analysis on the Becton-Dickinson FACScalibur flow cytometer. Immunofluo-
rescent phenotyping of NK (CD16+) cells in PBMC was performed using spe-
cific murine anti-human CD16 PE-conjugated monoclonal antibodies. The 
data was analyzed using Cell Quest software.
Results: The T2DP at baseline in comparison to CS had an increased number 
(14,27±6,2% vs 9,59±4,8%) but decreased activity (3,0±2,4% vs 9,1±3,8%) of 
NK cells (p<0,01). Treatment with metformin resulted in reduction in fast-
ing plasma glucose (FPG) of 1.65 mmol/L (P<0.001) and in HbA1C of 0.82% 
(P<0.001) after 6 months and further reduction of 0.48 mmol/L in FPG and of 
0.34% in HbA1C after 12 months of therapy. The T2DP treated 6 months with 
metformin demonstrated substantially decreased number and increased ac-
tivity of NK cells in comparison to baseline values(10,91±4,7% vs 14,69±5,1% 
and 5,6±2,9% vs 2,9±2,0%)(p<0,01). Further 6 months of metformin ther-
apy resulted in not statistically significant differences of these parameters 
(10,59±4,0% and 6,0±3,2%, respectively). Treatment with gliclazide result-
ed in reduction in FPG of 1,77 mmol/L (p<0,001) and in HbA1c of 0,69% 
(p<0,001) after 6 months and further reduction of 0.26 mmol/L in FPG and 
of 0.14% in HbA1c after 12 months of therapy. The T2DP after 6 months of 
gliclazide administration demonstrated decreased number and increased ac-
tivity of NK cells in comparison to baseline values (12,13±3,9% vs 13,93±4,8% 
and 6,5±3,0% vs 3,1±2,2%)(p<0,01). This tendency became more intense af-
ter 12 months of therapy (10,12±4,2% and 7,3±3,5%, respectively)(p<0.05).
Conclusion: Both metformin and gliclazide improve immune activity of NK 
cells in Type 2 diabetes. The beneficial influence of metformin on NK cells 
number is accelerated and more pronounced than gliclazide. These findings 
constitute immune response as a new potential target of oral hypoglycemic 
drugs in type 2 diabetes mellitus.

495
Protection of the beta cell function by treatment with a rat specific CD3 
antibody alone or in combination with the immunomodulatory agent 
FTY720 in the IDDM rat, an animal model of human type 1 diabetes 
A. Jörns1, M. Akin1, T. Taivankhuu1, A. Meyer zu Vilsendorf2, S. Lenzen1; 
1Institute of Clinical Biochemistry, 2Visceral- and Transplantation Surgery, 
Hannover Medical School, Germany.

Background and aims: The IDDM (LEW.1AR1-iddm) rat is an animal model 
of type 1 diabetes mellitus (T1DM) without lymphopenia. The aim of the 
treatment with CD3-antibody (AB) alone or in combination with the im-
munomodulatory agent FTY7220 was to prevent clinical manifestation of 
diabetes or to protect the remaining pancreatic beta cells from autoimmune 
destruction after onset of the disease. The CD3-AB interacts with the T-cell 
receptor to inhibit proliferation and cytokine production of T-lymphocytes, 
while the sphingosin-1-phosphate receptor antagonist FTY720 retains the 
lymphocytes in the organ draining lymph nodes.
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Materials and methods: For the purpose of primary or secondary prevention 
the animals were treated with CD3-AB (0.5 mg/kg body weight) consecu-
tively over 5 days and additionally in the combined therapy over 40 days with 
FTY720 (1 mg/kg body weight). Gene and protein expression of pro- and 
anti-inflammatory cytokines, MCP-1 and iNOS were analysed in pancreatic 
biopsies and the pancreas-draining lymph nodes at the time point of diabetes 
manifestation, at the end of therapy, and 60 days after the end of treatment.
Results: Primary prevention therapy with CD3-AB initiated before diabetes 
manifestation suppressed clinical diabetes manifestation. However, 60 days 
after CD3-AB treatment 60 % of the CD3-AB treated animals showed signs 
of immune cell infiltration, as documented by infiltration with macrophages 
and CD4 and CD8 T lymphocytes in the islets. But there was no increased 
beta cell apoptosis in the infiltrated islets. Ultrastructurally, the beta cells in 
the infiltrated islets showed signs of an unfolded protein response which were 
absent in beta cells of non infiltrated islets. The immune cells of the infiltrated 
islets in the treated animals expressed no pro-inflammatory cytokines, nei-
ther IL-1β, IFN-γ, nor TNF-α, on the gene and protein level. In the secondary 
prevention therapy with CD3-AB initiated after overt diabetes manifestation 
there was a sluggish increase of the blood glucose concentration over the first 
three weeks after treatment in comparison to the spontaneous development. 
The slower increase of the blood glucose was accompanied by a strong de-
crease of the pro-inflammatory cytokine protein concentrations in the pe-
ripheral blood. The remaining beta cells after diabetes manifestation could 
not be protected permanently against the autoimmune attack by CD3-AB 
alone. The combined treatment of CD3-AB and FTY720 induced a perma-
nent normoglycaemia over 60 days after therapy. The remaining beta cells in 
the islets were ultrastructurally well preserved and the immune cell infiltra-
tion was restricted to the perivascular region.
Conclusion: The findings after CD3-AB treatment in the IDDM rat con-
firmed earlier observations in NOD mice and in humans with T1DM and 
illustrate the problem with a single compound therapy approach. In a com-
bined therapy with CD3-AB and FTY720, however, the later compound 
retains the lymphocytes in the pancreas draining lymph nodes and thereby 
makes the therapy success permanent by prevention of pancreatic islet im-
mune cell infiltration.

496
Preservation of residual beta cell function in newly diagnosed type 1 
diabetes by treatment with atorvastatin: the DIATOR trial
S. Martin1,2, C. Herder1, N.C. Schloot1, T. Heise3, L. Heinemann3, H. Kolb1,4, 
DIATOR Study Group; 
1German Diabetes Center at the University of Düsseldorf, Germany,  
2West-German Centre of Diabetes and Health, Düsseldorf, Germany, 3Profil 
Institute for Metabolic Research, Neuss, Germany, 4Hagedorn Research 
Institute, Gentofte, Denmark.

Background and aims: The lipid-lowering agent atorvastatin is also a potent 
immunomodulator. We therefore investigated the effect of atorvastatin on the 
progressive decline of residual beta cell function in patients with newly diag-
nosed type 1 diabetes.
Materials and methods: Adult patients with newly diagnosed type 1 diabe-
tes and islet autoantibodies were randomly assigned to treatment with either 
atorvastatin or placebo in a multi-centre, outpatient, parallel group study. 
During a run-in period of 6 weeks the daily dose was increased from 20 mg 
to 80 g/day, which was to be reduced to 40 mg/day in case of side-effects (e.g. 
myalgia). Efficacy on beta cell preservation was assessed by means of two-
hour standardised mixed-meal tests at baseline and after 12 and 18 months 
of treatment. A tight glycaemic control was aimed at with a target of HbA1c 
≤ 6.5 %.
Results: Eighty-nine patients (mean age 30 years, median BMI 24 kg/m², 40 
% females) participated in this study, 21 dropped out before the one year visit 
(8 placebo, 13 atorvastatin). The intention-to-treat analysis showed a signifi-
cant drop in total serum cholesterol concentrations with atorvastatin treat-
ment (median from 156 to 106 mg/dl). Median HbA1c levels at 18 months 
were 6.8 % in the placebo and 6.5 % in the atorvastatin group, the corre-
sponding insulin doses were 0.34 vs 0.43 IU/kg (differences not significant). 
Median autoantibody levels (GADA, IA-2A, ICA) changed little during the 
study period. Median fasting C-peptide levels dropped from baseline to 12 
and 18 months in the placebo group (from 0. 34 to 0.23 and 0.20 pmol/ml, p 
< 0.001) whereas they remained stable in the atorvastatin group (from 0.34 to 
0.27 and 0.30 pmol/ml, ns). Median mixed-meal stimulated C-peptide con-
centrations dropped slightly between baseline and 12 months in both groups 
(placebo from 0.89 to 0.71, atorvastatin from 0.88 to 0.73 pmol/ml, p < 0.01 

each) followed by a major loss in the placebo group (to 0.48 pmol/ml) but not 
in the atorvastatin group (to 0.71 pmol/ml, ns). Atorvastatin treatment was 
well tolerated and serious drug-related adverse events were not observed.
Conclusion: Daily treatment with atorvastatin slowed the loss of residual beta 
cell function in people with newly diagnosed type 1 diabetes over the study 
period of 18 months. Atorvastatin appears to interfere with mechanisms of 
autoimmune or inflammatory beta cell destruction.
Supported by: an unrestricted grant from Pfizer Pharma GmbH, Berlin, Ger-
many
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Adiponectin receptor expression on peripheral blood mononuclear cells 
is reduced in autoimmune diabetes and can be upregulated with lifestyle 
intervention 
T.T.L. Pang1, E. Goble1, K. Weaver1, M. Chinem1, S.A. Eldershaw1,  
S.C. Gough1, R. Andrews2, P. Narendran1; 
1School of Clinical and Experimental Medicine, University of Birmingham, 
2Joint Clinical Research Unit, University of Bristol, United Kingdom.

Background and aims: Studies of patients with genetic predisposition for 
T1D show that insulin resistance (IR) is an independent risk factor for T1D. 
We are interested in defining the mechanisms that link IR with progression to 
T1D, and in particular the potential role of adipocytokines such as adiponec-
tin. Adiponectin is an anti-inflammatory and insulin sensitising cytokine 
whose levels are inversely associated with IR. It signals through receptors Ad-
ipoR1 & AdipoR2, whose expression levels are increased by manoevres that 
reduce IR. These receptors have previously been found on peripheral blood 
mononuclear cells (PBMC) where stimulation reduces their proliferation and 
cytotoxicity, and increases their secretion of anti-inflammatory cytokines. We 
hypothesise that adiponectin has an anti-inflammatory effect on human islet 
autoimmunity. Our initial aim was to assess the expression of adiponectin re-
ceptors on PBMC in healthy and T1D subjects, and whether these expression 
levels could be modulated by exercise.
Materials and methods: PBMC expression of AdipoR1 & AdipoR2 was 
quantified by flow cytometry and qPCR on 26 T1D subjects and 14 age and 
anthropometrically matched healthy male Caucasian volunteers. The propor-
tion of cells expressing each receptor, and the mean fluorescence intensity 
(MFI) were calculated by subtracting from subject-specific isotype control 
staining. The estimated glucose disposal rate (eGDR) of T1D subjects was 
calculated using waist hip ratio, blood pressure and HbA1C as previously de-
scribed. In addition, we measured the effect of 6 months of diet and exercise 
training on adiponectin receptor expression by PBMC using qPCR, in 9 sub-
jects with autoimmune diabetes.
Results: AdipoR1 & AdipoR2 are expressed on monocytes and lymphocytes 
in both healthy and T1D subjects. On average, 47% of monocytes and 11% of 
lymphocytes expressed AdipoR1 and AdipoR2. AdipoR1 & AdipoR2 expres-
sion is decreased on monocytes (with a tendency to decrease in lymphocytes) 
in T1D compared to healthy subjects (figure). AdipoR1 & AdipoR2 expres-
sion by both monocytes and lymphcytes, measured by MFI, correlated sig-
nificantly with eGDR in subjects with T1D (monocytes AdipoR1 r = 0.475, 
AdipoR2 r = 0.512; lymphocytes AdipoR1 r = 0.292, AdipoR2 r = 0.420). Life-
style intervention increases AdipoR1 & AdipoR2 gene expression at 6 months 
(Fold change: AdipoR1 2.6 p = 0.02, AdipoR2 1.5, p = 0.07).
Conclusion: Adiponectin receptor expression is decreased on PBMC from 
T1D subjects. These findings are consistent with adiponectin playing an anti-
inflammatory role on islet autoimmunity, and may explain the association 
between insulin resistance and the development of T1D. Furthermore, thera-
pies that reduce IR may also modulate the development of this disease. 
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Protection against spontaneous immune-mediated diabetes in the 
IDDM rat by CD8+ T cell transfer correlates with an anti-inflammatory 
cytokine shift within the pancreas-draining lymph nodes
T. Arndt1, D. Wedekind2, H. Weiss3, M. Tiedge3, S. Lenzen1, H.-J. Hedrich2, 
A. Jörns1; 
1Hannover Medical School, Institute of Clinical Biochemistry, 2Hannover 
Medical School, Institute for Laboratory Animal Science, 3University of 
Rostock, Department of Medical Biochemistry and Molecular Biology, 
Germany.

Background and aims: The IDDM (LEW.1AR1-iddm) rat is an animal mod-
el of spontaneous human type 1 diabetes mellitus. This study analysed how 
adoptive transfer of selective T cell subpopulations affects the incidence of 
diabetes and the infiltration stages in the islets.
Materials and methods: CD4+ or CD8+ T cells were isolated from diabetic 
IDDM rats or the diabetes-resistant background strain LEW.1AR1. Lym-
phocytes were selectively transferred into athymic LEW.1AR1-Whnrnu or pre-
diabetic IDDM rats. The animals were monitored for blood glucose, islet in-
filtration and immune cell composition of pancreas-draining lymph nodes.
Results: After adoptive transfer of CD4+ T cells from diabetic IDDM rats 
into athymic LEW.1AR1-Whnrnu rats, 50% of the recipients developed diabe-
tes. Transfer of CD8+ T cells failed to induce diabetes. Only 10% of the ath-
ymic recipients became diabetic after co-transfer of CD4+ and CD8+ T cells. 
Adoptive transfer of CD8+ T cells from LEW.1AR1 or diabetic IDDM rats 
into prediabetic IDDM rats halved the incidence of diabetes. In the protected 
normoglycaemic animals without any immune cell infiltration in the pan-
creatic islets regulatory CD8+/CD25+ and CD4+/CD25+ T cell subpopulations 
co-expressing FOXP3 accumulated in the pancreas-draining lymph nodes. 
Corresponding to the increased accumulation of both regulatory T cell sub-
populations gene and protein expression shifted from a pro-inflammatory to 
an anti-inflammatory cytokine profile in comparison with the lymph nodes 
from diabetic rats after transfer of CD8+ T cells.
Conclusion: Our results show that adoptive transfer of CD4+ but not CD8+ 

T cells from diabetic IDDM rats induced diabetes development. Importantly, 
CD8+ T cells from diabetic IDDM rats and diabetes-resistant LEW.1AR1 rats 
provided protection against immune cell infiltration leading to beta cell de-
struction in the islets. The additional accumulation of regulatory T cells in the 
pancreas-draining lymph nodes from protected rats indicates that transferred 
CD8+ T cells may have beneficial effects in the control of beta cell autoim-
munity.

PS 28 Action of insulin and its 
analogues
499
A direct comparison of pharmacodynamics and pharmacokinetics of 
insulin detemir and neutral protamine lispro (NPL) insulin in subjects 
with type 1 diabetes
S. Korsatko1, K. Glettler1, K.J. Olsen2, A. Wutte1, G. Bock1, G. Koehler1,  
J.K. Mader1, B. Semlitsch1, T.R. Pieber1; 
1Departement of Internal Medicine, Medical University of Graz, Austria, 
2Larix ApS, Balerup, Denmark.

Background and aims: Basal insulin preparations attempt to recreate the low 
and constant plasma insulin levels seen between meals and overnight in nor-
mal physiology. For the insulin analogues detemir and glargine, comparable 
flat time-action profiles over 24 hours have been described. The aim of this 
study was to compare the pharmacodynamic and pharmacokinetic proper-
ties of a new insulin analogue, neutral protamine lispro (NPL) with those of 
insulin detemir in a euglycaemic glucose clamp trial.
Materials and methods: 30 subjects with C-peptide negative type 1 diabetes 
(42±11 years, BMI 25.4±3.0 kg/m², HbA1c 7.7±1.1 %, mean±SD) were ran-
domly allocated to single dose administration of insulin detemir and NPL in-
sulin. After normalization of plasma glucose with a variable insulin infusion, 
0.4 U/kg BW of either insulin was administered on 2 separate dosing visits in 
a double-blind fashion. Insulin infusion was stepwise decreased and a eugly-
caemic clamp was initiated with a plasma glucose target of 5.5mmol/l over 32 
hours. Duration of action was defined as the time from dosing until plasma 
glucose consistently exceeded 8.3mmol/l without glucose infusion.
Results: The primary endpoint “duration of action” was similar for insulin de-
temir and for NPL insulin (23.6±6.2h vs. 22.6±7.2h; p=0.557), with detemir 
showing a lower inter-subject variability. Compared to NPL insulin, insulin 
detemir exhibited a flatter pharmacodynamic profile reflected by significantly 
different glucose infusion rate (GIR) results [AUCGIR(0-32h) 1326 mg/kg 
(insulin detemir) vs. 1841 mg/kg (NPL insulin); p<0.01; AUCGIR(0-12h) 
784 mg/kg vs. 1392 mg/kg; p<0.001; AUCGIR(12-32h) 455 mg/kg vs. 274 
mg/kg; p<0.02) and a higher GIRlate(12-32)/GIRearly(0-12) ratio (0.33 vs. 
0.04; p<0.01). Consequently detemir showed a lower peak action (GIRmax 
2.0 mg/kg/min vs. 3.2 mg/kg/min, p<0.005) as well as a later peak of action 
(Tmax 7.2±2.4h vs. 6.2±4.5h)) when compared with NPL insulin.
Conclusion: The results of this study indicate that - using a single dose of 
0.4U/kg - both basal insulin analogues have duration of action of approxi-
mately 24 hours and are hence both suitable for once daily dosing. That said, 
insulin detemir exhibited a flatter profile with a more even distribution of 
the metabolic effect over the 32 hours, whereas for NPL the main effect was 
observed in the first 12 hours. Furthermore, insulin detemir had lower GIR-
max and less variability. Clinical trials with head to head comparison are thus 
needed to establish the superiority of one or more analogue preparations. 
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Impact of alternative splicing of insulin receptor to binding and 
signalling of insulin analogues
M. Sommerfeld, K. Klein, S. Welte, N. Tennagels; 
TD Metabolism, sanofi-aventis, Frankfurt am Main, Germany.

Background & aims: The human insulin receptor is expressed as two iso-
forms that are generated by alternative splicing. The two mature proteins dif-
fer by the presence or absence of 12 amino acids encoded by exon 11 at the 
C terminus of the extracellular α-subunit. The aim of the present study was 
to explore the impact of the presence or absence of exon 11 to binding and 
signaling of the insulin analogs glargine, glulisine, and insulin AspB10.
Materials & methods: The affinity of insulin, insulin analogs, IGF-I, and 
IGF-II to the IR isoforms A and B was analysed in a competitive binding 
assay using SPA technology. IR autophosphorylation was measured via in-
cell western (ICW) in CHO cells overexpressing either human IR-A or -B. 
Dephosphorylation kinetics were analysed using a Luminex XMAP System.
Results: Analysis of the binding of human insulin to the two IR splice vari-
ants A and B did not reveal a significant difference in the measured IC50 
values (0.49±0.04 vs. 0.57±0.02 nmol/L, p=0.27). In contrast both IGF-I 
and IGF-II showed a higher affinity to IR-A. IGF-I binds 2.7x (64.5±5.1 vs. 
171±50 nmol/L, p<0.05), and IGF-II 8.8x (6.2±0.34 vs. 46.6±7.8 nmol/L, 
p<0.05) better to IR-A, respectively. Measuring the binding of the insulin 
analogs glargine, glulisine and AspB10 resulted in the following IC50 values 
- glargine: 0.83±0.08 vs. 1.10±0.12 nmol/L, p=0.1015; glulisine: 0.88±0.07 
vs. 1.08±0.25 nmol/L, p=0.5077; AspB10: 0.06±0.01 vs. 0.21±0.03 nmol/L, 
p<0.05.
Analysing IR autophosphorylation in CHO-IR-A or IR-B cells via ICW re-
sulted in EC50 values as follows for IR-A and IR-B, respectively - insulin: 
11.95±1.65 vs. 11.67±1.43 nmol/L; IGF-I: 449±61.7 vs. >1,000 nmol/L; IGF-
II: 85.4±5.5 vs. 384±68.4 nmol/L; glargine: 19.03±3.39 vs. 26.39±3.34 nmol/L; 
glulisine: 49.6±6.05 vs. 51.7±7.22 nmol/L; AspB10: 5.12±0.69 vs. 3.32±0.78 
nmol/L.
To assess dephosphorylation kinetics CHO cells expressing either IR-A or 
IR-B were stimulated for 10 min with insulin or analogs, then the medium 
was replaced and the IR phosphorylation was analysed at various time points. 
From these data half-lifes for IR-A were calculated: insulin 6.87 min, glargine 
4.87 min, glulisine 6.54 min, and AspB10 17.7 min, and also for IR-B: insulin 
12.04 min, glargine 10.74 min, glulisine 12.91 min, and AspB10 298 min.
Conclusion: Presence or absence of the 12 amino acids of exon 11 in the 
α-subunit of the IR results in different binding properties, especially IGF-I 
and IGF-II have a considerable higher affinity to IR-A. Analysing the bind-
ing properties of insulin analogs revealed that only insulin AspB10 has a 
significant unique profile with a 3.5x higher affinity to IR-A. Autophospho-
rylation of the IR kinase domain after ligand binding is the first step of the 
insulin signaling cascade. Analysis of this event via ICW reflected the ob-
served higher binding of IGF-I/II to IR-A in a more potent activation of IR-A 
than IR-B. However, no special characteristics were found for insulin or the 
studied analogs. Dephosphorylation of IR-A occurs twice as fast as of IR-B 
after a stimulus with insulin, glargine or glulisine, respectively. Both IR splice 
variants show an extreme elongated dephosphorylation profile with AspB10. 
This protracted dephosphorylation of IR has been discussed as causative for 
increased mitogenic activity of AspB10 via the IR. Taken together these data 
show that in contrast to AspB10 the interaction of insulin glargine and gluli-
sine with IR-A and IR-B is very similar to human insulin.

501
Glycaemic basis for reduced feeding by intact and diabetic rats in 
response to injections of insulin detemir
J.R. Vasselli1, P.J. Currie2, F.X. Pi-Sunyer1; 
1Medicine, St. Luke’s-Roosevelt Hospital Center, New York, 2Psychology, 
Reed College, Portland, United States.

Background and aims: Insulin detemir (DET) is a long-acting insulin analog 
that binds reversibly to albumin in the serum and interstitial fluid. Numer-
ous studies indicate that the clinical use of DET in diabetic patients results 
in more stable long-term glycemia, fewer episodes of hypoglycemia, and 
decreased weight gain, in comparison with long-acting protamine (NPH) 
forms of insulin. The mechanisms for the weight-gain-sparing effect of DET 
are however unknown. We tested whether the glycemic effects of these two 
forms of insulin alter food intake (FI) in intact and diabetic rats in a manner 
that may influence body weight (BW) gain on a long-term basis.

Materials and methods: Groups of intact (INT) and mildly streptozotocin-
diabetic (STZD) female Sprague-Dawley rats (n = 6-8) with 3-hr fasting 
glucose levels of 112±10.3 vs. 200±34.6 mg/dl, respectively, were maintained 
continuously in on-line feeding-monitoring chambers (BioDaq) with ac-
cess to laboratory chow ad libitum. For testing, groups were administered 
a single s.c. injection of biologically equivalent doses of either 15U/kg NPH 
or 26.25U/kg DET at mid-morning (for dose equivalency see Diabetes 2008 
V57: 746-756). Blood was sampled at 0 (Baseline), 2, 4, 6, 8, 10, 12 and 24 hrs 
post-injection, and FI was continuously monitored electronically.
Results: Results for STZD rats are shown in Fig 1. Significant differences of 
glucose level (p < 0.05) were seen between the groups at hrs 2, 4, 6, and 8 (Fig. 
1A), with NPH rats displaying frank hypoglycemia during the first 4 hrs post-
injection. In contrast, glucose levels of STZD DET rats remained moderate 
and stable over the first 8 hrs post-injection. Significantly greater cumulative 
FI (p < 0.01) was seen in NPH- vs. DET-injected STZD rats during each 2-hr 
interval from hrs 4 - 12 (Fig. 1B). Blood glucose levels did not differ between 
the groups from hr 10 onward, nor did cumulative FI from hr 14 onward. 
Similar significant differences in glucose level and cumulative FI were ob-
served over the same intervals in DET vs. NPH-injected INT groups, and a 
tendency for decreased BW gain was seen in the INT DET group at 24 hrs 
(ns). At higher doses of DET and NPH that led to similar reductions of glyc-
emia in INT and STZD rats, no differences of cumulative FI were observed.
Conclusion: Our results indicate that the more moderate and consistent glu-
cose-lowering effects of DET eliminate episodes of hypoglycemia and gluco-
privic feeding in INT and diabetic rats, and may predispose to reduced BW 
gain with repeated DET administration. 

Supported by: Novo Nordisk
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Effects of intranasal insulin on neuronal processing of food pictures in 
lean and obese subjects: a magnetoencephalographic study
M. Guthoff1, M. Heni1, K. Stingl2, O. Tschritter1, M. Hallschmid3,  
H.-U. Häring1, A.M. Hennige1, H. Preissl2,4, A. Fritsche1; 
1Department of Diabetes, Endocrinology, Nephrology, Angiology and 
Clinical Chemistry, Medical Clinic, Tübingen, Germany, 2Institute of 
Medical Psychology and Behavioral Neurobiology, Tübingen, Germany, 
3Department of Neuroendocrinology, University of Lübeck, Germany, 
4Department of Obstetrics and Gynecology, Medical College, Little Rock, 
United States.

Background and aims: Insulin is known to be an anorexigenic hormone 
to the central nervous system (CNS) that contributes to the termination of 
food-intake in the postprandial state. In obese, however, diminished corti-
cal activity was described both in animals and humans implicating insulin 
resistance in the brain. Intranasally administered insulin enters the brain via 
the olfactory nerve and bulb, and was shown to raise insulin concentrations 
in the cerebrospinal fluid without altering levels in the systemic blood cir-
culation. Thereby, a potential malfunction of the blood-brain barrier as an 
underlying cause of insulin resistance in the brain in obese subjects can be 
disregarded, and insulin action in the brain can be monitored apart from ef-
fects in the periphery. In the present study, we therefore investigated whether 
neuronal activity modulated by intranasal insulin behaves differently in lean 
and obese subjects.
Materials and methods: We determined evoked potentials by magnetoen-
cephalography measurements in 10 lean and 10 obese subjects for both in the 
basal state and after applying insulin or placebo spray. Neuronal stimulation 
was achieved by matched food and non-food pictures in randomized order, 
and multiple blood-samples were drawn to determine parameters of periph-
eral glucose metabolism.
Results: Intranasal insulin had no significant effect on glucose, insulin or C-
peptide concentrations over a 60-minute period after application of insulin 
spray. However, insulin increased the amplitude of the evoked potentials in 
response to food pictures in lean subjects (10 ± 8 femtoTesla (fT)), while this 
effect was absent in obese (multivariate regression analysis: p=0.003). Moreo-
ver, in lean, the increase in the amplitude was observed in the components of 
evoked fields related to identification and categorization of incoming pictures 
at around 170 ms post-stimuli in the visual ventral stream.
Conclusion: Our data suggest that insulin-dependent processing of food pic-
tures is decreased in obese subjects compared to lean, and therefore support 
the idea that insulin in the brain of obese is not sufficient to terminate food 
intake and might aggravate overeating and obesity.
Supported by: DFG (KFO 114)

503
Evidence of an impaired transcapillary insulin transport in obese 
females showing postprandial hyperglycaemia
M.M. Sandqvist, L.E. Strindberg, P.N. Lönnroth, P.-A.E. Jansson; 
The Lundberg Laboratory for Diabetes Research, Department of Molecular 
and Clinical Medicine, Institute of Medicine, Gothenburg, Sweden.

Background and aims: An endothelial barrier for the transport of insulin 
to the target tissues has been suggested to contribute to insulin resistance in 
obese subjects. However, the interstitial insulin concentration (I-Insulin) in 
adipose tissue and skeletal muscle has so far not been studied during physi-
ological hyperinsulinemia in obese subjects characterized by postprandial 
hyperglycemia.
Materials and methods: Seven obese postmenopausal females without type 
2 diabetes, but with signs of postprandial hyperglycemia (P-Glucose ≥9.7 
mmol/l 60 min after an OGTT), and 9 postmenopausal lean glucose toler-
ant females were studied after fasting overnight (Age 61±2 vs 60±1 yrs, ns, 
(Mean±SEM); BMI 32.9±0.8 vs 22.8±0.6 kg/m2, p<0.005; fS-Insulin 7.0±0.2 
vs 3.9±0.5 mU/l, p<0.005; fP-Glucose 5.2±0.1 vs 4.7±0.1 mmol/l, p<0.05; P-
Glucose 120 min after OGTT 9.0±0.4 vs 6.1±0.3 mmol/l, p<0.005 in obese and 
lean subjects, respectively) The microdialysis technique was applied to study I-
Insulin in the subcutaneous (sc) adipose tissue and the brachioradialis muscle 
in the forearm, as well as to study the sc I-glycerol concentration. To achieve 
physiological hyperinsulinemia the measurements were performed during an 
OGTT. Adipose tissue blood flow (ATBF) was studied by 133Xe-clearance.

Results: After the OGTT there were higher serum insulin concentrations 
(S-Insulin) in the obese, as compared to the lean group. However, I-Insulin 
did not differ significantly between the groups, neither in the sc adipose tis-
sue (Fig 1), nor in the skeletal muscle (data not shown). Accordingly, the 
proportion of insulin passing from the circulation to the interstitial fluid in 
the sc adipose tissue was significantly lower in the obese as compared to the 
lean subjects (42±2% vs 79±4%, p<0.001) (mean during 2 hours after the 
OGTT). A similar relationship was seen in the skeletal muscle (37±3% vs 
51±3%, p<0.005), although the difference between obese and lean subjects 
was more pronounced in the sc adipose tissue. As expected, the sc Intersti-
tial-Arterial glycerol concentration difference (marker for lipolysis) (138±18 
vs 81±9 µmol/l, p<0.05, at 60 min after the OGTT), as well as the P-Glyc-
erol (38±5 vs 21±2 µmol/l, p<0.05, at 60 min), was significantly higher in the 
obese group, indicating insulin resistance. Furthermore, ATBF was higher in 
the lean group during the first 90 min after the OGTT (2.0±0.2 vs 3.8±0.6 ml 
x 100 g-1x min-1, p<0.05, at 90 min).
Conclusion: Obese females showing postprandial hyperglycemia need high-
er circulating insulin than lean controls to achieve similar interstitial insulin 
levels in sc adipose tissue and skeletal muscle, indicating a defective transcap-
illary transport for insulin. The endothelial barrier for insulin might counter-
act insulin´s ability to compensate for insulin resistance at the cellular level 
resulting in impaired sc antilipolysis and decreased muscle glucose uptake.

Supported by: Swedish Research Council, local research resources (ALF), Swed-
ish Diabetes Association, Göteborg Medical Society
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The identification and characterisation of compounds with insulin-like 
properties
A.R. Cameron, J. Harthill, G. Rena; 
Centre for Neuroscience, University of Dundee, United Kingdom.

Background and aims: Insulin resistance is a key hallmark of type 2 diabetes 
(T2D). Emerging evidence suggests that defects in information processing 
by signal transduction pathways may contribute to insulin resistance. If this 
is correct, drugs may be designed that can overcome and therefore restore 
signalling to downstream effectors such as the transcription factor FOXO1a 
and the key gluconeogenic regulatory enzymes phosphoenolpyruvate car-
boxykinase (PEPCK) and glucose 6-phosphatase (G 6-Pase) that become 
poorly responsive to insulin in T2D. We recently identified three theaflavins 
as novel mimics of insulin/IGF-1 action on FOXO1a and PEPCK. Theaflavins 
are large molecules which contain a structural motif which is also present in 
much smaller molecules that I have recently discovered to have insulin-like 
signalling properties. Characterisation of one particular smaller compound 
and some of its derivatives is presented here.
Materials and methods: HEK293 cells were stimulated with various com-
pounds and lysates underwent SDS-PAGE and Western blotting then probed 
with phosphospecific FOXO1a antibodies. RT-PCR assays of the genes 
PEPCK and G 6-Pase were carried out in HL1c cells. Statistical siginificance 
on average mRNA expression was calculated using one way ANOVA fol-
lowed by Bonferroni’s post hoc test.
Results: The compound elicits insulin-like effects on FOXO1a, PEPCK and 
G 6-Pase. The compound induces phosphorylation of FOXOs by PtdIns 3-
kinase-sensitive and PKB-dependent phosphorylation of Thr24, Ser256 and 
Ser319, the latter residue then priming a further CK1 mediated phosphoryla-
tion of Ser322 and Ser325. The compound required a concentration of 50 
µM to induce maximal phosphorylation and a minimum application of 15 
minutes. The use of the inhibitors PI-103, wortmannin, PD98059, rapamycin 
and the PKB inhibitor, Akti, indictated the compound induced phosphoryla-
tion of FOXOs by a PtdIns 3-kinase-sensitive and PKB-dependent manner. 
The effect of derivitisation of the compound is discussed. The repression of 
hepatic gluconeogenesis by reduced expression of PEPCK and G 6-Pase is 
recognized as a key aspect of the anti-hyperglycaemic action of insulin so the 
effect of the novel compound was also investigated. The compound reduced 
average mRNA expression (as a % of Dex/cAMP expression) of both genes 
(n=3, p<0.001).
Conclusion: We have found a small compound that mimics the insulin-like 
action of black tea theaflavins on FOXO1a and gluconeogenesis. Further 
investigation might provide novel strategies for the treatment or deferral of 
T2D.
Supported by: MRC, Tenovus Scotland, Anonymous Trust

505
VVP808 is a novel insulin sensitising agent that reduces endogenous 
glucose production
K.R. Walder1, J.C. Molero2, N. Konstantopoulos2, K. Windmill2,  
G.Y. Krippner3, G.R. Collier3; 
1School of Medicine and Institute for Technology Research and Innovation, 
Deakin University, Waurn Ponds, 2School of Medicine, Deakin University, 
Waurn Ponds, 3Verva Pharmaceuticals, Geelong, Australia.

Background and aims: We previously showed that VVP808 reduced fasting 
blood glucose concentration (p=0.00004) and HbA1c levels (p=0.04) in db/
db mice, and improved glucose tolerance in diet-induced obese (DIO) mice 
(p<0.05). The aims of the current study were to determine the mechanism by 
which VVP808 exerts these antidiabetic effects.
Materials and methods: FAO liver cells were treated in glucose-free media 
with VVP808 (100 μM) or Metformin (200 μM), and known activators of 
glucose production (dexamethasone and CPT-cAMP), both in the absence 
and presence of sub-maximal insulin (0.5 nM). After 24 h, glucose concen-
tration was determined in the media. 10-week-old male Sprague-Dawley rats 
(n=10 per group) were made diabetic by IV injection of streptozotocin (65 
mg/kg). Male C57Bl/6 mice (n=10 per group) were given free access to a diet 

containing 45% energy from fat for 10 weeks to induce mild obesity and in-
sulin resistance. Both rats and mice were administered VVP808 (50 mg/kg/d) 
or vehicle control by single daily oral gavage for 12 or 14 days. Clamps and 
insulin tolerance tests were performed using standard procedures.
Results: VVP808 inhibited activated glucose production both in the absence 
and presence of insulin by 35 and 45% respectively (p<0.05, n=5-7). Under 
the same experimental conditions, VVP808 decreased PEPCK and G6Pase 
gene expression levels by 20 and 27% respectively (p<0.05, n=3). Adminis-
tration of VVP808 (50 mg/kg/d for 12 days) had no effect on fasting blood 
glucose concentration in STZ rats. However, VVP808 significantly enhanced 
the glucose-lowering effects of insulin (0.5U/kg) in an insulin tolerance test 
(by 2.2-fold after 30 min (p=0.045) and by 2.4-fold after 60 min (p=0.038)). 
Data from hyperinsulinemic-euglycemic clamp studies in DIO mice showed 
that treatment with VVP808 (50 mg/kg/d for 14 days) increased the glucose 
infusion rate by 27% (p=0.005), and this associated with a 23% decrease in 
endogenous glucose production (p=0.04).
Conclusion: In these studies we demonstrated that VVP808 acts as an insulin 
sensitising agent. VVP808 reduced PEPCK and G6Pase gene expression, and 
lowered glucose production from cultured FAO cells. VVP808 significantly 
enhanced the glucose-lowering effects of insulin in STZ rats, and increased 
the glucose infusion rate during the clamp procedure in mice. We also showed 
that VVP808 appears to act predominantly by reducing endogenous glucose 
production. These results confirm the potential of VVP808 for development 
as an anti-diabetic agent.

506
Malaysian herb Labisia pumila var alata improved insulin sensitivity and 
lipid profile in a rat model of polycystic ovary syndrome
M. Fazliana1, L. Mannerås2, W. Wan Nazaimoon3, M. Lönn2, H.F. Gu1,  
C.-G. Östenson1, E. Stener-Victorin2; 
1Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden, 
2Department of Physiology, Göteborg University, Sweden, 3Cardiovascular, 
Diabetes and Nutrition Research Centre, Institute for Medical Research, 
Kuala Lumpur, Malaysia.

Background and aims: Labisia pumila var alata (LPva), a Malaysian herb 
thought to have phytoestrogenic effects, has shown promising results regard-
ing body weight and insulin sensitivity in our previous study on ovariect-
omized rats. Here we investigated if LPva extracts have effects on metabolic 
features and body composition in rat model of polycystic ovary syndrome 
(PCOS) which incorporates ovarian and metabolic characteristics of the syn-
drome. PCOS is a complex endocrine and metabolic disorder associated with 
ovulatory dysfunction, hyperandrogenism, abdominal obesity and insulin 
resistance.
Materials and methods: Twenty-two female rats were given a continuous 
dose of dihydrotestosterone (7.5 mg/90days; PCOS groups) starting at 21 
days of age, to induce PCOS. At 9 weeks of age, rats were randomly divided 
into 2 groups: i) PCOS Labisia pumila (50mg/kg body weight) and ii) PCOS 
control (1 ml deionised water) daily during 4 to 5 weeks by oral administra-
tion.
Results: Treatment with LPva in PCOS rats resulted in improved insulin 
sensitivity measured by euglycemic hyperinsulinemic clamp (1.4-fold in-
crease, p<0.05). Total cholesterol and triglycerides levels were decreased in 
LPva treated rats (15% and 14% respectively, p<0.05). Plasma resistin levels 
increased in LPva (25.32 ± 0.92 vs. 20.72 ± 1.54 ng/ml for LPva vs. PCOS 
control, p<0.05). On the other hand, adiponectin levels showed a tendency of 
increased level in LPva group (24.02 ± 2.00 vs. 18.26 ± 2.02 µg/ml for LPva 
vs. PCOS control, p= 0.07). However, no effect on body weight, body com-
position or plasma leptin levels was observed. Despite no effects on plasma 
leptin level, relative mRNA expression in LPva treated group was significantly 
decreased (4.4 ± 0.7 vs. 8.4 ± 1.1 for LPva vs. PCOS control, p<0.01). Fur-
thermore, uterine weight was increased by 29% (p<0.05), which indicated 
estrogenic effects of LPva.
Conclusion: Treatment with LPva extracts in PCOS rats improves insulin 
sensitivity and lipid profile without affecting body composition.
Supported by: Swedish Research Council, Swedish Diabetes Association and 
MOSTI, Malaysia
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The Ginkgo biloba extract EGb761 prevents palmitate-induced insulin 
resistance in C2 myotube via activation of 5’ AMP-activated protein 
kinase (AMPK)
E.-S. Ha1, S.-E. Choi1, J. Jung1, S. Yi1, S. Han1, H. Kim1, D. Kim1, Y. Kang2, 
K.-W. Lee1; 
1Endocrinology and Metabolism, 2Institute for Medical Science, Ajou 
University School of Medicine, Suwon, Republic of Korea.

Background and aims: EGb761, a standardized form of Ginkgo biloba leaf 
extract, was recently reported to mitigate various diseases, including cogni-
tive dysfunction and Alzheimer’s disease. But the effect of EGb761 on insulin 
resistance has not been intensively studied. In this study, we found a phe-
nomenon that EGb761 prevented palmitate-induced insulin resistance and 
investigated the molecular and cellular mechanisms of the protective effect of 
EGb761 on palmitate-induced insulin resistance.
Materials and methods: We used differentiated C2 myotubes as an in vitro 
skeletal muscle model under the differentiation medium for 4 day. To investi-
gate whether EGb761 ameliorates palmitate-induced insulin resistance in C2 
myotubes, we treated palmitate, with or without EGb761, on C2 myotubes. 
After treatment of insulin, we investigated molecules of insulin signaling 
pathways and insulin stimulated glucose uptake. To elucidate the preventing 
mechanism of EGb761 on palmitate-induced insulin resistance in C2 myo-
tube, we performed immunoblotting with IR(Insulin Receptor), IRS-1(Insu-
lin Receptor Substrate), Protein kinase B (PKB/AKT), JNK(c-jun N-terminal 
kinase), p38, AMP-activated protein kinase (AMPK), acetyl-coenzyme A 
carboxylase (ACC) antibodies, and palmitate beta-oxidation assay.
Results: A 16 h exposure of C2 myotubes to palmitate, reduced insulin 
stimulated glucose uptake by 25%, IRS-1 tyrosine phosphorylation by 40%, 
and AKT phosphorylation by 30%. To determine the effect of EGb761 on 
insulin resistance, before palmitate treatment, we pretreated with EGb761 
on C2 myotubes and then measured insulin-stimulate glucose uptake and 
insulin signaling. EGb761 prevented palmitate-induced reduction of insulin 
stimulated glucose uptake by 30%. But molecules of insulin signalling path-
ways, such as tyrosine phosphorylation of IRS-1 and phosphorylation of AKT 
were not changed. It has been well known EGb761 stimulate mitochondrial 
metabolism, so we measured palmitate oxidation, with or without EGb761, 
and monitored the activation of AMPK. EGb761 induced phosphorylation of 
AMPK in a time and dose dependent manner. Also EGb761 recovered palmi-
tate-reduced beta-oxidation in a dose dependent manner. EGb761 prevented 
palmitate-reduced expression of glucose transporter 4.
Conclusion: Our data suggest that EGb761 prevented palmitate-induced 
insulin resistance through improvement of beta-oxidation by activation of 
AMPK.
Supported by: GRRC and KNDP

508
DSP-8658, a novel PPAR α/γ modulator, with favorable anti-diabetic 
profile distinct from that of thiazolidinediones
K. Hirota, M. Yamanaka, M. Takata, J. Nagamine, T. Takazawa, Y. Hirose,  
A. Tsuchida, M. Taiji; 
Pharmacology Research Laboratories, Dainippon Sumitomo Pharma Co., 
Ltd., Osaka, Japan.

Background and aims: Thiazolidinediones (TZDs), such as pioglitazone and 
rosiglitazone ameliorate insulin resistance, but cause side effects, including 
body weight gain, edema and congestive heart failure. In our search for new 
anti-diabetic agents with beneficial effects on insulin resistance-associated 
dyslipidemia and minimal side effects, we have found DSP-8658, a selective 
peroxisome proliferator-activated receptor (PPAR) α/γ modulator. DSP-8658 
is currently under clinical development for the treatment of type 2 diabetes. 
Our aim in this study is to evaluate the beneficial effects of DSP-8658 on 
metabolic abnormalities in mice models and, characterize the mechanism of 
these effects and compare it to that of TZDs.
Materials and methods: Transactivation assays were conducted using COS-
1 cells transiently transfected with a vector containing PPAR α or γ ligand 
binding domain as well as a vector containing a reporter gene. Mammalian-
2-hybrid assays using HEK293 cells were also conducted to examine PPARγ 
interaction with cofactors, such as NCoR and P300. The effects of DSP-8658 
on glucose metabolism were evaluated in diet-induced obese (DIO) and 
genetically diabetic KK-Ay mice. In addition, the anti-lipidemic action of 
DSP-8658 was evaluated in human ApoA1 transgenic mice. Finally, to ex-

amine regulatory effect of DSP-8658 on gene expression, mRNAs from white 
adipose tissue (WAT), peripheral blood leucocytes (PBLs), and adipose tissue 
macrophages (ATMs) in diabetic mice were subjected to RT-PCR analysis.
Results: In transactivation assays, DSP-8658 exhibited comparable EC50 val-
ues for human PPARα (1.08 μM) and human PPARγ (1.01 μM), and partial 
activation of human PPARγ (76% compared to that of pioglitazone). In mam-
malian-2-hybrid assays, DSP-8658 induced dissociation of the corepressor 
NCoR from PPARγ, but did not affect recruitment of the coactivator P300 to 
PPARγ. In oral glucose tolerance test, DSP-8658 reduced blood glucose level 
in DIO mice with an ED25 value of 6.2 mg/kg, but did not cause body weight 
gain or fluid retention even at a dose of 100 mg/kg. In addition, DSP-8658, 
but not pioglitazone, increased serum HDL-cholesterol concentration, pos-
sibly through PPARα activation, in human ApoA1 transgenic mice. In high-
fat diet-fed KK-Ay mice, DSP-8658 decreased white adipose tissue (WAT) 
weight, while pioglitazone increased it. Pioglitazone also increased mRNA 
levels of genes related to both glucose metabolism (Glut4) and fat accumula-
tion (glycerol kinase and FATP1) in WAT. In contrast, DSP-8658 increased 
mRNA level of Glut4 but had no effect on glycerol kinase and FATP1 in WAT. 
It is increasingly recognized that low-grade inflammation in metabolic tis-
sues caused by imbalance between classically activated macrophages (M1) 
and alternatively activated macrophages (M2) underlies obesity-induced 
insulin resistance. Interestingly, DSP-8658 increased mRNA level of the M2 
marker gene arginase 1 in PBLs of DIO mice, and decreased mRNA level of 
the M1 marker gene TNFα in ATMs, suggesting that DSP-8658 induces mac-
rophages polarization toward M2 and suppresses inflammation.
Conclusion: Unlike pioglitazone, DSP-8658, a PPAR α/γ modulator, selec-
tively modulates cofactor recruitment to PPARγ and exhibits differential gene 
regulation. DSP-8658 has therefore a highly promising therapeutic profile in 
the treatment of type 2 diabetes.

509
Fish oil minimizes insulin resistance and decreases food intake in Zucker 
fa/fa rats
C. Corporeau1, C. Crucianni-Guglielmacci2, V. Le Guen3, C. Le Foll1,  
G. Allain3, C. Magnan2, J. Delarue3; 
1Laboratoire Régional de Nutrition Humaine, Faculté de Médecine, Brest, 
2Equipe HERGE, CNRS-University Paris Diderot, 3Laboratoire Régional de 
Nutrition Humaine, Faculté de Médecine, CHU, Brest, France.

Background and aims: Dietary fish oil (FO) rich in n-3 polyunsaturated fatty 
acids, i.e EPA + DHA, can modulate insulin-resistance in rats depending on 
the dose given, the duration of its administration and on the cause of insulin 
resistance. High dose of FO (20% w/w) over 4 weeks prevents the decrease in 
phosphatidyl-inositol 3’-kinase (PI3K) activity and GLUT4 content in muscle 
and adipose tissue induced by a high n-6 PUFA diet (60% w/w). At low dose 
(7% w/w) over 8 weeks, FO reversed insulin resistance in sucrose-fed rats and 
increased plasma leptin and adiponectin levels. In contrast, lower dose of fish 
oil (4.4% w/w) over 4 weeks was unable to prevent dexamethasone-induced 
insulin resistance and defects of PI3K activity, probably because of too potent 
effects of dexamethasone.
In this study, we used Zucker fa-/fa- rats. These rats become spontaneously 
obese and insulin resistant because of a genetic mutation in leptin receptor 
gene. We aimed to study the effects of a low dietary intake of FO (7% w/w) on 
food intake and development of insulin resistance in Zucker rats.
Materials and methods: 24 male Zucker rats were fed over 9 weeks either a 
control diet containing 8 % of fat as corn oil (CO diet) or a n-3 diet contain-
ing 7% FO plus 1% CO (FO diet). Food intake was recorded daily and weight 
gain twice a week. In 12 rats, insulin sensitivity was estimated from both an 
oral glucose tolerance test (OGTT) and glycaemic response to IP insulin 
(IPITT). In 12 other rats, hyperinsulinemic-euglycemic clamp plus tritiated 
glucose infusion were performed to assess both hepatic glucose production 
and plasma glucose peripheral utilization. Glucose transport in peripheral 
tissues was determined from infusion of radiolabelled 2-deoxyglucose (2-
DOG) during the clamp. Hypothalamus were harvested and analysed for 
ceramide and diacyglycerol (DAG) quantitation.
Results: At end of week 9, FO had decreased both food intake (- 8.4%, p< 
0.01) and weight gain (- 6.6%, p < 0.05). During OGTT, area under the curve 
(AUC) of glycaemic response was not altered by FO (FO = 1643 ± 116 vs. 
CO = 1698 ± 210 mmol.l-1.2h-1) but AUC of insulinaemic response was de-
creased by 25% (FO = 3009 ± 216 vs. CO = 4006 ± 253 ng.ml-1.2h-1, p<0.01). 
During IPITT, FO induced a greater decrease in glycaemia after insulin in-
jection (glycemia: FO = 8.24 ± 0.62 vs. CO = 11.06 ± 1.51 mM, p < 0.01). 
During clamp, FO did alter neither peripheral glucose utilization nor glucose 
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transport in tissues but decreased hepatic glucose production by 35% as com-
pared to CO (p< 0.02). Ceramide and DAG content did not differ whatever 
the diet.
Conclusion: These results demonstrate that, in a genetic rat model, where 
insulin resistance and obesity develop progressively overtime, FO decreased 
both food intake and weight gain, probably independently from leptin action 
because Zucker rats are deficient for leptin receptor. Moreover, we demon-
strated that FO minimized specifically liver insulin resistance.
Supported by: Region Bretagne

510
Possible effect of endogenous cannabinoids and rimonabant upon 
insulin resistance and beta cell function
L.E. Flores1, M.E. Alzugaray1, A.M. Suburo2, M.A. Raschia1, H. Del Zotto1, 
M.E. García1, M.I. Borelli1, B. Maiztegui1, V. Madrid1, M.L. Massa1,  
F. Francini1, J.J. Gagliardino1; 
1CENEXA (UNLP-CONICET), La Plata, 2Facultad de Ciencias Biomédicas, 
Universidad Austral, Buenos Aires, Argentina.

Background and aims: Obesity produces a decrease in insulin sensitivity and 
a compensatory increase in β-cell function. Anandamide (AEA, endocan-
nabinoid) regulates appetite and other metabolic functions; thus, drugs inter-
acting with its specific CB1 and CB2 receptors have been used to treat obese 
people. We studied the possible regulatory role of the general and local (pan-
creatic islets) cannabinoid system upon insulin secretion in rats with insulin 
resistance (IR) induced by administration of a fructose-rich diet (FRD).
Materials and methods: Normal male Wistar rats were divided into 4 groups 
and fed for 21 days as follows: Control (C): standard commercial powder diet 
and tap water ad libitum; Fructose (F): C plus 10% w/v fructose in the drinking 
water; Rimonabant control (RC): C plus 2 mg/rat Rimonabant; and Fructose 
Rimonabant (FR): RC plus the same amount of fructose as F. Blood samples 
were drawn at the time of sacrifice to measure glucose, insulin, thiobarbituric 
acid reactive substances (T-bars) and triglyceride levels. Serum glucose and 
insulin values were used to calculate insulin sensitivity (HOMA-IR). After 
sacrifice, pancreases from each animal were removed to isolate islets (col-
lagenase digestion). Expression of insular CB1 and CB2 receptor genes was 
checked by RT-PCR and immunocytochemistry (confocal microscopy). We 
measured insulin secretion from isolated islets incubated with 2.8, 8.3 or 16.7 
mM glucose with or without 0.1-200 µM AEA, 0.1-20 µM ACEA (CB1 ago-
nist), or 0.1-20 µM JWH (CB2 agonist) (RIA).
Results: The presence of CB1 and CB2 receptors in normal rat islets was 
demonstrated by RT-PCR and immunocytochemistry. While CB1 receptors 
were selectively expressed in glucagon-producing cells, CB2 were expressed 
in both insulin- and somatostatin-producing cells. AEA at 10 μM enhanced 
significantly the release of insulin induced by 8.3 mM glucose (3.5 ± 1.0 vs. 
7.4 ± 1.5 ng/islet/h; p<0.05), but these effect was observed with 100 μM at 
16.7 mM glucose at (8.2 ± 0.7 vs. 10.8 ± 0.5 ng/islet/h; p<0.05). ACEA and 
JWH affected insulin secretion in the presence of 16.7 mM glucose in a dual 
way: they enhanced and inhibited the secretion at 1 μM and at 20 μM, re-
spectively (ACEA: 9.7 ± 0.6, 11.8 ± 0.8 and 6.8 ± 0.8 ng/islet/h at 0, 1 and 
20 μM, respectively. JWH: 10.4 ± 0.7, 15.1 ± 1.2 and 6.2 ± 0.8 ng/islet/h at 0, 
1 and 20 μM, respectively; p<0.05 in all cases). FRD increased significantly 
daily caloric intake, body weight, serum glucose, triglyceride, T-bars, insulin 
concentration and IR state (p<0.05 in all cases). Rimonabant administration 
corrected significantly (except T-bars), all these abnormalities (p<0.05).
Conclusion: Islets have a specific distribution of CB1 CB2 receptors that 
modulate insulin secretion. Blockage of the endocannabinoid pathway in vivo 
corrected most metabolic abnormalities and FRD-induced IR.

Metabolic changes
Body weight 
increment
(g)

Calories 
intake
(cal/rat/day)

Serum 
glucose
(mmol/L)

Serum 
insulin 
(µU/ml)

HOMA-
IR

Serum T-
bars  
(pmol/mg 
prot)

Serum 
triglyc-
eride 
(mg/dl)

C 47.7±11.9 59.1±1.5 5.0±0.1 10.5±0.8 2.3±0.2 233.1±8.1 56.0±5.3
F 72.0±9.5 86.2±1.8 5.5±0.1 15.9±0.9 3.9±0.2 312.9±8.9 73.7±3.5
CR 34.3±1.8 55.1±2.9 4.9±0.2 8.1±0.9 1.8±0.2 257.2±28.1 58.7±4.2
FR 48.3±10.9 60.1±3.5 5.2±0.3 11.1±0.9 2.6±0.3 325.2±9.8 63.7±1.6

Supported by: sanofi-aventis

511
D-chiro-inositol acts as an insulin mimetic to attenuate epinephrine-
stimulated hepatic glucose output in the isolated perfused rat liver
K.M. Loomes1,2, L. Whiting1, R.N. Danaher1, K. Ruggiero1, T. Mulvey1, 
A.R.J. Phillips1,2; 
1School of Biological Sciences, University of Auckland, 2Maurice Wilkin’s 
Centre for Molecular Biodiscovery, Auckland, New Zealand.

Background and aims: D-chiro-inositol is an inositol compound present in 
comparatively low abundance in vivo compared to its stereoisomer, myo-in-
ositol. Chronic administration of D-chiro-inositol in animal models of diabe-
tes attenuates hyperglycaemia, and in polycystic ovary syndrome, a condition 
where insulin resistance is a primary feature, D-chiro-inositol administration 
also improves glucose tolerance and ovulatory function in human patients. 
The underlying mechanisms and sites of action involved are largely unde-
fined, however, we hypothesised that attenuating effects on hepatic glucose 
output (HGO) by D-chiro-inositol could potentially explain these observa-
tions. Our aim was therefore to investigate whether D-chiro-inositol could in 
fact modulate HGO in an isolated perfused liver.
Materials and methods: Isolated rat livers (12-15g) from fed animals (220g-
250g) were perfused with plasma-free buffer containing 5 mM glucose in 
a non-recirculating set-up. The perfusion protocol comprised a 40 minute 
equilibration period followed by a 30 min infusion with either insulin (1 
nM), D-chiro-inositol (200 micromolar), myo-inositol (200 micromolar), 
or saline. Within the background of each of these experimental groups, an 
epinephrine infusion (50 nM) was then performed for a further 30 minutes. 
A final glucagon infusion (1.2 nM) was then performed to demonstrate hor-
monal responsiveness. Glucose, lactate and portal pressure were monitored 
continuously.
Results: Prior to epinephrine infusion there were no significant baseline dif-
ferences in HGO between the four experimental groups. In the saline group 
(n=9), epinephrine evoked an acute (within 2 minutes) and approx. 3-fold 
increase in HGO that was largely sustained throughout the following 30 min 
infusion period. As expected, this increased HGO was substantially attenu-
ated in livers co-infused with insulin (n=10). Co-infusion with D-chiro-in-
ositol (n=10) also significantly attenuated epinephrine-stimulated HGO over 
30 minutes to a degree intermediate between saline and insulin infusions. 
HGO in the myo-inositol-infused livers (n=8) also mimicked the attenuating 
effects of D-chiro-inositol over the first 10 minutes but then stabilised and by 
30 minutes was not significantly different from the saline infusion.
Conclusion: These findings show that D-chiro-inositol has an intrinsic site of 
action on the liver and can reduce epinephrine-stimulated HGO. This insulin 
mimetic activity provides a potential mechanism by which D-chiro-inositol 
could mediate some of its observed therapeutic actions in diabetes and poly-
cystic ovary syndrome.
Supported by: FRST, Maurice & Phyllis Paykel Trust, & Auckland University 
Research Committee

512
The VO(dmpp)2, a promising insulin mimetic vanadium compound
M. Passadouro1, E. Carvalho1, A.M. Metelo1,2, H. Faneca1, M.C.P. Lima1,2, 
M. Castro1,2; 
1Centro de Neurociências de Coimbra, 2Biochemistry Dept., University of 
Coimbra, Portugal.

Background and aims: The importance of Vanadium Compounds (VCs) has 
greatly increased in the last years since they have shown pharmacological 
properties. In particular, their potential use as oral insulin mimetic has been 
demonstrated by in vivo and ex vivo studies, as well as in clinical trials. Thus, 
research has been carried out to develop VCs to be used in the treatment 
of Diabetes Millitus (DM) at an effective non toxic dose. Type 2 DM and 
other metabolic syndromes are characterized by insulin resistance originat-
ing high plasma insulin and glucose levels due to reduction of insulin action 
and glucose uptake. In this work we report some biochemical studies with a 
vanadium complex with a pyridinone ligand, the VO(dmpp)2, concerning 
glucose uptake in primary cultures of rat adipocytes, to prove its capacity to 
withdraw insulin resistance in these cells.
Materials and methods: The experiments were carried out with primary cul-
tures of 6-8 weeks old Wistar rat adipocytes. Glucose uptake studies were 
performed using a radioactive assay by measuring the 14C-glucose in the 
extracellular medium after 45 minutes incubation with and without insulin, 
in the presence and absence of different concentrations of VO(dmpp)2 (0.1-
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1mM). Alamar Blue test was used to assess cell viability when the adipocytes 
were incubated with the tested concentrations of the VC.
Results: The results obtained showed that when adipocytes were incubated 
with VO(dmpp)2 in concentrations of 0.1 mM and 0.5 mM, the increase 
in glucose uptake relative to basal value was respectively 85% and 131% 
(p<0.001), being the value obtained with insulin alone of 123% (p<0.001). 
Incubations in the presence of 10 nM of insulin, the concentrations of 0.1 
mM and 0.5 mM of the VC originated an additional effect of 45% (p<0.001) 
and 32% (p<0.01), respectively, above the insulin value. Both concentrations 
of the VO(dmpp)2 tested are below acceptable cytotoxicity, as demonstrated 
by the Alamar Blue assay. These results were compared with those obtained 
with another VC with a similar structure, the BMOV, which is now in clini-
cal trials. This compound also showed a dose dependent response, but none 
of the concentrations tested (up to 1.5 mM) showed a glucose uptake rate 
significantly different from basal or close to insulin values, In fact, for the 
concentration of 1.5 mM, which is the higher response obtained, the glucose 
uptake value is 33% below the insulin response (p<0.001).
Conclusion: Our results demonstrate that VO(dmpp)2, is able by itself to 
mimic insulin action on glucose uptake in adipocyte tissue. Moreover, when 
cells are treated with this VC along with insulin, an accumulative effect is 
observed, being effective at lower concentrations, thus minimizing the toxic 
effects on cells. Therefore VO(dmpp)2, may represent a major candidate as a 
powerful drug to treat DM.
Supported by: FEDER and FCT, Portugal, POCI 2010, PPCDT/QUI/56949/2004 
and POCI/SAU-MMO/57598/2004

PS 30 Insulin sensitivity in adipose 
tissue and muscle - human studies
513
Adipose tissue expression of retinoic acid receptor-related orphan 
receptors gamma (RORg) is altered in morbid obesity and insulin 
resistance
M. Macias Gonzalez1, J. Vendrell2, E. Garcia Fuentes1, F. Tinahones3; 
1Laboratorio Medicina Regenerativa, Ciber Fisiopatologia Obesidad 
Y Nutricion, Malaga, 2Ciber Diabetes Y Enfermedades Metabolicas, 
Tarragona, 3Servicio Edocrinologia, Ciber Fisiopatologia Obesidad Y 
Nutricion, Malaga, Spain.

Background: Adipose tissue is an active endocrine and paracrine organ due 
to the production of secreted proteins and lipid indicators collectively called 
adipokines. These observations have spurred interest in the identification of 
the transcriptional and other regulatory pathways of adipocyte differentia-
tion. The orphan nuclear receptor, peroxisome proliferator-activated receptor 
gamma (PPARg) and retinoic acid receptor-related orphan receptors gamma 
(RORg), are central mediators controlling adipocyte differentiation.
Aims: The aim of the study was to evaluate whether RORg and PPARg mRNA 
and protein expression levels in human adipose tissues and its relationship 
with insulin resistance in morbid obese versus non obese patients.
Material and methods: Visceral adipose tissue (VAT) and subcutaneous 
adipose tissue (SAT) biopsies were obtained from 26 morbidly obese patients 
undergoing bariatric surgery procedures. VAT and SAT samples were also 
obtained from otherwise non obese patients during surgical repair of hiatus 
hernias. RORg and PPARg mRNA and protein expression levels were meas-
ured in the tissues obtained by quantitative RT-PCR and western blotting 
respectively. The MO patients were divided into two groups: those with a 
low homeostasis model assessment of insulin resistance (HOMA-IR<5) (MO 
nonIR) and those with a high HOMA-IR (HOMA-IR>8) (MO-IR).
Results: RORg mRNA and protein expression in VAT was significantly high-
er in the MO patients (P<0.05) than the non obese subjects, but there were 
no significant differences between the expression of PPARg in MO patients in 
comparison with non obese subjects. In addition, PPARg mRNA and protein 
expression levels were similar in VAT and SAT from the MO patients and 
not dependent on IR. In contrast, the RORg mRNA expression was higher 
in VAT (P<0.05), in the MO-IR than the MO nonIR group. Finally, the MO 
patients showed a significant positive correlation between mRNA and protein 
RORg expression and insulin resistance in VAT (r=0.357, p=0.045) and in 
SAT (r=0.396, p=0.030).
Conclusion: Expression of RORg, is up regulated in morbid obesity and 
showed to be related with the insulin resistance. Future studies are warranted 
to elucidate the role of this orphan nuclear receptor in the pathogenesis of 
insulin resistance in morbid obesity
Supported by: the ISCIII (PI070953 PI070953 and CP04/0039)

514
Investigating PTEN expression in tissues of insulin action illustrates 
reduced mRNA expression in adipose tissue of patients with type 2 
diabetes
L.J. McCulloch, M. Neville, J.P. Grew, M.I. McCarthy, A.L. Gloyn; 
Oxford Centre for Diabetes, Endocrinology & Metabolism, University of 
Oxford, United Kingdom.

Background and aims: Phosphatase and tensin homologue deleted on chro-
mosome 10 (PTEN) is a critical regulator of cell growth and metabolism via 
its antagonisation of PI3K and control of the AKT/PKB pathway. Insulin sig-
nalling utilises the AKT pathway and this has generated interest in the tissue 
specific roles of PTEN in glucose homeostasis. Murine studies have shown 
that Pten is expressed in pancreatic islets, liver, muscle and adipose tissue. 
Tissue specific Pten deletion in both muscle and adipose tissue of mice leads 
to insulin hypersensitivity and protection against diabetes. We hypothesised 
that PTEN plays a critical role in tissues of insulin action in humans and that 
elevation of PTEN mRNA in both adipose tissue and muscle may contribute 
to the insulin resistance seen in patients with Type 2 diabetes (T2D).
Materials and methods: PTEN expression in human tissues (including liver, 
muscle, adipose tissue, pancreatic islets) was determined. Adipose tissue 
(omental & subcutaneous) was available for 16 patients (9 male, 8 female) 
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with T2D and 16 age, gender & BMI matched normoglycaemic controls. 
Muscle tissue was available from 3 patients with T2D and 3 age, gender & 
BMI matched controls. RNA was extracted from all tissues using TRI reagent, 
cDNA synthesised from a total of 2ug RNA and PTEN expression determined 
on an ABI7900HT system. Analysis was performed using the ΔΔCt method, 
normalising to 2 housekeeping genes (UBC & PPIA) and significance deter-
mined using a paired t-test.
Results: PTEN is highly expressed in human tissues of insulin secretion and 
action (liver, adipose tissue, muscle, islets). PTEN expression is reduced 1.48 
fold (35%) in the subcutaneous adipose tissue of T2D subjects when compared 
to matched controls (p = 7.9x10-4). Further analysis demonstrated that this re-
duction is more pronounced (1.57 fold, p=4.7x10-3) in T2D males compared 
to T2D females (1.39 fold, p=0.07). PTEN expression was also reduced 1.3 fold 
in the omental adipose tissue of diabetic subjects, although this did not reach 
statistical significance (p=0.06). Gender specific analysis in this depot however 
reveals that there is a 1.55 fold (36%) reduction in PTEN expression in the T2D 
males (p=0.02) when compared to controls. Our data indicates there is only 
a minimal 1.06 fold reduction between T2D females and matched controls at 
the level of omental adipose tissue (p=ns). No difference in PTEN expression 
was seen in muscle, although numbers are currently limiting (n=3).
Conclusion: We have demonstrated that PTEN gene expression is reduced in 
adipose tissue from patients with T2D when compared with matched controls 
and suggests that the reduction in both fat depots may be more pronounced 
in males. Our data are in conflict with our initial hypothesis and suggests 
that there are compensatory mechanisms in adipose tissue whereby PTEN is 
down regulated to maximise insulin stimulated glucose uptake in this depot. 
Replication of our finding is required in further datasets along with studies to 
confirm that PTEN protein expression is also reduced.
Supported by: Diabetes UK

515
Insulin resistance is induced by endoplasmic reticulum stress in the 
human adipocytes
C.J.H. van der Kallen1,2, M.M.J. van Greevenbroek1,2, M.G. Robertus1,2,  
M. Wabitsch3, C.D.A. Stehouwer1,2, C.G. Schalkwijk1,2; 
1Dept of Internal Medicine, Maastricht University, Netherlands, 2CARIM, 
Maastricht University, Netherlands, 3Division of Pediatric Endocrinology 
and Diabetes, University of Ulm, Germany.

Background and aims: Obesity is associated with insulin resistance and type 
2 diabetes. However, the mechanisms linking these pathologies remain not 
completely understood. Recent studies in rodent models revealed endoplas-
mic reticulum (ER) stress in adipose and liver tissues and demonstrated that 
ER stress could cause insulin resistance. Morover, studies in human adipose 
tissue suggest a relationship between obesity-related ER stress and metabolic 
dysfunction in obese humans, such as insulin resistance. The aim of this study 
was to test the effect of ER stress on insulin resistance in human adipocytes.
Materials and methods: In this study we used a human preadipocyte cell 
strain derived from subcutaneous white adipose tissue of a patient with 
Simpson-Golabi-Behmel syndrome (SGBS). The SGBS cell strain exhibits a 
high capacity for adipose differentiation, resulting in mature fat cells which 
are biochemically and functionally similar to human adipocytes. Differenti-
ated SGBS cells were incubated with (or without) thapsigargin for 1, 2, 4, 6, 
or 18 hours to induce ER stress. ER stress in our system was monitored by an 
increase in the protein expression of GRP94 and GRP78. Insulin sensitivity 
was measured as induction of Akt phosphorylation by 100 nM insulin for 15 
min (at the end of 1, 2, 4, 6 or 18 hours incubations). The readout of insulin 
sensitivity is determined by the ratio phosphorylated AKT (phospho-Akt) vs 
Akt (ratio phospho-Akt/Akt).
Results: Thapsigargin induced ER stress, as measured by a 1.2 to 2.3 fold 
increase in GRP78 and 1.1 to 1.3 fold increase in GRP94. Insulin induced 
Akt phosphorylation at all time points (1.4 to 2.6 fold increase in phospho-
Akt/Akt ratio). After 1, 2, 4, 6 hours of incubation with thapsigargin, insu-
lin-induced Akt phosporylation was 1.3 fold higher compared to incubations 
without thapsigargin, suggesting improved insulin sensitivity. In contrast, a 
18 hours incubation of cells with thapsigargin, reduced the effect of insulin 
on Akt phosphorylation compared to incubations without thapsigargin with 
28%, indicating an induction of insulin resistance.
Conclusion: In human adipocytes (SGBS cells), short term induction of ER 
stress cells, resulted in an increase in insulin sensitivity, while adipocytes ex-
posed to ER stress for a long period showed insulin resistance. This SGBS 
adipocyte model may be a useful tool to study the role of ER stress in human 
adipocyte biology.

516
Regulation of plasma metabolome and subcutaneous adipose 
transcriptome by insulin in the clamp study
O. Pivovarova1,2, L. Willmitzer3, A.F.H. Pfeiffer1,2, V.J. Nikiforova3,4,  
N. Rudovich1,2; 
1Department of Clinical Nutrition, German Institute of Human Nutrition 
Potsdam-Rehbruecke, Nuthetal, 2Department of Endocrinology, Diabetes 
and Nutrition, Charité University Medicine, Campus Benjamin Franklin, 
Berlin, 3Department of Molecular Physiology, Max Planck Institute of 
Molecular Plant Physiology, Potsdam, Germany, 4Timiryazev Institute of 
Plant Physiology, Moscow, Russian Federation.

Background and aims: Insulin, the dominant anabolic hormone, suppresses 
endogenous glucose production, stimulates glucose utilization by insulin-
sensitive tissues and inhibits the lipolysis in fat. Few studies describe insu-
lin-dependent transcriptome changes and no data exist for metabolome. In 
this pilot study we examined acute insulin effects on plasma metabolites and 
subcutaneous adipose tissue (SAT) transcriptome under clamped euglycemia 
and hyperglycemia.
Materials and methods: Healthy obese men (n=14) underwent a placebo 
infusion test (0.9% NaCl-infusion for 4 h) and/or a hyperinsulinemic, eug-
lycemic clamp (EC), and/or a hyperinsulinemic, hyperglycemic clamp (HC). 
SAT biopsy and plasma samples were taken at -40 min and 240 min of the 
tests. Full human genome Agilent chips were used for transcript profiling, 
and GC/MS analysis was applied to get the metabolome of plasma. An ex-
plorative analysis of insulin-induced changes with calculating 240 to basal ra-
tio was conducted. We proposed “non-changed values” as range of 1.2 to 0.8 
in these ratios with p>0.06. To evaluate a trend of changes, we estimated the 
proportion of up and down regulated genes and metabolites (“up-to-down 
ratio”).
Results: The highest insulin and blood glucose levels were observed in the 
HC test (p<0.001). In EC, insulin levels were higher then these of placebo 
tests under similar blood glucose levels.

Plasma metabolome and SAT transcriptome changes
Tests Metabolites

changes (%), 
ntotal=3199

Up-to-down 
ratio

Gene expression
changes (%),nto-

tal=38662

Up-to-down 
ratio

Placebo 
infusion

2.15 0.19 2.80 1.72

EC 16.30 0.025 3.50 2.82
HC 15.75 0.66 4.01 3.20

Conclusion: Insulin down regulates a big portion of plasma metabolome 
under euglycemia, while simultaneous expressional changes are only minor. 
This observation reflects possible prevalence of stoichiometric-driven chang-
es in insulin-dependent metabolome.
Supported by: German Research Foundation, German Academic Exchange 
Service

517
Level of TLR-4, IL-6, TNF-a, but not TLR-2 was elevated in skeletal 
muscles from non-obese subjects with impaired glucose tolerance (IGT) 
compared to normal subjects
S.-E. Choi1, E.-S. Ha1, S. Han1, H. Kim1, D. Kim1, Y. Kang2, K.-W. Lee1; 
1Endocrinology and Metabolism, Ajou University School of Medicine, 
2Institute for Medical Science, Ajou University School of Medicine, Suwon, 
Republic of Korea.

Background and aims: In obese subjects and type 2 diabetes, insulin resist-
ance has been shown to be associated with chronic inflammatory states. Recent 
studies have suggested that Toll-like receptors, which are components of the in-
nate immune system, and inflammatory signals may play a critical role in satu-
rated fatty acid-induced insulin resistance in skeletal muscles of obese subjects 
and type 2 diabetes. However, the relation between inflammation and insulin 
resistance has not been intensively studied in non-obese patients with IGT. In 
this study, we investigated TLR gene expression, inflammatory cytokine, and 
insulin signaling in skeletal muscles from non-obese patients with IGT.
Materials and methods: Ten IGT subjects and 15 control subjects were re-
cruited for this study. Whole-body insulin-mediated glucose uptake was de-
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termined using a euglycemic hyperinsulinemic clamp test. Muscle biopsies 
were obtained from the vastus lateralis muscle before and after insulin stimu-
lation. Next we determined TLR gene expression, levels of several inflamma-
tory cytokine, and insulin signaling using immunoblotting.
Results: Subjects with IGT had significantly higher fasting blood glucose and 
HbA1c levels in comparison with control subjects. Total-cholesterol, triglyc-
eride, and high-density lipoprotein levels were not significantly different be-
tween the groups. Insulin stimulated glucose infusion rates were 39% lower 
in the IGT group than the control group (control: 7.33 + 0.5 vs. IGT: 4.54+ 
0.6, p < 0.01). Also the activity of insulin signaling molecules such as IR-β, 
IRS-1, AKT, and GSK-3β were reduced in the IGT group compared to the 
control group. To investigate involvement of inflammation in skeletal mus-
cle from non-obese subjects with IGT, we measured levels of TLR-2, TLR-4, 
IL-6, and TNF-α. Interestingly, the level of TLR-4 significantly increased by 
200% in the IGT group. But TLR-2 did not. Increased level of IL-6 and TNF-α 
were 600% and 200%, respectively, in the IGT group compared to the normal 
group. We then investigated intracellular signaling molecules related with in-
flammation. Phosphorylation of NFκB, mTOR, and STST3 were observed in 
the IGT group compared to the control group. But phosphorylation of JNK, 
p38 and ERK did not.
Conclusion: Levels of TLR-4, IL-6, and TNF-α were increased in skeletal 
muscles of non-obese subjects with IGT compared to normal subjects. Our 
data suggested that inflammation may associate with insulin resistance in 
non-obese subjects with IGT, as well as obese subjects.
Supported by: GRRC and KNDP (A050463)

518
Histone variant H2A.Z is enriched in the vicinity of the transcriptional 
start site of insulin-modulated genes. A possible epigenetic link to 
insulin-dependent transcription
L. Pirola, A. El-Osta; 
Baker IDI Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: Besides its metabolic effects, insulin controls gene 
expression in insulin-responsive tissues. In insulin resistance, extensive 
transcriptional alterations occur in skeletal muscle and adipose tissue, due 
to impaired insulin signalling. As insulin-dependent transcriptional control 
is regulated by the mutual interplay between the transcriptional machinery 
and its chromatin template, we sought to investigate whether known insulin-
regulated genes bear specific chromatin signatures using L6 myotubes as a 
model system.
Materials and methods: Differentiation of L6 cells was carried out under 
normoglycaemic conditions (5.5 mM glucose). Fully differentiated myotubes 
were incubated for 6 hours in the presence of 100 nM insulin or 100 nM 
insulin in 25 mM glucose containing medium. Gene expression levels were 
compared to unstimulated myotubes in normoglycaemic conditions. Primer 
pairs around the hexokinase 2 (HK2) transcriptional start site (TSS) spanned 
a region from - 4000 bp to +500 bp. Primers for genes of the insulin signal-
ling cascade were designed within 1 kb from the start codon. Chromatin im-
munoprecipitation (ChIP) was performed with antibodies directed to H2A, 
H2A.Z and acetylated H3K9/14. mRNA levels and DNA enrichment in ChIP 
were measured by real time PCR.
Results: As a paradigm for insulin-regulated genes in L6 myotubes we stud-
ied HK2, insulin receptor substrate 1 (IRS1) and IRS2. HK2 mRNA was in-
creased > 2-fold following 6-hours insulin stimulation, while IRS1/2 mRNAs 
were downregulated. ChIP to H2A and H2A.Z showed that the histone 2A 
variant H2A.Z is specifically accumulated around the TSS of insulin modu-
lated genes, including HK2, IRS1, IRS2. By contrast, H2A.Z enrichment was 
not observed distally to the TSS (i.e. 4 kb upstream) in the HK2 promoter, nor 
in the vicinity of the TSS in the HPRT1 housekeeping gene. The ratio between 
H2A and H2A.Z deposition was not sensibly affected by insulin treatment. 
However, H2A.Z deposition along the HK2 gene positively correlated with 
H3K9/14 acetylation levels, both in the basal and in the insulin-stimulated 
condition, in which H3K9/14 acetylation was further enhanced. Whether 
H2A.Z also coordinates the occurrence of other histone post-translational 
modifications on insulin-regulated genes, such as transcriptionally-promot-
ing H3K4 methylation and transcriptionally-repressive H3K9 methylation, is 
currently under investigation.
Conclusion: Our findings on a selected subset of insulin-responsive genes 
in L6 myotubes suggest that they bear a common “epigenetic signature”, 
consisting in enrichment of the H2A.Z histone variant around the TSS. We 
hypothesize that enriched H2A.Z deposition may be instrumental in confer-
ring insulin-responsiveness to these genes, by facilitating the occurrence of 

histone post-translational modification. As an example we show a correla-
tion between increased H2A.Z deposition along the HK2 gene and increased 
H3K9/14 acetylation following exposure to insulin. Further investigation is 
warranted to determine whether H2A.Z deposition may be dysregulated in 
insulin resistance and type 2 diabetes.
LP has been supported by the Franco-Australian INSERM-NHMRC coopera-
tion programme

519
Insulin and glucose promote expression of CD36 and phagocytosis of 
oxidized-LDL in monocytes from lean insulin sensitive and obese insulin 
resistant subjects
M. Sarigianni1, K. Paletas1, A. Tsapas1, M. Kaloyianni2, K. Topouridou3,  
G. Koliakos3; 
1Metabolic Diseases Unit, 2nd Department of Internal Medicine Clinic, 
Aristotle University, Medical School, 2Laboratory of Animal Physiology, 
Department of Zoology, Aristotle University, Biology School, 3Department 
of Biological Chemistry, Aristotle University, Medical School, Thessaloniki, 
Greece.

Background and aims: Obesity and insulin resistance are atherosclerosis risk 
factors and commonly associate with hyperinsulinemia and hyperglycemia. 
Expression of CD36 on monocytes and phagocytosis of oxidized-LDL are an 
essential part of the process of atherosclerosis. The aim of the present study 
was to investigate whether insulin sensitivity associate with the atherosclerot-
ic properties of monocytes in lean and obese with or without insulin resist-
ance subjects in the environment of hyperinsulinemia and hyperglycemia.
Materials and methods: Monocytes were isolated from whole blood of 8 
lean insulin sensitive, 6 obese insulin resistant and 6 obese insulin sensitive 
subjects. Insulin sensitivity was estimated with euglycemic hyperinsulinemic 
clamp. For the estimation of CD36 scavenger receptor density on monocytes 
surface, a fluorescein isothiocyanate (FITC)-linked monoclonal antibody 
was used. LDL was oxidised and labeled with DiI towards DiI-oxi-LDL and 
phagocytosis from monocytes was estimated through the measurement of 
fluorescence after 1h and 3h of incubation. All experiments were repeated 
after pre-incubation of monocytes with insulin or glucose. The SPSS 15.0 was 
used for the statistical analysis.
Results: The 3 groups did not differ in the age (p=0.9) but there was significant 
difference in BMI (Kg/m2) (20.3± 0.9 lean, 32.1±0.9 insulin sensitive obese 
and 33.3±1.4 insulin resistant obese) and glucose disposal rate (mg/Kg*min) 
(10.9±1 lean, 7.1±1.5 insulin sensitive obese and 2.3±1.5 insulin resistant 
obese). The surface density of CD36 on monocytes after incubation with glu-
cose was increased in the groups of the lean (p=0.035) and the obese insulin 
resistant (p=0.002) subjects compared to the control samples. The same result 
was observed when monocytes were pre-incubated with insulin (p=0.004, 
lean subjects and p=0.006, obese insulin resistant subjects). Phagocytosis of 
oxi-LDL in lean subjects increases after monocyte incubation for 1h and 3h 
with glucose (p=0.02 and p=0.032, respectively) and with insulin (p=0.015 
and p=0.041, respectively) compared to the control samples. In the obese in-
sulin sensitive subjects an increase was observed only after 1h of monocyte 
incubation with glucose and insulin (p<0.001) while in obese insulin resistant 
patients phagocytosis of oxi-LDL was increased after 1h of monocyte incuba-
tion with insulin (p=0.027) and after 3h with glucose (p<0.001). A correlation 
between insulin sensitivity and CD36 surface density (Spearman’s rho=0.343, 
p=0.026) and oxi-LDL phagocytosis (Spearman’s rho=0.578, p<0.001), after 
monocyte incubation with insulin, was observed.
Conclusion: Insulin and glucose can influence CD36 surface density and 
oxi-LDL phagocytosis on human monocytes and an association between 
these properties and insulin sensitivity was observed in the hyperinsulinemic 
state. The differences noted among obese insulin sensitive subjects could be 
attributed to a cofounding factor possibly associated with the maintenance of 
“inappropriate” (according to their obesity) insulin sensitivity.
Supported by: 03ED29 research project PENED (25% Greek Ministry of Devel-
opment, 75% from E.U. fund)
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520
Insulin and GH signalling in human skeletal muscle in vivo following 
exogenous GH exposure: impact of an oral glucose load
T. Krusenstjerna-Hafstrøm, M. Madsen, M. Vendelbo, N. Jessen, N. Møller, 
J.O.L. Jørgensen; 
Medical Department M (Endocrinology and Diabetes), Aarhus University, 
Denmark.

Background and aims: GH acutely induces insulin resistance in skeletal 
muscle in vivo but the underlying molecular mechanisms remain unknown. 
We tested the hypothesis that GH suppresses glucose-stimulated insulin sig-
nalling pathways
Materials and methods: Eight healthy young men (age 25 +/- 2 yrs) were 
studied in a single-blinded, randomised, crossover design. Each subject was 
studied in the morning after an overnight fast on three different days: 1) after 
an intravenous GH bolus (0.5 mg), 2) after an intravenous GH bolus plus and 
oral glucose load (75 g.), and 3) after intravenous saline plus oral glucose. 
Muscle biopsies were obtained at 0 min, 30 min, 60 min, 120 min and blood 
samples at regular intervals during each study day.
Results: GH increased AUCglucose (P= 0.05) without significant changes in 
blood insulin levels. GH induced phosphorylation of STAT5b independently 
of oral glucose intake. Conversely, oral glucose induced phosphorylation of 
the insulin signalling proteins Akt and AS160 independently of GH expo-
sure.
Conclusion: 1) Insulin signalling pathways in human skeletal muscle in vivo 
are acutely activated by an oral glucose load. 2) A physiological GH bolus 
activates STAT5b signalling pathways acutely in skeletal muscle irrespective 
of ambient circulalting glucose and insulin levels.3) GH-induced insulin re-
sistance in human subjects does not seem to be mediated by down regulation 
of insulin signalling pathways.

521
Influence of insulin kinetics on the post receptor signal transduction of 
insulin in patients with type 2 diabetes
A. Weise1, E. Pfützner2, A. Krasner3, F. Flacke3, M.M. Weber2, S.S. Steiner3, 
T. Forst1, A. Pfützner1; 
1R&D, IKFE Institute for Clinical Research and Development, Mainz, 
Germany, 2University Hospital, Mainz, Germany, 3Biodel Inc., Danbury, 
United States.

Background and aims: Next to its glucose lowering effects, insulin also ex-
erts a specific activity when binding to insulin receptors on the endothelial 
cell. The nature of these effects is dependent on the insulin concentration and 
the degree of resistance of the insulin receptor. Dependent on the underlying 
conditions, insulin can lead to cardio-protective production of nitric-oxide 
or can induce atherogenic growth hormone effects. This pilot study was per-
formed to investigate the impact of insulin pharmacokinetics on vaso-protec-
tive and atherogenic insulin signal transduction pathways in patients with 
type 2 diabetes mellitus.
Materials and methods: Seven patients with type 2 diabetes who participat-
ed in a prospective, randomized three-way crossover study could be included 
into this analysis (5 male, 2 female, age: 63±7 yrs., HbA1c: 7.1±0.6 %, BMI: 
30.1±3.3 kg/m²). They received an individually calculated dose of regular hu-

man insulin (RHI) to cover a standardized liquid meal, or 90 % of this dose as 
the fast-acting insulin analog lispro (LP) and the ultra-rapid regular human 
insulin VIAject (VJ) on separate occasions. Next to glucose measurement, 
the mRNA of peripheral circulating monocytes, used as indicator cells for 
the endothelial insulin response, was isolated and subjected to quantitative 
determination of the expression of eNOS (anti-oxidative insulin effect) and 
MAPK-1 (atherogenic/growth hormone effect of insulin) by means of the 
LightCycler real-time PCR technology at 0, 30, 60, 90, 120 and 180 min.
Results: There was no difference in postprandial glycemic control between 
the three treatment arms. Treatment with RHI was associated with indica-
tions of atherogenic activity: increased postprandial expression of MAPK-
1 (AUC of changes from baseline (0-240min): 80±124 AU), and decreased 
eNOS expression (-177±268 AU). In contrast, VJ showed a vasoprotective 
expression profile (MAPK-1: -50±78 AU, p<0.05 vs. RHI, eNOS: 98±134 AU, 
p=0.063). Intermediate results were obtained with LP (MAPK-1: 24±78 AU, 
p=0.084 vs. VJ, eNOS: -10±31 AU, p<0.05 vs. VJ).
Conclusion: In this pilot experiment, treatment with the ultra-fast regular 
human insulin formulation VIAject resulted in an improved endothelial 
function profile independent of glycemic control, while regular human in-
sulin had atherogenic effects. These results suggest that the pharmacokinetic 
profile of insulin may have a major influence in the control of vasoprotective 
vs. atherogenic effects of insulin in patients with type 2 diabetes mellitus. Our 
results may be of help for the interpretation of recent outcome study results 
with insulin.
Supported by: Biodel Inc., Danbury, CT
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AICAR stimulats insulin signalling pathway independent of AMPK 
activation in L6 myotubes
Z. Zhou, S. Huang, Y. Wang, Y. Leng; 
Shanghai Institute of Materia Medica, Chinese Academy of Sciences, China.

Background and aims: AICAR is widely used as a pharmacological activator 
of AMPK and has been reported to increase glucose uptake and improve in-
sulin sensitivity in skeletal muscle by activation of AMPK. Here, we observed 
the incremental effect of AICAR on insulin signaling pathway independent 
of AMPK activation in L6 myotubes.
Materials and methods: 2-deoxy [3H] glucose uptake was performed in L6 
myotubes to examine the effect of AICAR in the presence or absence of com-
pound C or/and wortmanin under both basal and insulin stimulated states. 
Phosphorylation of AMPK and Akt were detected by western blot. Tyrosine 
phosphorylation of IR and IRS1 were detected by immunopricipitation. RNA 
interference was performed to silence AMPK gene expression.
Results: AICAR increased basal or insulin stimulated glucose uptake in L6 
myotubes. The AICAR enhanced glucose uptake under basal condition could 
not be suppressed by preincubation with either compound C or wortmanin, 
but could be fully blocked by the combination of compound C and wort-
manin. AICAR increased Akt phosphorylation in L6 myotubes with a time 
and dose dependent manner, and this effect could not be blocked by pre-
treatment with compound C or AMPK silencing using siRNA, which sug-
gested that AICAR stimulated Akt phosphorylation independent on AMPK 
activation. Moreover, AICAR dose dependently increased tyrosine phospho-
rylation of IR and IRS1, which suggested that AICAR could activate insulin 
signaling pathway.
Conclusion: ACIAR could activate insulin signaling pathway independent 
on AMPK activation in L6 myotubes. The enhanced glucose uptake induced 
by AICAR might be not only due to the activation of AMPK, but also the 
activation of insulin signaling pathway.
Supported by: 973 Program of China 2009CB522300, NSFC 90813029, Shang-
hai Rising-Star Foundation
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Gender effect on insulin sensitivity and secretion in different categories 
of glucose tolerance
A. Kautzky-Willer1, A.R. Brazzale2, A. Tura3, J. Vrbikova4, B. Bendlova4,  
E. Moro5, G. Pacini3; 
1Internal Medicine III, Medical University of Vienna, Austria, 2Social 
Cognitive Quantitative Sciences, University of Modena and Reggio Emilia, 
Italy, 3Metabolic Unit, ISIB-CNR, Padova, Italy, 4Institute of Endocrinology, 
Prague, Czech Republic, 5Internal Medicine, Regional Hospital, Venice, Italy.

Background and aims: It is not yet clear whether parameters on insulin re-
sistance and insulin secretion extracted from metabolic tests depend upon 
the sex of the subject. With this study, we aimed to evaluate the gender effect 
on insulin sensitivity and beta cell function in a large population of subjects 
divided according to main categories of glucose tolerance. Gender effect was 
assessed after having accounted for age and body mass index (BMI).
Materials and methods: A total of 2130 subjects of both genders (F=females; 
M=males) were studied with a 3h-75g oral glucose tolerance test (OGTT) 
with samples every 30 min. Subjects were divided into three categories ac-
cording to their fasting and 2h glucose level: normal tolerance (NGT; 611/362 
F/M; age 37±1/40±1 (mean±SE) [range 10-77] years; BMI=25.6±0.2/25.9±0.2 
[16.3-57.3] kg/m2; fasting glucose, Gb 4.7±0.02/4.9±0.02 mmol/l; fast-
ing insulin, Ib 52±1/56±2 pmol/l); impaired fasting glucose or glucose tol-
erance (IGM; 301/441; age 55±1/54±1 [11-78]; BMI 28.6±0.3/27.5±0.2 
[15.5-53.0]; Gb 6.1±0.03/6.2±0.02; Ib 74±3/73±2) and type 2 diabetes (T2D; 
180/235; age 60±1/58±1 [25-79]; BMI 28.9±0.4/28.2±0.3 [17.3-62.9]; Gb 
7.4±0.09/7.3±0.06; Ib 92±5/92±5). From OGTT data, we calculated the insuli-
nogenic index as beta cell function [BCF=(I30-Ib)/(G30-Gb), where I30 and G30 
are insulin and glucose measured at 30 min], insulin sensitivity [IS=10000/
√(Ib×Gb×mean(I)×mean(G)), Matsuda Index] and glucose clearance (OGIS 
from mathematical modeling). Statistical analysis was a pooled analysis of 3 
homogeneous data-sets performed using multiple regression, ANOVA and 
2-sample t-test in suitably defined strata.
Results: BCF is reduced with age and increased with BMI independently of 
the tolerance category and sex (p<0.0001). Taken all together, BCF is high-
er in F than in M (103±6 vs. 79±10 pmol/mmol, p<0.001) after having ac-
counted for age and BMI. Precisely, F have a significantly higher BCF only 
in NGT (p<0.0001), while BCF was not different by sex in IGM (p=0.11) and 
T2D (p=0.30). IS is markedly reduced with increasing BMI in every category 
(p<0.0001), while it does not change with sex (p=0.46) and age (p=0.14). 
When the gender effect is evaluated, after having accounted for age and BMI, 
F have a higher IS only in NGT (7.2±0.2 vs. 6.7±0.3, p=0.015), being p=0.68 
in IGM and p=0.21 in T2D. OGIS depends upon age and BMI, decreasing 
when they augment (p<0.001), but only marginally related to sex (p=0.081). 
When dividing into categories, again, the difference between sex is observed 
only in NGT (F 473±3 vs. M 454±3 ml/min/m2, p<0.005), being p=0.66 in 
IGM and p=0.18 in T2D.
Conclusion: Beta cell function is highly dependent on age and BMI, while 
sex related differences are present only in NGT. Also insulin sensitivity, high-
ly dependent on BMI, is higher in F than in M only in NGT, when calcu-
lated accounting for age and BMI. In general, beta cell function and insulin 
sensitivity are influenced by gender only in individuals with normal glucose 
tolerance; with deterioration of metabolic control, as observed in impaired 
tolerance and type 2 diabetes, the effect of gender vanishes.
Supported by: Grant IGA MH CR NS/9839-4
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Association of elevated serum ferritin concentration with insulin 
resistance and impaired glucose metabolism in Koreans
C.-H. Kim1, H.-K. Kim2, J.-Y. Park3, K.-U. Lee3; 
1Internal Medicine, Soonchunhyang University Bucheon Hospital, 
Kyeonggi-do, 2Health Promotion Center, Asan Medical Center, Seoul, 
3Internal Medicine, University of Ulsan College of Medicine, Seoul, Republic 
of Korea.

Background and aims: Iron overload in patients with hemochromatosis or 
hematologic diseases, is reported to be associated with insulin resistance and 
development of diabetes. However, data concerning relationship between se-

rum ferritin levels and glucose metabolism abnormalities in non-pathologic 
conditions are scanty. This study investigated the association of serum ferritin 
levels with insulin resistance and impaired glucose metabolism.
Materials and methods: We analyzed the clinical and laboratory data of 
12,090 subjects (age 18-90 years, 6,387 men and 5,703 women) who under-
went routine medical check-ups. Those included 1,084 subjects with type 2 
diabetes (DM), 3,783 with impaired fasting glucose (IFG), and 7,223 with 
normal fasting glucose (NFG). Serum ferritin, HbA1c, fasting glucose, and 
insulin levels were measured. Insulin resistance (HOMA-IR) and beta-cell 
function (HOMA%B) indices were derived from homeostasis model assess-
ment.
Results: Since the average serum levels of ferritin was higher in men than in 
women, we analyzed the data of men and women separately. Ferritin con-
centrations were the highest in DM group, followed by the IFG group, and 
the NFG group in both men and women (160 ± 98, 181 ± 116, 195 ± 139 
ng/ml, respectively, in men; 59 ± 54, 76 ± 60, 91 ± 66 ng/ml, respectively, 
in women; p < 0.01 for all). In multiple regression analysis, serum ferritin 
levels were associated with BMI, waist circumference, fasting glucose, serum 
triglycerides, aspartate aminotransferase, alanine aminotransferase (ALT), 
gamma-glutamyl transferase (GGT), high sensitivity CRP (hsCRP), and 
HOMA-IR in men. In women, age, fasting glucose, triglycerides, ALT, GGT, 
and hsCRP levels were related to serum ferritin concentration. After adjust-
ment for age, BMI, waist circumference, and blood pressure, the odds ratio 
(OR) for T2DM, comparing the fourth quartile of ferritin with the first quar-
tile, was 1.60 (95% confidence interval 1.29-1.99) in men and 1.40 (0.98-2.01) 
in women. In men, after further adjustment for ALT, GGT, triglyceride, and 
hsCRP, the OR was attenuated to 1.28 (1.02-1.61). In non-diabetic subjects, 
after adjustment for age, BMI, waist circumference, and blood pressure, OR 
for IFG in the fourth quartile of ferritin was 1.64 (1.40-1.92) in men and 1.68 
(1.39-2.03) in women. After further adjustment for ALT, GGT, triglyceride, 
and hsCRP, the OR was slightly attenuated to 1.36 (1.15-1.61) for men, and 
1.52 (1.25-1.85) for women. In NFG subjects, the OR for metabolic syndrome 
in the fourth quartile of ferritin after adjustment for age and BMI, was 1.99 
(1.36-2.92) in men and 1.19 (0.80-1.76) in women. In men, after further ad-
justment for ALT, GGT, and hsCRP, the OR was slightly attenuated to 1.61 
(1.08-2.41).
Conclusion: Increased serum level of ferritin was associated with insulin re-
sistance, type 2 diabetes, IFG, and metabolic syndrome in men, but only with 
IFG in women. These results suggest that iron overload is strongly associated 
with insulin resistance in men, but not clearly in women.

525
Ferritin concentrations, type 2 diabetes, metabolic syndrome and insulin 
resistance in a Chinese population
Y. Ren, Y.Y. Liu; 
Division of Endocrinology and Metabolism, West China Hospital of Sichuan 
University, Chengdu, China.

Background and aims: Inflammation may play a key role in the develop-
ment of Diabetes Mellitus (DM), metabolic syndrome and insulin resistance. 
High level of the acute phase reactant ferritin has been reported to positively 
correlate with DM and insulin resistance. In this study we examined the asso-
ciation among serum ferritin concentrations, DM, metabolic syndrome and 
insulin resistance in a Chinese population in Sichuan province.
Materials and methods: We conducted a cross-sectional study in 3040 sub-
jects over 18 years old from three communities in Sichuan province. Serum 
ferritin concentrations, glucose tolerance status, plasma lipids, alanine ami-
notransferase, aspartate aminotransferase, uric acids and creatinine were de-
termined in all subjects. Blood pressure, BMI and waist circumferences were 
also measured. Metabolic syndrome was diagnosed using the IDF criteria.
Results: Individuals with newly diagnosed diabetes, previously diagnosed 
diabetes and prediabetes (including IGT and IFG) had elevated serum 
ferritin concentrations compared with those of normal glucose toler-
ance (191.13±114.96µg/l vs. 184.63±109.51µg/l vs. 164.77±116.25µg/l vs. 
119.58±97.57µg/l, P<0.05). After adjusting for age, race, BMI, smoking, alco-
hol consumption, activity, family history, education, residential district, waist 
circumferences, waist-to-hip ratio (WHR), blood pressure, plasma lipids and 
uric acids, (the odds ratio of prediabetes and DM was 1.54 (95% CI: 1.08-2.19) 
in men with ferritin concentrations ≥300µg/l and was 1.80 (95% CI: 1.36-2.39) 
in women with ferritin concentrations ≥150µg/l, respectively.) the odds ratio 
of prediabetes and diabetes was 1.46 (95% CI 1.05-2.03) in men with elevated 
ferritin concentrations in the highest quartile (≥271.1µg), and 1.76 (95% CI 
1.34-2.33) in women with elevated ferritin concentrations(≥141.5µg).
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The prevalence of metabolic syndrome in subjects with serum ferritin con-
centrations in the highest quartile was significantly higher than those whose 
serum ferritin concentrations were in the lowest quartile, either in men 
(32.2% vs 10.1%, P<0.001) or women (38.8% vs 10.7%, P<0.001). After ad-
justing for age, race, BMI, smoking, alcohol consumption, activity, family 
history, education and residential district, the odds ratios of metabolic syn-
drome in subjects with serum ferrtin concentrations in the highest quartile 
were 1.71 (95% CI 0.92-3.19) in men and 1.67 (95% CI 1.03-2.70) in women 
when compared with those in the lowest quartile. In all subjects, the serum 
ferritin concentrations increased gradually with the increasing numbers of 
co-existing metabolic components accordingly (P<0.001). This positive re-
lationship between the numbers of co-existing metabolic components and 
serum ferritin concentrations remained significant when male and female 
subjects were analyzed separately (P<0.001). A positive association was found 
between serum ferritin concentrations and HOMA-IR. HOMA-IR (≥1.98) 
was associated with a higher level of ferritin and uric acid.
Conclusion: Serum ferritin concentrations increased remarkably in diabetic 
patients, and elevated serum ferritin concentrations were associated with an 
increased risk of prediabetes(including IGT and IFG) and diabetes. Further-
more, we found a positive association between serum ferritin concentrations 
and metabolic syndrome. Also elevated level of ferritin was positively associ-
ated with insulin resistance.

526
Independent association between the renin angiotensin aldosterone 
system and insulin resistance
A. Tomaschitz1, S. Pilz1, B.R. Winkelmann2, B.O. Boehm3, W. Maerz4; 
1Internal Medicine, Medical University of Graz, Austria, 2Cardiology Group, 
Frankfurt-Sachsenhausen, Germany, 3Department of Medicine/Division 
of Endocrinology, University Hospital Ulm, Germany, 4Clinical Institute of 
Medical and Chemical Laboratory Diagnostics, Medical University of Graz, 
Austria.

Background and aims: The nonsuppressed activity of the Renin Angiotensin 
Aldosterone System (RAAS) in the presence of high salt diet is increasingly 
implicated to play a key role in the development and progression of insulin 
resistance (IR). With the present analysis, we aimed to investigate the impact 
of plasma renin (PRC), aldosterone (PAC) and angiotensin 2 (ang2) concen-
trations on IR in a large cohort of patients (on usual western diet) of type 2 
diabetic and nondiabetic individuals referred to coronary angiography.
Materials and methods: We performed multivariate adjusted statistical 
analysis to investigate the cross-sectional relations between mediators of the 
RAAS to IR. IR was assessed from fasting insulin and glucose levels and the 
validated homeostasis model assessment (HOMA-IR). We measured plasma 
renin (PRC), angiotensin2 (ang2) and aldosterone concentrations (PAC) re-
flecting systemic RAAS as wells as several circulating biomarkers reflecting 
inflammation (CRP), endothelial dysfunction (homocysteine), lipid metabo-
lism (HDL-, LDL-cholesterol, free fatty acids, triglycerides, adiponectin and 
leptin), renal function (cystatin C), hemostasis (PAI-1 and fibrinogen) and 
neurohormonal activation (NT-pBNP).
Results: The mean age of the study population (n = 3153; 31.9% women) was 
62.7 (± 10.6 years) and type 2 diabetes was present in 999 (31.7%) individuals 
studied. Fasting insulin (U/L) and HOMA-IR (U), were significantly different 
between diabetic and nondiabetic probands (11.9± 10.8 versus 15.8 ± 15.1 U/
L, P<0.001; and 3.22 ± 4.5 U versus 5.1 ± 5.8, P<0.001, respectively). In regard 
of the RAAS, only PRC (pg/mL) was elevated in diabetic compared to nondi-
abetic individuals (46.7 ± 137.7 versus 39.8 ± 165.2; P=0.006). We performed 
(log-transformed) multivariable adjusted one-way analysis of variance to 
compare distribution of fasting insulin and HOMA-IR within quartiles of 
PRC, ang2 and PAC levels. Overall, we observed a steadily and significant 
absolute rise in mean fasting insulin across PRC-, ang2- and PAC-quartiles 
(Q) (mean increase: 3.24 U/L, P<0.001 (PRC-Q); 1.36 U/L, P<0.001 (ang2-Q) 
and 3.36 U/L, P<0.001 (PAC-Q), respectively). Accordingly, median HOMA-
IR increased steadily from the bottom Q of PRC, ang2 and PAC-levels to the 
upper Q of each RAAS mediator (from 1.91 U (PRC-Q1) to 2.88 U (Q4), 
P<0.0001; from 2.19 U (ang2-Q1) to 2.55 U (Q4), P<0.001; and from 1.79 
U (PAC-Q1) to 2.76 U (Q4), P<0.001). In a multivariate stepwise regression 
model after plasma leptin (β=0.299, P<0.001), PRC (β=0.170, P<0.001) and 
PAC (β=0.129, P<0.001) emerged as strongest predictors for fasting insulin. 
With this in line, plasma leptin, PRC, BMI, PAI-1, HDL-cholesterol and PAC 
(for all variables p<0.001) emerged as most important predictors for HOMA-
IR. The overall models used explained 29.1% and 32.1% of the interindividual 
variability of fasting insulin and HOMA-IR, respectively.

Conclusion: Our findings suggest that inappropriate RAAS activity contrib-
utes considerably to an increased IR and may therefore provide a feasible 
mechanism for target organ damage in patients with impaired glucose me-
tabolism.

527
The effect on insulin action of the angiotensin converting enzyme 
inhibitor captopril combined with either a calcium channel blocker, 
amlodipine, or low dose thiazide, bendroflumethiazide
C.M. McHenry1, C.N. Ennis2, S.J. Hunter1, A.B. Atkinson1, P.M. Bell1; 
1Regional Centre Endocrinology and Diabetes, 2Regional Endocrine 
Laboratory, Royal Victoria Hospital, Belfast, United Kingdom.

Background and aims: Combinations of antihypertensive agents are needed to 
meet stringent blood pressure (BP) targets in patients with diabetes. Concern ex-
ists regarding deleterious metabolic effects of some of these drugs. Angiotensin 
converting enzyme (ACE) inhibitors are neutral or maybe beneficial with regard 
to insulin action, whereas thiazide diuretics may cause insulin resistance unless 
used in low dose. Calcium channel blockers are often used first line or as part of 
combination regimens, but less is known about their metabolic effects. In this 
study we compared the effects on insulin action of two commonly used regimens; 
the ACE inhibitor captopril combined with low dose diuretic bendroflumethi-
azide, or captopril combined with the calcium channel blocker amlodipine.
Materials and methods: We performed a randomised cross over trial in 13 
hypertensive patients with type 2 diabetes. Following six week placebo run 
in, patients were assigned captopril 50 mg twice daily combined with either 
amlodipine 10 mg once daily (CA) or captopril combined with bendroflume-
thiazide 1.25 mg once daily (CB) for 12 weeks. The primary outcome, insulin 
sensitivity, was assessed by the isoglycaemic hyperinsulinaemic clamp after 
placebo run in and following the two 12 week treatment periods. The power 
of the study, based on previous clamp data, gave a 90% chance of detecting 
a 20% difference in action of insulin at the 5% level of significance. Analysis 
was as recommended by Hills and Armitage for crossover studies.
Results: Both combinations led to a reduction in BP from baseline (CA 
140/82 to 131/76 mmHg; p<0.05: CB 144/81 to 126/76 mmHg; systolic re-
duction p<0.05 and diastolic p=0.08). Systolic BP was lower following CB 
compared to CA (126 vs. 131 mmHg; p=0.004). Fasting glucose (CA 7.7 ± 0.4 
mmol/l vs. 8.0 ± 0.5 mmol/l, p=0.35), HbA1c (CA 6.9 ± 0.4 vs. CB 7.2 ± 0.4 %; 
p=0.14) and fasting insulin concentrations (CA 9.4 ± 1.1 mU/l vs. CB 11.04 ± 
1.42 mU/l, p=0.07) all tended to be higher following CB compared to CA, but 
none of these differences reached statistical significance. Exogenous glucose 
infusion rates required to maintain isoglycaemia during hyperinsulinaemia 
were similar after CA compared to CB (28.8 ± 4.2 vs. 25.3 ± 3.8 µmol/kg/min; 
p=0.12). There was also no difference between treatment periods in basal 
endogenous glucose production (CA 10.0 ± 0.7 vs. CB 10.9 µmol/kg/min; 
p=0.64), nor was there any change from baseline (10.0 ± 0.8 µmol/kg/min). 
Suppression of endogenous glucose production, an index of hepatic insulin 
sensitivity, was similar between therapies (p=0.74).
Conclusion: Whilst both combinations were effective in lowering BP from 
baseline, the captopril/bendroflumethiazide combination lowered BP to a 
greater extent than captopril/amlodipine. Although there was a tendency 
towards negative metabolic effects with the captopril/bendroflumethiazide 
combination, the differences did not reach the predetermined level deemed 
clinically significant. A small negative effect of captopril/bendroflumethi-
azide could be uncovered in a larger trial.
CMcH was funded for research by the R&D Office of the DHSS, Northern Ire-
land
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A double-blind, placebo-controlled, crossover study to evaluate the 
effects of multiple doses of prednisone on insulin sensitivity in healthy 
lean males
E.A. Kauh1, M. Hompesch2, L.M. Mixson3, J. McCarthy4, V. Maridakis1,  
L. Morrow2, S. Shankar4, G.A. Herman4; 
1Experimental Medicine, Merck & Co., Inc., North Wales, 2Profil Institute 
for Clinical Research, Chula Vista, 3Biostatistics and Research Decision 
Sciences, Merck & Co., Inc., Rahway, 4Experimental Medicine, Merck & Co., 
Inc., Rahway, United States.

Background and aims: Supraphysiologic endogenous or exogenous gluco-
corticoid activity has been well established as a cause of impaired glucose 



S 212 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

tolerance. To date, no single study has evaluated the dose-dependent effects 
of the widely used glucocorticoid, prednisone, on glucose disposal during 
short-term oral administration. The objective of the study was to use the 
hyperinsulinemic euglycemic clamp to assess the effects of commonly used 
prednisone doses on insulin action.
Materials and methods: Following one week of daily administration of 10 mg 
and 25 mg prednisone or placebo in a double-blinded, randomized, crossover 
study design of 17 healthy, nondiabetic, lean males (age 31.5 ± 9.2 years, BMI 
23.2 ± 1.4 kg/m2); glucose disposal was assessed using a two-step hyperin-
sulinemic euglycemic clamp with insulin infusion rates of 0.5 mU/kg·min for 
step 1 and 2.0 mU/kg·min for step 2. The amount of glucose infused during 
the final 30 minutes of each step (“steady state”), to maintain a stable serum 
glucose level (90 mg/dl) was used as a biomarker for insulin sensitivity and 
was used to calculate whole body glucose disposal (M), glucose metabolic 
clearance rate (MCR), M/I ratio and the insulin-sensitivity index (Si). The 
drug effect, as measured by a decrease in insulin sensitivity for each dose of 
prednisone as compared to placebo, was estimated and compared for the dif-
ference between doses and the associated one-sided P-value from an analysis 
of covariance (ANCOVA) mixed-effects model for 3 period crossover design. 
Results from each step of the clamp (i.e. the different insulin infusion rates) 
were analyzed separately.
Results: During Step 1 of the clamp, M and MCR were both reduced by 35% 
(p=0.003) while M/I was reduced by 29% (p=0.025) for 25 mg prednisone 
compared to placebo. No appreciable effect of 10 mg prednisone was ob-
served. During Step 2 of the clamp, M was reduced by 33% (p=0.001) and 
by 15% (p=0.006), respectively for 25 mg and 10 mg prednisone compared 
to placebo; MCR was reduced by 32% (p<0.001) and 14% (p=0.008), respec-
tively for 25 mg and 10 mg prednisone compared to placebo; M/I ratio was 
reduced by 31% (p<0.001) and 13% (p=0.026), respectively for 25 mg and 10 
mg prednisone compared to placebo. Compared to placebo, Si decreased by 
33% (p<0.001) and 19% (p<0.014) for 25 mg and 10 mg prednisone, respec-
tively. For 25 mg prednisone compared to 10 mg prednisone, Si decreased by 
17% (p=0.049).
Conclusion: Based on the analyses of these indices of insulin sensitivity, 
short-term prednisone administration results in dose-dependent inhibitory 
effects on insulin action in healthy, lean males, indicating that gluco-meta-
bolic abnormalities may occur following treatment with even low to moder-
ate doses of prednisone.

529
Evaluating effect of insulin resistance and beta cell function in a 
pioglitazone and metformin fixed-dose combination study
R. Spanheimer1, Z. Zhao2, A. Perez2; 
1Medical & Scientific Affairs, Takeda Pharmaceuticals North America, 
Inc., Deerfield, 2Takeda Global Research & Development Center, Inc., Lake 
Forest, United States.

Background and aims: Insulin resistance and failure of the ß-cell to adapt 
to increasing insulin needs are the two core defects in type 2 diabetes mel-
litus (T2DM). Homeostatic model assessment (HOMA) is a method used to 
quantify insulin resistance or ß-cell function. Pioglitazone (PIO) improves 
glycemic control primarily by reducing insulin resistance, whereas metform-
in (MET) exerts its effect primarily by decreasing hepatic glucose output. In 
addition, thiazolidinediones may also have direct effects on ß-cell preserva-
tion and ß-cell function improvement.
Materials and methods: In this double-blind trial comparing fixed-dose 
combination (FDC) of PIO/MET vs respective monotherapies, the efficacy 
and safety of PIO/MET FDC therapy in T2DM patients during a 24-week 
trial period were studied. Patients were on no antidiabetes medications for 12 
weeks and had a hemoglobin A1c (A1c) ≥7.5% and ≤10%. The primary end-
point was change from Baseline in A1c of PIO/MET FDC (N=201) vs PIO 
(N=189) or MET (N=210) monotherapy. Change from Baseline in HOMA-
IR was evaluated as a secondary endpoint using fasting glucose and insulin 
levels.
Results: In all treatment groups, compared with Baseline (P<0.05), A1c was 
improved. A significant decrease in HOMA-IR was observed in Week 16 
through 24 for the PIO/MET FDC, which was comparable to PIO mono-
therapy at Week 16 and 20, with a smaller decrease in HOMA-IR observed in 
the MET group. At Final Visit (Week 24), the greatest decrease in HOMA-IR 
was seen in those receiving PIO/MET FDC (Figure).
Conclusion: The improvement in HOMA-IR was most in PIO/MET FDC 
and PIO monotherapy, and PIO appeared to be the major contributing factor. 
Analysis of overall treatment-emergent adverse events showed no increase in 

the combination group with 50.7% for PIO/MET FDC and 52.1% and 53.1% 
for PIO and MET monotherapy, respectively.

Supported by: Takeda Global Research & Development Center, Inc.

530
Pioglitazone and sitagliptin compared to pioglitazone and metfomin 
therapy on glycaemic control and on insulin resistance in type 2 diabetic 
patients 
G. Derosa, A. Cicero, P. Ragonesi, S. Salvadeo, I. Ferrari, F. Querci, I. 
Franzetti, G. Gadaleta, L. Ciccarelli, M. Piccinni, A. D’Angelo, R. Fogari; 
Internal Medicine and Therapeutics, University of Pavia, Italy.

Background and aims: our study aimed to compare the effects of pioglita-
zone (P) plus sitagliptin (S) vs pioglitazone (P) plus metformin (M) on glyc-
emic control and on insulin resistance related-parameters in type 2 diabetic 
patients.
Materials and methods: ninety-nine type 2 diabetic patients with uncon-
trolled type 2 diabetes mellitus (HbA1c > 7.5 %) were randomised to P 30 
mg o.d. and S 100 mg o.d. or to P 15 mg b.i.d. and M 850 mg b.i.d. All type 
2 diabetic patients were resulted not well controlled with diet and physical 
activity and P at dosage of 30 mg/day. The treatment period had a 9 months 
duration. We evaluated BMI, HbA1c, FPG, PPG, FPI, Homa index and col-
lected plasma samples of adiponectin (ADN), resistin (R), tumor necrosis 
factor-alpha (TNF-α), and high-sensitivity C reactive protein (Hs-CRP) at 
baseline, and after 9 months.
Results: ninety-two patients completed the study (46 in PS and 46 in PM 
group). BMI was significantly reduced by PM, but not by PS (from 27.8±1.4 
to 27.4±1.1 Kg/m2, ns vs baseline, and from 27.6±1.2 to 26.8±0.9 Kg/m2, p< 
0.05 vs PS, respectively). HbA1c was decreased by 1.1±0.07 % (p< 0.01), and 
by 1.3±0.09 % (p< 0.01); FPG was reduced by 17±3 mg/dl (p< 0.01), and by 
23±4 mg/dl (p< 0.01); PPG was decreased by 29±5 mg/dl (p< 0.01), and by 
31±6 mg/dl (p< 0.01), in PS and PM group, respectively. FPI was decreased 
by 3.0±0.2 μU/ml (p< 0.05), and by 3.9±0.3 μU/ml (p< 0.01 vs baseline, p< 
0.05 vs PS), and Homa index by 1.6±0.5 (p< 0.05), and by 2.1±0.6 (p< 0.01 
vs baseline, p< 0.05 vs PS) in PS and PM group, respectively. ADN was in-
creased by 0.2±0.002 μg/ml (ns vs baseline), and by 1.2±0.2 μg/ml (p< 0.05 
vs baseline, p< 0.05 vs PS), in PS and PM group, respectively. Resistin was 
reduced by 0.2±0.001 ng/ml (ns vs baseline), and by 2.2±0.3 ng/ml (p< 0.05 
vs baseline, p< 0.05 vs PS), TNF-α by 0.2±0.001 ng/ml (ns vs baseline), and by 
1.0±0.3 ng/ml (p< 0.05 vs baseline, p< 0.05 vs PS), and Hs-CRP by 0.7±0.005 
mg/l (p< 0.05), and by 0.7±0.005 mg/l (p< 0.05), in PS and PM group, respec-
tively. There was a significant correlation between Homa index decrease and 
ADN increase (r= -0.57, p< 0.01), R decrease (r= 0.55, p< 0.01), and TNF-α 
decrease (r= 0.53, p< 0.01).
Conclusion: both combinations ameliorated diabetes control, but only PM 
improved insulin resistance related-parameters. The ADN increase, R and 
TNF-α decrease seem to be related to Homa index improvement.
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A comparison between metabolic and vascular effects of simvastatin and 
rosuvastatin in patients with type 2 diabetes
A. Bellia, A. Galli, S. Rizza, R. Fabiano, R. Rossi, M. Lombardo, M. Tesauro, 
M. Federici, P. Sbraccia, D. Lauro; 
Department of Internal Medicine, University of Rome, Italy.

Background and aims: Type 2 diabetes (T2D) is frequently characterized by 
metabolic and vascular abnormalities, like insulin-resistance, endothelial dys-
function and low-grade systemic inflammation, leading to an increased risk of 
coronary heart diseases. Statins have been largely reported to reduce cardio-
vascular events, with a distinctive benefit for patients with T2D. Beside varia-
tions in lipid profile, this beneficial effect might be attributable to a number of 
vascular actions of statins, including effects on endothelial dysfunction and in-
flammation. However, the potential effects of statins on insulin-resistance and 
glucose tolerance in diabetic patients are still controversial. The present rand-
omized, parallel, single-blind, intervention study has been direct to compare 
the effects of treatment with rosuvastatin or simvastatin on glucose control, 
insulin-resistance and endothelial dysfunction in individuals with T2D.
Materials and methods: After a run-in period of 3 weeks, twenty-nine dy-
slipidemic T2 diabetic (non obese) patients (aged 56±8, mean±SD) treated 
with oral antidiabetic drug (OAD) were randomly assigned to rosuvastatin 
20 mg/daily (Group R, n=14) or simvastatin 20 mg/daily (Group S, n=15) 
for six months. The following data were collected before and after treatment 
period: BMI, waist circumference, fasting glucose, HbA1c, lipid profile, hs 
CRP, fibrinogen, TNF-alpha, glucose disposal assessed by euglycemic hyper-
insulinemic clamp and flow-mediated vasodilation (FMD) evaluated by bra-
chial artery reactivity technique (BART). We used Student t-test for paired 
data to compare values (mean±SD) before and after treatment.
Results: No patients changed OAD therapy or modified their own life-style 
habits during the study. After six months of treatment, LDL decreased of 55% in 
Group R (56±13 mg/dl, p<0.001) and 40% in Group S (81±12 mg/dl, p<0.001). 
Faced to this improvement in LDL levels, we observed a change in glucose 
tolerance and insulin-resistance in both groups (baseline vs treatment): fast-
ing glucose (Group R 135±20 vs 149±23 mg/dl, p=0.004; Group S 136±24 vs 
142±19 mg/dl, p<0.05); HbA1c (Group R 6.6±0.7 vs 7.1±0.4%, p<0.001; Group 
S 6.7±0.2 vs 7.0±0.4%, p<0.05); peripheral glucose disposal (Group R 5.1±0.6 
vs 3.8±0.9 mg/kg/min, p=0.02; Group S 5.9±0.7 vs 5.2±0.5 mg/Kg/min, p=NS). 
FMD improved from baseline both in patients taking rosuvastatin (9.2±3.4 vs 
12.7±4.5%, p=0.01) and in patients taking simvastatin (6.7±2.4 vs 12.3±4.6%, 
p=0.002). Only subjects in Group R showed a significant change from baseline 
in hs CRP (3.4±1.5 vs 1.1±0.9 mg/l, p=0.03), fibrinogen (343±27 vs 287±26 
mg/dl, p=0.04) and TNF-alpha (12.2±6.5 vs 8.9±4.3 pg/ml, p=0.02).
Conclusion: In T2 diabetic patients treated for six months with Rosuvastatin 
20 mg/daily or Simvastatin 20 mg/daily it has been reported an increased 
defect in fasting glucose concentration and HbA1c levels. In patients taking 
rosuvastatin the alterations in glucose homeostasis are related to an impaired 
insulin sensitivity. By contrast, both statins improved vascular reactivity, with 
a significant change in inflammation biomarkers in the rosuvastatin arm. 
More data are requested to better elucidate the relationships between meta-
bolic and vascular actions of different statins, in order to verify whether cer-
tain drugs could be more appropriate than others to treat T2D dyslipidemia.

PS 32 Insulin sensitivity and lipids
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The relationship of liver fat content, glucose fluctuation and components 
of metabolic syndrome
M. Liu1, R. You1, S.X. Rao2, X.Z. Yao2, M.S. Zeng2, X. Gao1; 
1Endocrinology & Metabolism, 2Radiology, Zhongshan Hospital, Shanghai, 
China.

Background and aims: Both lean and obese insulin resistant individuals have 
an excess of fat in the liver. Liver fat is highly significantly and linearly corre-
lated with all components of the metabolic syndrome independent of obesity. 
Excess accumulation of fat in liver increases the risk of type 2 diabetes and 
cardiovascular disease, but the association of liver fat content and character of 
glucose fluctuation is unknown. This study aims to observe the association of 
liver fat content, character of glucose fluctuation and main metabolic param-
eters in 47 subjects with normal metabolic parameters monitored using the 
Continuous Glucose Monitoring System(CGMS) and 34 patients with non-
alcoholic fatty liver disease (NAFLD) tested the same metabolic parameters 
but without CGMS in China.
Materials and methods: 47 subjects with normal metabolic parameters were 
involved in the study by standard interview, anthropometrics (height, weight, 
waist circumference, hip circumference and blood pressure ) measurement, 
Laboratory tests included liver enzymes, renal function, lipid profile, serum 
glucose and insulin in oral 75g glucose tolerance test. All subjects were moni-
tored using the CGMS for 3 days.34 patients with NAFLD were tested the 
same metabolic parameters but the CGMS. The liver fat content was meas-
ured by proton magnetic resonance spectroscopy (1H MRS).
Results: 37 subjects (78%) with liver fat content<5% (1.98%±1.17%), 10 sub-
jects (22%) with liver fat content>5%(14.48%±12.22%). All subjects were di-
vided into two groups according the median of liver fat content tested by 1H 
MRS. The levels of serum triglyceride, fasting C peptide, insulin, HOMA-IR, 
area under curve of insulin and Insulin-plus of the 30th minute in OGTT 
in 23 subjects with liver fat content ≥2.21% were higher, but the HDL-c 
was lower than those of the group with liver fat content <2.21%.(P<0.05). 
Liver fat content was positive correlated with the level of BMI (r=0.547), 
ALT(r=0.676), AST(r=0.514), GGT(r=0.474), ALP(r=0.358), TG(r=0.577), 
fasting blood glucose (r=0.281) (all P<0.05), but was negative correlated with 
the level of HDL-c (r=-0.315, P=0.004) in all 81 subjects including 47 subjects 
with normal metabolic parameters and 34 patient with NAFLD. 35 valid data 
of CGMS were involved in the analysis. The MBG was 5.75±0.09 mmol/L, 
MAGE was 2.32±0.83 mmol/L. The liver fat content was positively correlated 
with MBG (r=0.338, P=0.047), AUC of blood glucose >5.6mmol/L(r=0.408, 
P=0.015), AUC of blood glucose>6.1mmol/L(r=0.409, P=0.015), and was 
not correlated with the highest blood glucose, the lowest blood glucose and 
MAGE.
Conclusion: 22% subjects with normal metabolic parameters have increased 
accumulation of liver fat and hepatic insulin resistance. Disorder of metabo-
lism existed in the subjects with excess accumulation of liver fat. The glucose 
fluctuation was found in the subjects with liver fat content>2.21%. 
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533
Lipid accumulation product is strongly associated with surrogates of 
insulin resistance, metabolic syndrome and cardiovascular disease risk in 
healthy men
M.J. Taverna1, F. Aranguren2, G.D. Frechtel3; 
1IDEHU, CONICET (National Research Council), Buenos Aires, 2Division 
of Diabetology, Clinical Hospital of the University of Buenos Aires, 
3Division of Genetics, Clinical Hospital of the University of Buenos Aires, 
Argentina.

Background and aims: lipid accumulation product (LAP), a novel index of 
central lipid accumulation, has been associated with diabetes and cardio-
vascular risk. LAP is based on a combination of waist circumference (WC) 
and triglyceride (TG) [LAP = (WC - 65) × TG for men, and (WC - 58) × 
TG for women]. Because insulin resistance (IR) is extremely common and 
its prevalence is increasing, early detection of high-risk individuals could be 
useful to predict and prevent diabetes and cardiovascular disease (CVD). 
We performed a population cross-sectional study in order to identify simple 
parameters, as LAP, with high ability in predicting IR, metabolic syndrome 
(MS) and CVD risk.
Materials and methods: 601 unrelated healthy men were recruited at our 
hospital. All subjects were non-diabetic blood donors with normal findings 
on medical examination and blood count, and free from any medication. 
Their ages ranged between 18 to 65 years (36.9 ± 10.8 years). The study was 
carried out in accordance with the Declaration of Helsinki, and approved by 
the ethic committee of our hospital. MS was determined according to the In-
ternational Diabetes Federation criteria (IDF-MS). Fasting insulin levels were 
measured using a human specific radioimmunoassay kit (cross-reactivity is 
less than 0.2% to intact human proinsulin and the primary circulating split 
form (des 31, 32)). HOMA-IR, QUICKI and LAP were calculated. Cardiovas-
cular risk was determined using the Framingham risk score.
Results: LAP was positively correlated with HOMA-IR (P <0.0001) and fast-
ing insulin (P <0.0001), and negatively correlated with QUICKI (P <0.0001). 
LAP showed high areas under the curves (AUCs) for ROC (receiver operat-
ing characteristic) curves for cutoff values of HOMA-IR (above 75th percen-
tile, AUC 0.76 ± 0.01 [95% CI 0.72-0.81]), QUICKI (below 25th percentile, 
AUC 0.76 ± 0.01 [0.71-0.81]) and fasting insulin levels (above 75th percentile, 
AUC 0.76 ± 0.01 [0.72-0.81]). The prevalence of IDF-MS was 38.6%. LAP was 
strongly associated with IDF-MS (P <0.0001) and their individual compo-
nents (P <0.0001 for every component). LAP showed the highest diagnostic 

accuracy for IDF-MS (AUC 0.89 ± 0.01 [0.86-0.92]) in comparison with oth-
er parameters such as HOMA-IR (AUC 0.71) among others. These findings 
were confirmed by internal validation using 32,000 bootstrap samples. The 
best cut-off value for prediction of IDF-MS was LAP 47.3 (sensitivity 0.76; 
specificity 0.82; predictive value of positive test 0.73; predictive value of nega-
tive test 0.85; correct classification rate 0.80). LAP was positively correlated 
with the cardiovascular Framingham risk score (P <0.0001).
Conclusion: This is the first report finding, in Argentinian healthy men, that 
LAP is strongly associated with IR, has the highest diagnostic accuracy for 
IDF-MS, and is strongly positively correlated with the cardiovascular Fram-
ingham risk score. LAP could be associated with a dysfunctional and lipolytic 
adipose tissue which is a central abnormality behind IR, MS, type 2 diabetes 
and CVD. The reliability of LAP in early identification of high-risk individu-
als for IR, MS and CVD requires further investigation using longitudinal 
designs.
Supported by: Fundación Florencio Fiorini (MJT), SAD (MJT) & FONCyT 
(PICT 38343, MJT & GDF)

534
Effects of fish oil on metabolic alterations induced by carbohydrate 
overfeeding in healthy volunteers
G. Allain1, V. Le Guen1, S. Lesven1, J. Mansourati2, F. Guerrero2,  
H. Kerspern3, J. Delarue1; 
1Laboratoire Régional de Nutrition Humaine, CHU, 2Université de Bretagne, 
EA-4324 Orphy, 3CHU, Laboratoire de Biochimie, Brest, France.

Background and aims: Long-term positive energy balance could induce 
metabolic alterations that lead to metabolic syndrome (MS). The aim of 
our study was to assess if fish oil (FO) supplementation could partially or 
completely prevent the metabolic alterations induced by 4-day carbohydrate 
overfeeding (O).
Materials and methods: 32 volunteers were randomized in 2 groups: one 
group without o (C) (10 W and 6 M, 44.1 ± 1.5 y, BMI: 22.30 ± 0.42 kg/m²) 
and one group with O (7 W and 9 M, 44.1 ± 1.6 y, BMI: 22.63 ± 0.36 kg/m²). 
Group C was studied once while absorbing usual diet; group O was studied 
6-w apart while absorbing over 4-d prior to each experiment 75% energy 
from CHO/d in addition of their daily energy expenditure. One test was 
made on each volunteer from C. The volunteers from O have been submitted 
to 2 periods of O 6 weeks apart. During these 6 weeks, after randomization, 8 
volunteers received 3g/d of FO (Epax 6000 TG QualitySilver®, Polaris, Pleu-
ven, France: 1.7g/d of EPA + DHA), the other 8 received 3g/d of paraffin oil 
(placebo P). Parameters studied: Glucose Infusion Rate (GIR) (euglycaemic 
hyperinsulinaemic clamp: insulin infusion rate = 1 mU/kg/min), mean arte-
rial blood pressure (MBP), heart frequency (HF), plasma FFA, HDL, triglyc-
erides (TG), insulin concentrations and cutaneous endothelium independent 
vasodilatation.
Results: mean±SEM (ANOVA and Student’s t-test). Comparison of O (n=16) 
vs. C (n=16): Basal state: O did not alter BMI (22.95 ± 0.31 vs. 22.63 ± 0.36 
kg/m²), increased basal insulinemia (5.5 ± 0.6 vs. 4.7 ± 0.3 mU/L ; p<0.05), 
TG (2.11 ± 0.29 vs. 0.72 ± 0.07 mmol/L; p<0.0001), decreased HDL choles-
terol (1.02 ± 0.08 vs. 1.46 ± 0.09 mmol/L; p<0.001) and FFA (176 ± 35 vs. 446 
± 44 µmol/L ; p<0.0001). O increased DEE (1.08 ± 0.04 vs. 1.00 ± 0.03 kcal/
min; p<0.05) and carbohydrates oxidation (3.09 ± 0.20 vs. 1.32 ± 0.09 mg/
kg/min; p<0.0001) and decreased fatty oxidation (0.11 ± 0.04 vs. 0.62 ± 0.06 
mg/kg/min; p<0.0001). HF tended to increase (65 ± 2 vs. 61 ± 2 bt/min; p= 
0.055). Vasodilatation was not altered by O. During the clamp: O decreased 
the GIR (9.71 ± 0.47 vs. 11.45 ± 0.60 mg/kg/min; p<0.05). DEE was increased 
(1.20 ± 0.04 vs. 1.15 ± 0.05 kcal/min; p<0.05), carbohydrate oxidation was 
increased (4.02 ± 0.23 vs. 3.45 ± 0.18 mg/kg/min; p<0.0001) and fatty oxida-
tion was decreased (0.00 ± 0.00 vs. 0.04 ± 0.03 mg/kg/min; p<0.0001). FFA 
were less inhibited (48 ± 6 vs. 17 ± 4 µmol/L; p<0.0001). MBP was increased 
(90.4 ± 1.4 vs. 87.0 ± 1.4 mmHg; p<0.05). Comparison of O + FO (n=8) vs. 
O + P (n=8): The P had no effect on each studied parameter. Basal state: FO 
decreased TG (1.58 ± 0.41 vs. 2.12 ± 0.58 mmol/L; p<0.05) without chang-
ing HDL cholesterol and LDL. FO decreased MBP (84.0 ± 6.8 vs. 86.4 ± 2.0 
mmHg; p<0.0001) and increased vasodilatation (6.39 ± 0.59 vs. 5.45 ± 0.44 
UA; p<0.05). During the clamp: FO increased the GIR (10.05 ± 0.70 vs. 8.84 
± 0.68 mg/kg/min; p<0.01), decreased MBP (85.3 ± 2.9 vs. 89.4 ± 1.7 mmHg; 
p<0.0001). FO had no effect on the other studied parameters.
Conclusion: A short term (4d) carbohydrate O reproduces without weight 
gain some metabolic alterations characteristic of the MS (increase in TG and 
of MBP, decrease in HDL cholesterol and insulin sensitivity). FO supplemen-
tation (1.7 g/d of EPA+DHA) over 6 weeks prevents the emergence of some 
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alterations: better insulin sensitivity, decrease in TAG and normalization of 
MBP.
G. Allain funded by CIFRE: CHU Brest-Polaris
Supported by: Fondation Coeur et Artères, Région Bretagne
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Paradoxal effect of chronic treatment with extended-release nicotinic 
acid on insulin sensitivity in patients with abdominal obesity and mixed 
dyslipidaemia
E. Blond1, S. Lambert-Porcheron1, A.-C. De Gouville2, H. Vidal3, M. Laville1; 
1Centre de Recherche en Nutrition Humaine Rhône Alpes, 
2GlaxoSmithKline, Les Ulis, 3INSERM unité 870, Lyon, France.

Background and aims: Nicotinic acid (NA) is used to regulate lipid abnor-
malities by reducing triglyceride (TG) level and LDL cholesterol. It is the most 
potent available lipid regulating agent to increase HDL cholesterol. However, 
its global therapeutic benefit could be questioned as an increase in glycaemia 
has been reported after chronic treatment. Thus, we wanted to investigate 
the effects of NA on insulin sensitivity as well as on non esterified fatty acids 
(NEFA) evolution during both acute and chronic administration of extended 
release NA (ENA).
Materials and methods: We performed a cross over, randomized, double 
blind study of twice 8 weeks (wash out 3 weeks); 8 men, 18-65 years old, with 
abdominal obesity and mixed dyslipidemia (without diabetes and hyperten-
sion), received ENA at 2g/day after an escalation dose of 500mg/week during 
4 weeks or placebo with 300mg of lysine acetylsalicylate. A euglycemic hyper-
insulinemic clamp with 2 levels of insulin (0.2 and 1mUI/kg/min) associated 
to glucose tracer infusion was performed on day 53. Substrate oxidation was 
also measured by indirect calorimetry. Glycerol, NEFA, TG, β-hydroxybu-
tyrate (β-OH), insulin and glycemia were monitored. Glucose, insulin, TG, 
NEFA, glycerol and β-OH kinetic were assessed for 8 hours on day 42 after 
a supplementary placebo administration and on day 56 after supplementary 
immediate release NA (INA) ingestion. This allows to appreciate acute and 
chronic effect of NA vs placebo.
Results: After 8 weeks of treatment, LDL cholesterol was decreased by 18.7% 
(3.63 ± 0.89 vs 2.99 ± 0.58 mM (p=0.028)) and HDL cholesterol increased by 
5.9% (1.23 ± 0.20 vs 1.16± 0.22mM) but not significantly (NS). TG were sig-
nificantly decreased during chronic treatment (3.03 ± 1.88 vs 1.31 ± 0.68 mM 
(p=0.012)). Chronic treatment with ENA significantly increase glycemia and 
insulinemia and HOMA was doubled (3.15 ± 0.52 vs 6.24 ± 2.24 (p=0.017)). 
During clamp, glucose utilisation tend to be decreased at the 2nd insulin dose 
with NA (4.44 ± 1.92 vs 3.73 ± 0.96 mg/kg/min (NS)). No change was ob-
served on basal hepatic glucose production which was similarly inhibited 
during the clamp. Baselines NEFA were slightly increased with ENA (437 ± 
267 vs 501 ± 264 µM (NS)) and similarly inhibited during the clamp as were 
glycerol and β-OH. After INA ingestion, we observed a decrease in NEFA fol-
lowed by a rebound effect (basal value: 464 ± 217 µM; p=0.61 - nadir: 177 ± 
123 µM; p=0.012 - peak: 987 ± 246µM; p=0.017). During chronic treatment, 
we observed a non significant increase in NEFA. Same kinetics were observed 
for glycerol and β-OH.
Conclusion: We demonstrate that chronic administration of ENA was asso-
ciated with dramatically changes in glucose metabolism and in insulin resist-
ance profile. This occurs despite a significant decrease in TG but with a trend 
to increase in NEFA. This insulin resistance seems to occur at the peripheral 
level (muscle) as hepatic glucose production inhibition was not altered. Rela-
tive risk-benefit of extended release NA should be assessed taking into ac-
count the HDL increase and deleterious change in glucose metabolism.
Supported by: GlaxoSmithKline
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The role of lipid subfractionation in predicting insulin sensitivity in 
normal glucose tolerant subjects 
B. Buday1, E. Kulcsár1, É. Péterfai1, M. Vitai1, B. Literati-Nagy1, P. Hamar2,  
L. Koltay3, L. Korányi1; 
1Department of Metabolism, Drug Research Center, Balatonfüred, 2Institute 
of Pathophysiology, Semmelweis University, Budapest, 3Department 
of Mathematics and Computer Science, Pannon University, Veszprém, 
Hungary.

Background and aims: Insulin resistance (IR) is associated with alterations 
of lipoprotein particle size especially with small-dense LDL, preceeding all 
other lipoprotein modifications and is associated with increased cardiovascu-
lar risk. The predictive value of lipoprotein particle size for IR is unknown.
In the present study, we analyzed the predictive value of lipoprotein size-sub-
fractions to hyperinsulinemic normogycemic clamp (HNC) measured glcu-
ose disposal rate adjusted for muscle mass (Mm) in both normal and impaired 
glucose tolerant subjects compared to other fasting parameters well known 
to predict IR.
Materials and methods: 159 previously healthy (H), medically non-treated 
individuals (83 males and 76 females, mean age: 44 ± 2 years) underwent a 
HNC to measure Mm. Individuals were categorized as healthy (NGT, n=80) 
or glucose intolerant (GI: n= 79; IFG/IGT or drug-naïve 2DM) based on an 
OGTT. Lipoprotein size-subfractions were determined electrophoretically 
with the lipoprint system (Quantrimetrix). Basic anthropometric and meta-
bolic parameters (fasting insulin, glucose, conventional lipids), free fatty acid 
(FFA), adiponectin, leptin, resistin, TNF-alpha, IL-6, apoprotein B and A1 
were measured, percent body fat (PBF) and muscle mass were determined 
by DEXA.
Results: In H subjects, after adjusting with BMI, age, gender and PB, bi-
variate correlations with Mm stayed significant only in case of adiponectin 
(r=+ 0.407, p=0.006), leptin/adiponectin ratio (r = -0.268, p = 0.01), large 
and small IDL subfractions (IDL-A and IDL-C, r = +0.232, p = 0.014 and 
r = +0.247, p = 0.033) but not of conventional lipid and other parameters. 
According to a multivariate regression model BMI (p<0.0001), adiponectin 
(p<0.0001), VLDL% (p=0.0009), large (buoyant) LDL (LDL-1%, p=0.003), 
small-dense LDL (LDL2-7%)-to- total-LDL (LDL1-7%) ratio, total-LDL-to-
HDL ratio (p<0.0001) and small-dense LDL% (p<0.0001) were independent 
predictors of Mm (R2=0.51), but not fasting insulin, which only had a week 
bivariate correlation with the Mm (r = -0.259, p=0.018), similar to HOMA-IS 
(r= +0.28, p=0.014). In the GI group independent predictors of Mm (R2=0.50) 
were fasting insulin (p<0.0001), FFA (p=0.005), adiponectin (p=0.005) and 
triglyceride (p=0.031). HOMA-IS showed week bivariate correlation with the 
Mm value in GI subjects (r=+0.36, p=0.003).
Conclusion: In healthy subjects adiponectin and lipoprotein subfractiona-
tion predicted clamp measured IS better than the HOMA model. Decreased 
number of large buoyant LDL and IDL particles along with the increase of 
small-dense LDL may indicate IR before hyperinsulinemia and dyslipidemia 
occurs. Conventional lipid panel (hypertriglycerdemia) and hyperinsuline-
mia (i.e. the HOMA model) only indicated IR in glucose intolerant subjects.

537
The antioxidant N-Acetyl-L-cysteine does not reverse hepatic insulin 
resistance induced by prolonged (48h) lipid infusion
S. Pereira, C. Lee, L. Lam, A. Giacca; 
Physiology, University of Toronto, Canada.

Background and aims: Our group has previously demonstrated that the 
antioxidant N-Acetyl-L-Cysteine (NAC) and the anti-inflammatory sodium 
salicylate completely prevent hepatic and peripheral insulin resistance in-
duced by short-term (7h) i.v. lipid infusion. To determine if the mediators of 
hepatic insulin resistance differ depending on the duration of lipid infusion, 
we also established a prolonged (48h) lipid infusion protocol. The prolonged 
lipid infusion model mimics the chronically elevated plasma free fatty acids 
(FFAs) and increased FFA tissue availability characteristic of obesity. We have 
previously found that i.v. infusion of sodium salicylate at the same dosage as 
for the short-term lipid infusion model prevents peripheral but not hepatic 
insulin resistance. We wished to determine whether NAC is effective at the 
same dosage as in the short-term lipid infusion model.
Materials and methods: Wistar rats (250-310g, n=7-13/group) were chroni-
cally cannulated and given i.v. saline control or Intralipid plus heparin (IH; 
20% Intralipid plus 20 U/ml heparin at 5.5 μl/min), with or without NAC 
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(0.35 mg kg-1 min-1) for 48h; the rate of IH infusion was the same as for the 
7h protocol. During the last 2h of treatment, a hyperinsulinemic (5 mU kg-

1 min-1) euglycemic clamp with concomitant tritiated glucose methodology 
was performed to determine hepatic and peripheral insulin sensitivity.
Results: IH administration resulted in hepatic insulin resistance, as indicated 
by blunted insulin-mediated suppression of endogenous glucose production 
(EGP) (% change of EGP from basal: Saline, -69.4±10.6%; IH, -21.0±6.7%, 
p<0.05), and peripheral insulin resistance, as indicated by a modest reduc-
tion in clamp glucose utilization (GU) (Saline, 30.9±2.0 mg kg-1 min-1; IH, 
26.0±1.1 mg kg-1 min-1, p<0.05). Similar to sodium salicylate, NAC co-in-
fusion completely prevented peripheral insulin resistance (GU: IH+NAC, 
31.9±1.2 mg kg-1 min-1, p<0.05 vs. IH alone), but did not prevent IH-in-
duced hepatic insulin resistance (% change of EGP from basal: IH+NAC, -
13.5±9.6%, not significant vs. IH alone).
Conclusion: Similar to sodium salicylate, NAC, which completely prevented 
hepatic insulin resistance in the 7h lipid infusion model, is not effective in 
preventing IH-induced hepatic insulin resistance caused by prolonged lipid 
infusion. Unlike the short-term lipid infusion model, which is character-
ized by hepatic and peripheral insulin resistance, prolonged lipid infusion 
is a more selective model of hepatic insulin resistance, with minimal periph-
eral insulin resistance. Our findings indicate that either a greater dosage of 
IKKbeta inhibitor (sodium salicylate) or antioxidant is required in this mod-
el, perhaps in combination, or more likely that unknown mediators, other 
than IKKβ and oxidative stress, are important. These results highlight the 
difficulties in target identification for the treatment of fat-induced insulin re-
sistance in obesity.
Supported by: Research grants to A.G. from CIHR and CDA. CIHR CGS Doc-
toral Award to S.P.
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The lipid peroxidation product 4-hydroxynonenal uncouples insulin-
stimulated Akt phosphorylation from its activation, resulting in 
adipocyte insulin resistance
A. Osnis, N. Bashan, A. Rudich; 
Biochemistry, Ben Gurion University, Beer Sheva, Israel.

Introduction: Although it is accepted that diabetes and obesity are associated 
with increased oxidative stress, and oxidative stress as an isolated factor can 
cause insulin resistance, the exact oxidative mediators and molecular mecha-
nisms are poorly understood, particularly in fat cells. 4-hydroxynonenal 
(HNE) is a major peroxidation end-product of unsaturated fatty acids, which 
has been shown to be elevated in patients with diabetes and obesity. Moreo-
ver, its conjugation to proteins was suggested to constitute the major carbonyl 
modification in adipose tissue in these conditions. The aim of the present 
study was to characterize whether and how HNE impairs insulin signaling 
in adipocytes, with emaphasis on activation of Akt/PKB, a step particularly 
affected in adipocytes by other oxidants.
Methods: Differentiated 3T3-L1 adipocytes were exposed to 0-100 µM 
HNE for up to 4h, rinsed, and insulin signaling and action were studied af-
ter stimulation with 100 nM insulin. GLUT4 translocation and fusion was 
studied using confocal microscopy after introducing (by electroporation) a 
GFP-GLUT4myc plasmid, and assessing externalization of the myc epitope 
in non-permeabilized cells using anti-myc Ab.
Results: Treatment of 3T3-L1 adipocytes with HNE increased total protein 
corabonylation, as assessed by a Protein Oxidation Detection Kit (COM-
PANY). Consistent with previous reports, HNE impaired insulin actions 
including the stimulation of glucose uptake in 3T3-L1 adipocytes, in a time 
and dose dependent manner. This was mediated by impaired capacity of the 
hormone to stimulate GLUT4 fusion with the plasma membrane, though 
translocation (GFP rims) seemed to be less affected. Intriguingly, insulin-
stimulated phosphorylation of Akt on both Ser473 and Thr308 residues was 
increased 3-4 fold (p<0.05) following HNE pre-treatment, despite a time and 
dose-dependent decrease in total Akt content (p<0.05). HNE increased Akt 
phosphorylation by 3 fold also in the absence of insulin (p<0.05). To deter-
mine whether insulin resistance induced by HNE occurred downstream of 
normal or even exaggerated Akt activation by the hormone, phosphorylation 
of Akt substrates was assessed. Although basal phosphorylation of GSK3 on 
residues 9/21 mirrored basal Akt phosphorylation, it suggested a discrepancy 
between Akt phosphorylation and activation at higher doses in response to 
insulin. We next utilized the anti-phospho-Akt substrate (PAS) antibody gen-
erated against the phosphorylated Akt consensus sequence on target proteins. 
The notable increase in basal Akt phosphorylation was associated with a mild 
elevation in phosphorylation of various Akt substrates. Yet, despite the robust 

elevation in insulin-stimulated Akt phosphorylation induced by HNE, Akt-
mediated phosphorylation of its various target proteins, including AS160, 
was markedly diminished.
Conclusion: These results suggest that the lipid peroxidation product 4-HNE 
can cause adipocyte insulin resistance by uncoupling Akt phosphorylation 
from the enzyme’s activity in response to insulin stimulation.
Supported by: Israel Science Foundation
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N-acetylcysteine reduces gluconeogenesis without altering hepatic lipid 
accumulation or mitochondrial superoxide production in an in vitro 
model of NAFLD
K.A. Lockman1, C.J. Pemberton2, J.P. Baren2, C. Filippi3, P. Cowan2, P. Lee2, 
A. Pryde2, F. Howie4, P.C. Hayes2, A.J. Jaap1, J.N. Plevris2; 
1Department of Diabetes and Endocrinology, Royal Infirmary of Edinburgh, 
2Department of Hepatology, University of Edinburgh, 3MRC Scottish 
Centre of Regenerative Medicine, University of Edinburgh, 4Department of 
Biochemistry, University of Edinburgh, United Kingdom.

Background and aims: Reactive oxygen species and insulin resistance are im-
plicated in the progression of simple hepatic steatosis to steatohepatitis. Free 
radical scavenger, N-Acetylcysteine (NAC) is a thiol compound that has been 
proposed to prevent oxidative stress, thus protecting hepatocytes from injury in 
steatohepatitis. The aim of this study is to elucidate the effect of NAC on hepatic 
lipid accumulation, hepatic mitochondrial superoxide production and hepatic 
endogenous glucose production (EGP) as a marker of insulin resistance.
Materials and methods: C3A cells, a clonal derivative of HepG2 cell line, 
were incubated for 3 days with Lactate (L), Pyruvate (P), Octanoate (O) and 
Ammonia (N), as previously described with or without NAC (0.1mM). After 
a 3 day preconditioning, the presence of intracellular lipid was determined by 
oil red O staining. Triglyceride concentrations were measured using an enzy-
matic assay. Mitochondrial superoxide were detected by fluorescent micros-
copy using MitoSox Red and quantified by FACS. Total glucose production 
in the supernatant and glucose concentrations after 4 hour incubation with 
gluconeogenic substrates were measured using Bergmeyers method. Cell vi-
ability was assessed using propidium iodide staining followed by FACS. Ex-
periments were done for n=3 in triplicate.
Results: Incubation with LPON and NAC did not affect cellular viability in all 
groups. LPON induced significant triglyceride accumulation when compared 
with control (Control (mean±SEM) 89.3±9.6 vs LPON 248.8±11.04 µg/g 
protein, P<0.01). LPON cells had higher mitochondrial superoxide forma-
tion (peak intensity LPON 31.5±2.9 vs control 16.5±4.1, P<0.05). Addition 
of NAC to LPON cells did not alter triglyceride concentrations (P=0.25) or 
superoxide production (P=0.40). In contrast, NAC caused a significant re-
duction in EGP (LPON:6799±231 vs LPON+NAC:5896±127.1 µmol/gTP; 
P=0.003), and this was also associated with a lower gluconeogenic capacity 
(LPON:7.1±0.8 vs LPON+NAC:4.9±0.6 µmol/gTP; P=0.04).
Conclusion: NAC treatment caused reduction in EGP, and presumably insulin 
resistance. This decrease was not associated with alteration in intracellular lipid 
accumulation or dependent on reduction of mitochondrial superoxide produc-
tion. However, it is possible that the effect of NAC on mitochondrial hydrogen 
peroxide (H2O2) may underlie the observed reduction in EGP. In addition, our 
data showed that the degree of intracellular lipid accumulation was not related 
to the EGP or gluconeogenic capacity, hence hepatic insulin resistance.

540
Dysregulation of intracellular triacylglycerol breakdown in fatty liver 
contributes to the development of hepatic insulin resistance
M. Cahova, J. Ždychova, H. Dankova, L. Kazdova; 
Department of Metabolism of Diabetes, Institute for Clinical and 
Experimental Medicine, Prague, Czech Republic.

Background and aims: Hepatic steatosis is associated with the development 
of hepatic insulin resistance (HIR). This study was designed to test the hy-
pothesis that steatosis-associated HIR is causally linked with dysregulation of 
endogenous triacylglycerol (TAG) degradation in fatty liver.
Materials and methods: Hepatic steatosis was induced by 2-week high-fat 
diet (HFD, 69 cal% as lard) administration to male Wistar rats (300±15 g). 
Hepatic lipase, (HL), triacylglycerolhydrolase (TGH)and lysosomal acid li-
pase (LAL) were identified according to their different pH optimum and their 
activity was measured on either emulgated 3H-labeled triolein (3H-TO) or 
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endogenous TAG in liver homogenate. Activated phagolysosomes (PhL) were 
prepared from 20% liver homogenate (H) by differential centrifugation.
Results: All three lipases exhibited measurable activities on 3H-TO substrate 
LAL > HL >> TGH (not shown) but the only lipase capable significantly de-
grade endogenous TAG was LAL. In rats fed SD total LAL activity in ho-
mogenate was higher in fasted animals and lower in fed ones. Correspond-
ing changes were found in mRNA expression. HFD administration resulted 
in significant stimulation of LAL activity in homogenate in fed animals but 
LAL mRNA and total LAL protein expression were not significantly different 
compared with SD group (tab-H). This contradiction could be explained by 
specific intracellular localisation of LAL that is functional only in lysosomes 
activated by substrate ingestion - fagolysosomes. While in homogenate no 
correlation between LAL protein expression and LAL activity was found, 
in phagolysosomal fraction these two variables changed in accordance with 
each other. We propose an additional mechanism of LAL activation inde-
pendent on mRNA and protein synthesis when the increased amount of in-
tracellular fat droplets in steatosis makes their contact with lysosomes more 
frequent and the probability of fagolysosomal formation increases. The tissue 
concentration of DAG was elevated in fatty liver (56±12 vs 154±21 nmol.
g-1). The data obtained in experiments designed to measure the production 
of DAG from endogenous TAG by LAL in vitro (SD vs HFD fasted: 85±9 
vs137±14 p<0,01; fed: 56±8 vs129±10 p<0,01 nmol.mg-1.60 min-1) indicate 
that stimulated lipolysis in HFD group is an important one source of liver 
DAG. HFD feeding led to the impairment of insulin signal transduction in 
liver (attenuated insulin-stimulated IRS, PKB and mTOR phosphorylation) 
and to the increased activation of PKCε.
Conclusion:The lipolysis of intracellular TAG is increased in fatty liver due to 
the substrate-dependent stimulation of LAL activity and leads to the overpro-
duction of DAG. Recent data indicate that PKCε activation is an important 
mechanism in HIR development. DAG, as a recognized activator of PKCε, 
may represent the causal link between fat-induced hepatic TAG accumula-
tion and hepatic insulin resistance via the PKCε activation.
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Relationships of TNF-alpha system with glucose and lipid oxidation in 
lean and obese subjects
A. Adamska, M. Karczewska-Kupczewska, I. Kowalska, A. Nikolajuk,  
M. Gorska, M. Straczkowski; 
Department of Endocrinology, Diabetology and Internal Medicine, Medical 
University of Bialystok, Poland.

Background and aim: One of the key actions of insulin is the regulation 
of glucose and lipid oxidation. Disturbances in substrate oxidation play 
an important role in the development of insulin resistance. Insulin action 
is inversely associated with circulating pro-inflammatory cytokines such 
as soluble TNF-α receptors (sTNFR1 and sTNFR2). The aim of the present 
study was to analyze the associations between serum sTNFR1 and sTNFR2 
concentrations and glucose and lipid oxidation and non-oxidative glucose 
metabolism in lean and obese subjects with normal glucose tolerance.

Materials and methods: We examined 42 subjects (30 females and 12 males), 
22 lean (BMI<25 kg x m-2, 16 females and 6 males) and 20 with overweight 
or obesity (BMI>25 kg x m-2, 14 females and 6 males) with normal glucose 
tolerance. Insulin sensitivity was measured with the hyperinsulinemic eugly-
cemic clamp technique. Glucose and lipid oxidation was evaluated with in-
direct calorimetry in the baseline state and during the last 30 minutes of the 
clamp. Non-oxidative glucose metabolism in the hyperinsulinemic state was 
calculated by subtracting glucose oxidation from the total glucose metabo-
lism. Metabolic flexibility was assessed as an increase in respiratory quotient 
(deltaRQ) in response to insulin.
Results: Serum sTNFR1 concentrations were higher in the obese in compari-
son with the lean group (p<0.0001). Insulin sensitivity was negatively related 
with serum sTNFR1 (r=-0.38, p=0.014), whereas the relationship with sTNFR2 
was approaching the level of significance (r=-0.30, p=0.057). Serum sTNFR1 
concentration was positively associated with the baseline glucose oxidation 
(r=0.32, p=0.043) and negatively - with the increase in glucose oxidation in re-
sponse to insulin (r=-0.40, p=0.01) and with non-oxidative glucose metabolism 
(r=-0.35, p=0.022). Significant negative correlation between serum sTNFR1 
and metabolic flexibility was observed (r=-0.36, p=0.019). Serum sTNFR2 was 
positively related to baseline respiratory quotient (r=0.36, p=0.018).
Conclusion: Our data suggest that TNFα system is associated with multiple 
metabolic pathways regulated by insulin.
Supported by: Medical University of Bialystok (3-50809L)
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Evaluating the insulin sensitivity and secretion function from the 2-hour 
OGTT by mathematical model
B. Li1, Q. Li2, Y. Xie3; 
1Tianjin Normal University, 2Department of Endocrinology, First Affiliated 
Hospital, Chongqing Medical University, 3Metabolic Disease Hospital, 
Tianjin Medical University, China.

Background and aims: To assess insulin sensitivity and secretion function 
from the 2-hour oral glucose tolerance test (OGTT), the mathematical model 
LMM (linear minimal model) was established from five physiological as-
sumptions in this paper.
Materials and methods: The insulin sensitivity index LMM-ISI and secretion 
function index LMM-BCI could be calculated simultaneously from the val-
ues of plasma glucose and insulin at four time points (0, 30, 60 and 120 min) 
during the 2-hour OGTT by model LMM. .Eighty Chinese female volunteers 
in Chongqing area (50 subjects for NGT and 30 subjects for IGR) were in-
volved in this study, aged 27.04±4.77 and BMI 22.59±3.59. Using the data 
from the Botnia clamp test and the 2-hour OGTT, the feasibility of LMM-ISI 
and LMM-BCI was studied in this paper.
Results: The Pearson’s linear correlation coefficient between LMM-ISI and 
GIR (glucose infusion rate at steady state of the Botnia clamp test) was 0.740 
(P<0.001) , which was larger than those corresponding values calculated from 
QUICKI, HOMA-ISI, HOMA2-%S, Cederholm-ISI and Composite-ISI, the 
respective values of which were 0.452, 0.493, 0.503, 0.610 and 0.678. After 
removing the effect of GIR, the partial correlation between LMM-BCI and 
G120 (plasma glucose concentration at 120 minute after ingestion of the oral 
load) in the OGTT was most significant (r=-0.642, P<0.001) among the six 
insulin secretion function indices (HOMA-β, HOMA2-%B, ΔI30/ΔG30, ΔI60/
ΔG60, MBCI and LMM-BCI) derived from the OGTT.
Conclusion: So LMM-ISI and LMM-BCI is a relatively good pair of insu-
lin sensitivity index and secretion function index derived from the 2-hour 
OGTT.
Correlation Coefficients between Sensitive Index and lnGIR

Partial Correlation Coefficients between Secretion Function Index and G120 after 
Removing the Effect
lnHOMA-ß lnHOMA2-%B lnΔI30/ΔG30 lnΔI60/ΔG60 lnMBCI lnLMM-BCI
-0.231* -0.225* -0.457# -0.636# -0.620# -0.642#
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Inflexion of the glucose disposition vector among insulin resistant 
children may be an early sign of beta cell insufficiency
T.J. Wilkin1, B. Storey2, A. Jeffery1, B. Metcalf1, L. Voss1; 
1University Medicine, Derriford Hospital, Plymouth, 2Physics, University of 
Dundee, United Kingdom.

Background and aims: Blood glucose is controlled by the interaction be-
tween insulin sensitivity (S) and insulin secretion (B), whose vector can be 
plotted over time. We tracked the vector of children who were insulin sensi-
tive, and compared it with that of children who were insulin resistant.
Materials and methods: BMI (kg/m2), fasting glucose, insulin, HOMA-%S 
and HOMA-%B were recorded annually from 5-12y in 258 healthy children 
(144 boys) from the EarlyBird cohort, grouped according to quartile of insu-
lin sensitivity at 5y (highest Q4, lowest Q1).
Results: BMI SDS (+0.16 Kg/m2, p<0.01) and glucose (+0.6 mmol/l, p<0.001) 
rose progressively from 5-12y. The BMI of Q4 was lower than Q1 (p<0.02), 
HOMA-%S (predictably) higher (p<0.02), and HOMA-%B lower (p<0.03) 
throughout. The vector of Q4 shifted only slightly in response to the loss of 
S associated with puberty. The vector of Q1, on the other hand, suggested 
early loss of B cell function (with compensatory increase in insulin sensitiv-
ity), followed by an acute switch in direction at 7y to indicate falling insulin 
sensitivity (with only partial beta cell compensation).
Conclusion: The inflexion appears to be a feature of early insulin resistance, 
and may correspond to a weakening of glucose control associated with adjust-

ment to beta cell loss. Importantly, it does not appear to be a normal event, 
and could represent early beta cell pathology among contemporary children.

Supported by: Bright Futures Trust, Child Growth Foundation, Nestec, Early-
Bird Diabetes Trust
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Insulin resistance is associated with metabolic syndrome but not with 
angiographically determined coronary artery disease 
J. Breuss1, A. Vonbank1,2, C.H. Saely1,2, P. Rein1,3, S. Beer1,2, H. Drexel1,2; 
1VIVIT Institute, Feldkirch, Austria, 2Department of Internal Medicine, 
Academic Teaching Hospital Feldkirch, Austria, 3Private University in the 
Principality of Liechtenstein, Triesen, Liechtenstein.

Background and aims: Insulin resistance (IR) is the key feature of the meta-
bolic syndrome (MetS) and in prospective studies predicts atherothrombotic 
events. Its association with directly visualised coronary atherosclerosis is un-
clear. We hypothesised that IR is associated with both angiographically deter-
mined coronary artery disease (CAD) and with the MetS.
Material and methods: We enrolled 986 consecutive patients undergoing 
coronary angiography for the evaluation of suspected or established stable 
CAD; significant CAD was diagnosed in the presence of ignificant coronary 
stenoses with lumen narrowing ≥50%. IR was determined by the HOMA in-
dex; the MetS was defined according to ATPIII criteria.
Results: HOMA IR scores were significantly higher in MetS patients than 
in subjects without the MetS (6.4 ± 2.1 vs. 2.2 ± 2.0; p <0.001). In contrast 
HOMA-IR did not differ significantly between patients with significant CAD 
and those who did not have significant CAD (3.9 ± 14 vs. 3.2 ± 4; p = 0.490). 
When both, the presence of MetS and of significant CAD were considered, 
HOMA-IR was significantly higher in patients with the MetS both among 
those who had significant CAD (7.2 ± 28 vs. 2.3 ± 2.1; p <0.001) and among 
those who did not have significant CAD (5.3 ± 5.7 vs. 2.1 ± 1.4; p <0.001) 
whereas it did not differ significantly between patients with significant CAD 
and subjects without significant CAD in patients with the MetS (7.2 ± 28 vs. 
5.3 ± 5.7; p = 0.679) nor in those without MetS (2.1 ± 1.4 vs. 2.3 ± 2.1; p = 
0.411). Similar results were obtained with the IDF definition of the metabolic 
syndrome.
Conclusion: IR is significantly associated with the MetS but not with angi-
ographically determined coronary atherosclerosis.
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545
Relation between cardiac autonomic dysfunction and insulin resistance 
in non diabetic obese patients
I. Banu, S. Chiheb, M. Nguyen, E. Cosson, P. Valensi; 
Endocrinology diabetology nutrition, Jean Verdier Hospital, Bondy, France.

Background and aims: Obesity is often associated with cardiac autonomic 
dysfunction (CAD). The role of insulin resistance in CAD has been suggested 
in diabetic patients. The aim of the present study was to evaluate the role of 
insulin resistance in CAD in non diabetic obese patients and whether meta-
bolic disorders are more common and blood pressure higher in patients with 
both insulin resistance and CAD.
Materials and methods: 394 overweighed or obese patients, aged 38,1 ± 14,4 
years, BMI 38;5 ± 7 kg/m², were included. An OGTT was performed, HOMA 
insulin resistance index was calculated and metabolic syndrome was assessed 
according to IDF criteria. CAD was defined by at least one abnormal out of 3 
cardiac autonomic function tests (deep breathing, lying-to-standing, Valsalva).
Results: CAD was present in 213/394 patients. Insulin resistance was defined 
by HOMA index ≥ 2.93 (median value). Insulin resistance was associated with 
a higher rate of CAD (63% vs 49% in the patients with HOMA < 2.93 ; p = 
0.006) and severe CAD as defined by 2 or 3 abnormal tests (23% vs 14% ; OR 
1.86 [1.10-3.15] ; p = 0.02). The population was divided in 4 groups : HOMA 
< 2.93 with either 0-1 abnormal CAD test or 2-3 abnormal CAD tests (groups 
1 and 2), HOMA ≥ 2.93 with either 0-1 abnormal CAD test or 2-3 abnor-
mal CAD tests (groups 3 and 4). There was a regular increase in BMI, waist 
and hip circumferences, waist/hip circumference ratio, systolic and pulsed 
blood pressure, blood glucose and serum insulin 2 hours after glucose intake, 
HbA1c, triglycerides from group 1 to group 4 (p = 0.02 to 0.0001). Similarly, 
the prevalence of impaired glucose tolerance and type 2 diabetes according 
to OGTT and the prevalence and severity of metabolic syndrome increased 
regularly from group 1 to group 4 (p < 0.0001 for all comparisons).
Conclusion: These data strongly suggest that in non diabetic obese patients in-
sulin resistance is associated with a higher prevalence of CAD and a more severe 
CAD and that CAD aggravates the consequences of insulin resistance on meta-
bolic disorders including glucose dysregulation and on blood pressure elevation.

546
Metabolic flexibility in the postprandial phase: a global assessment of 
metabolic defects in type 2 diabetes
J.-A. Nazare1, E. Disse1, C. Maitrepierre1, S. Normand1, V. Sauvinet1,  
M. Desage1, L. Chardon2, R. Cohen2, M. Laville1; 
1Centre de Recherche en Nutrition Humaine Rhone-Alpes, 2Fédération de 
Biochimie et Biologie Spécialisée/Hôpital Edouard Herriot, Lyon, France.

Background and aims: Impaired metabolic flexibility has been highlighted 
in type 2 diabetes using a euglycemic-hyperinsulinemic clamp. Our aim was 
to assess such an impaired metabolic flexibility in more physiological insulin-
induced conditions following a meal and to connect it with the postprandial 
metabolic pattern.
Materials and methods: Using indirect calorimetry and the percent relative 
cumulative frequency curve (PRCF) analysis for respiratory quotient (RQ), 
metabolic flexibility (as defined by H: slope of PRCF curve of RQ) and nutri-
ent oxidation were evaluated postprandially after an oral glucose load in 11 
type 2 diabetic subjects (DT group) and 9 control healthy subjects (C group). 
In parallel, insulinemia, glycemia, non-esterified fatty acids (NEFA) concen-
tration and total and endogenous glucose kinetics were assessed.
Results: Metabolic flexibility was significantly lower in the DT group 
(p<0.0001). Insulin concentration kinetics differed dramatically in the DT 
group, with no first acute phase but a longer-lasting response associated to a 
prolonged inhibition of lipolysis. In the DT group, EGP0-120min (Endogenous 
Glucose Production) was significantly higher, RaT120-300min (Appearance of 
Total glucose) significantly lower and RdT120-300min (Disappearance of Total 
glucose) significantly higher (p<0.05). H was significantly correlated to the 
insulinemic response, the glycemic peak, the total and endogenous glucose 
kinetics and to NEFA suppression.
Conclusion: H is an original marker of metabolic flexibility in the dynamic 
postprandial conditions and presently characterized the impaired ability to 
match fuel availability and utilization in type 2 diabetes. H integrates the in-
teraction between metabolic flexibility and the defects in both insulin-sensi-
tivity and insulin kinetics and showed that nutrient availability pattern sig-
nificantly determine metabolic flexibility.
Supported by: Lesaffre

547
Association of restrictive ventilatory dysfunction with insulin resistance 
and type 2 diabetes 
H.-K. Kim1, Y.-J. Jung1, S.-J. Bae1, J.-Y. Park2, K.-U. Lee2, C.-H. Kim3; 
1Health Promotion Center, Asan Medical Center, Seoul, 2Internal Medicine, 
University of Ulsan College of Medicine, Seoul, 3Internal Medicine, 
Soonchunhyang University College of Medicine, Bucheon, Republic of 
Korea.

Background and aims: It has been suggested that early life exposures which 
affect lung growth could also be associated with insulin resistance. This study 
was performed to investigate the association of ventilatory dysfunction with 
insulin resistance and type 2 diabetes.
Materials and methods: We cross-sectionally examined clinical, laboratory 
and pulmonary function data on 35,456 Korean adults (age 18-93 years, 40% 
women) which were recorded for routine health check-ups. Insulin resistance 
was estimated by fasting serum insulin concentration and homeostasis model 
assessment (HOMA IR).
Results: Type 2 diabetes group and pre-diabetes (impaired fasting glucose) 
group showed higher prevalence of restrictive ventilatory dysfunction (18% 
and 11%, respectively, vs. 8%; p < 0.01) and obstructive ventilatory dysfunc-
tion (4.3% and 3.2%, respectively, vs. 2.3%; p < 0.01) than normal glucose 
group. Compared with subjects with normal ventilatory function, the subjects 
with restrictive or obstructive ventilatory dysfunction had older age, higher 
fasting glucose, HbA1c, systolic and diastolic blood pressure, and greater pro-
portion of smokers. Serum triglyceride, fasting insulin levels, and HOMA IR 
were higher only in restrictive ventilatory dysfunction group than in normal 
or obstructive ventilatory dysfunction group. On logistic regression analy-
sis, age and sex-adjusted odds ratio (OR) of type 2 diabetes for restrictive 
ventilatory dysfunction was 1.59 (95% confidence interval, 1.43-1.78). After 
controlling exercise, drinking, and smoking habits, presence of hypertension, 
BMI, and waist circumference, the OR was 1.38 (1.23-1.55). However, further 
adjustment for HOMA IR attenuated the OR (1.12 [0.97-1.29]) to become 
insignificant. In contrast, obstructive ventilatory dysfunction was not inde-
pendently related with type 2 diabetes.
Conclusion: Our results indicate that restrictive ventilatory dysfunction is 
independently associated with type 2 diabetes, probably via insulin resist-
ance.

548
Algorithm based on HMW multimers of adiponectin strongly correlates 
with parameters of insulin resistance in non diabetic severe obese 
patients who are candidates for bariatric surgery
L. Valera1, E. Renard2,3, S. Roche1, V. Moulin1, N. Salvetat1, E. Dupas1,  
D. Laune1, B. Jardin1; 
1CNRS UMR 3145 Sysdiag, Montpellier, 2Endocrinology Department, 
Lapeyronie Hospital, 3University of Montpellier I, France.

Background and aims: Because insulin resistance is associated with an in-
creased risk of metabolic and cardiovascular morbidities, its identification in 
severe obese patients can argue in favour of bariatric surgery. The homeosta-
sis model assessment (HOMA-R) is often used to evaluate insulin resistance, 
although suffering from limitations due to the specificity of plasma insulin 
assays and impairments of insulin secretion in case of abnormal glucose 
tolerance. We investigated the correlation between the various isoforms of 
adiponectin (LMW, MMW, HMW), total adiponectin, leptin and parameters 
of insulin resistance in non diabetic severe obese patients in order to assess 
whether these proteins (or a combination) could represent valuable markers 
of insulin resistance.
Materials and methods: In this study, 112 severe obese subjects (41 men and 
71 women, BMI range: 33-87 kg/m2) with normal glucose tolerance were 
investigated as candidates for bariatric surgery. Blood glucose and plasma 
insulin assays allowed the calculation of HOMA-R value. The patients were 
considered as insulin sensitive when HOMA-R was < 2.6 (n=53) and insu-
lin resistant when HOMA-R was > 2.6 (n=59). The serum concentrations of 
each isoform of adiponectin and leptin were measured by ELISA (Daiichi 
Pure Chemicals, Tokyo, Japan; Alpco, Salem, United States, respectively). All 
statistical analyses were performed with the R software for statistical comput-
ing.
Results: Differential statistics using Wilcoxon test revealed clinical or bio-
chemical parameters able to discriminate between insulin resistant (IR) 
subjects and insulin sensitive (IS) subjects. The most significant parameters 
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were a) leptin/ HMW isoforms of adiponectin ratio (p=0.0001; Nfoldmedian 
(IR/IS subjects = 2.09)); b) leptin/total adiponectin ratio (p=0.0001; Nfold 
median (IR/IS subjects = 1.82)); c) HMW isoforms of adiponectin (p=0.0001; 
Nfold median (IS/ IR subjects = 1.82)). Analyses of univariate ROC curves 
showed that leptin/HMW ratio allowed a discrimination between IS and IR 
patients with a sensitivity of 74.6 and a specificity of 71.7 (Area under curve 
(AUC) = 0.775). Besides, AUCs were 0.746, 0.739 and 0.732 for leptin/total 
adiponectin ratio, HMW isoforms of adiponectin and BMI, respectively. Fi-
nally, analyses of multivariate ROC curves based on the association of clinical 
and biochemical parameters showed that the combination of BMI, adiponec-
tin HMW and leptin is the best method to discriminate between IR and IS 
subjects. Thus, we found an algorithm based on these three parameters allow-
ing a significant discrimination between IR and IS subjects, with 80% sensi-
tivity and 74% specificity (AUC = 0.803). Omission of leptin led to a slightly 
reduced AUC of 0.790, but sensitivity was increased to 85% while specificity 
remained at 70%.
Conclusion: Our data disclose the specific value of assessing circulating 
HMW isoforms of adiponectin in order to identify insulin resistance in non 
diabetic severe obese patients. The measurement of this parameter, combined 
to BMI in our algorithm, could represent a useful tool to further estimate 
the metabolic and cardiovascular risk of overweight patients; it should sup-
port the development of easier methods of specific assays to be extended in 
routine practice.

PS 34 Insulin sensitivity - animal 
studies
549
Opposing effects of ROCK1 deficiency in liver and adipose tissue on 
insulin action
D. Lee1,2, J. Shi3, L. Wei3, Y.-B. Kim1; 
1Beth Israel Deaconess Medical Center and Harvard Medical School, 
Boston, United States, 2Department of Medicine, Jeju National University 
College of Medicine, Republic of Korea, 3Indiana University, School of 
Medicine, Indianapolis, United States.

Background and aims: Rho-kinase (ROCK) isoforms have been shown 
to modulate insulin signaling and glucose metabolism. Deficiency of 
ROCK1 causes systemic insulin resistance by impairing insulin signaling 
in skeletal muscle. The current study was designed to further determine the 
mechanism(s) for insulin resistance induced by absence of ROCK1.
Materials and methods: Mice with global knock out of ROCK1 (ROCK1-/-)  

were injected with insulin (10U/kg) or saline and sacrificed 10 min later. 
Molecular parameters of insulin signaling in liver and adipose tissue were 
measured.
Results: Insulin-stimulated PI3K activity associated with IRS-2 was reduced 
~35% without any alteration in tyrosine phosphorylation of insulin receptor 
in liver of ROCK1-/- mice. ROCK1 deficiency also resulted in impaired insu-
lin action on Akt, S6K and S6 in liver. In addition, ROCK1-/- mice displayed 
dysregulation of liver glycogen metabolism, as evidenced by the decreased 
expression of glycogen synthase and the defective phosphorylation of GSK3. 
Despite the fact that ROCK1-/- mice are insulin-resistant, the ability of insulin 
to activate PI3K was dramatically enhanced in adipose tissue of ROCK1 defi-
cient mice compared with wild type mice. This increase corresponded closely 
with an elevation in IRS-1 tyrosine 612 phosphorylation, the binding site for 
the p85 subunit of PI3K, in ROCK1-/- mice. These effects are mainly due to 
increased insulin action at the level of insulin receptor. Insulin-stimulated 
phosphorylation of S6K and S6 in adipose tissue was unaltered by ROCK1 
deletion.
Conclusion: These data suggest, combined with our previous data on im-
paired insulin action in skeletal muscle, that defective IRS/PI3K signaling 
could contribute to the pathogenesis of insulin resistance caused by ROCK1 
deficiency. However, increased action of insulin in adipose tissue could not 
mask whole body insulin resistance.

550
RANKL affects insulin signalling in vascular smooth muscle cells
M. Olesen1,2, V. Skov2, T. Ledet3, L.M. Rasmussen2; 
1Physiology and Pharmacology, University of Southern Denmark, Odense, 
2Biochemistry, Pharmacology and Genetics, Odense University Hospital, 
3Laboratory for Biochemical Pathology, Aarhus University Hospital, 
Denmark.

Background and aims: Osteoprotegerin (OPG), a soluble decoy receptor for 
receptor activator of nuclear factor-κB ligand (RANKL), accumulates in the 
arterial wall in patients with diabetes. RANKL is almost absent in normal vas-
culature but is upregulated in atherosclerotic and calcified lesions. Insulin has 
been shown to affect OPG production and calcification of vascular smooth 
muscle cells. However, possible interactions between the OPG-RANKL sys-
tem and insulin have not previously been considered. The aim of the present 
study was to investigate the effects of RANKL and OPG on gene expressions 
in vascular smooth muscle cells, and particularly putative interactions with 
effects of insulin.
Materials and methods: Primary human vascular smooth muscle cells 
(HVSMCs) were used for global gene expression studies using Affymetrix 
microarrays. Three individual studies were performed: Study one: HVSMCs 
were treated with RANKL (six hours) or vehicle. Study two: Cells were treat-
ed with negative control or OPG siRNA for reduction of the OPG production 
(30 hours). Study three included four experimental groups: HVSMCs treated 
with RANKL (nine hours), insulin (three hours), RANKL (nine hours) and 
insulin (three hours), or vehicle.
Results: To investigate the effects of RANKL on gene expressions in HVSMCs, 
global pathway analysis was applied to study one. Surprisingly, it was found 
that RANKL downregulated the insulin signaling pathway. OPG knock down 
(study two) did not affect the insulin signaling pathway but upregulated the 
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electron transport chain and the ubiquinone biosynthesis pathway. Next, it 
was investigated whether the observed RANKL-mediated downregulation of 
the insulin signaling pathway attenuates insulin’s effects on HVSMCs (study 
three). It was found that insulin upregulated 52 genes in HVSMCs (P<0.05, 
FC >1.2). RANKL inhibited the insulin-mediated upregulation of 16 of the 52 
genes. RANKL itself did not downregulate the 16 genes. Therefore, the result 
showed that RANKL attenuates some of insulin’s effects in the arterial wall.
Conclusion: These data demonstrated that RANKL disturbs insulin signaling 
in HVSMCs. Since insulin upregulates genes through different pathways we 
suggest that RANKL only has an impact on one or some of these pathways. 
These results indicate that RANKL has an impact on insulin signaling in the 
arterial wall and this may be important in relation to the development of 
vascular calcifications, observed with a high frequency in patients with dia-
betes.
Supported by: NOVO Nordisk Foundation, Institute of Clinical Research, Uni-
versity of Southern Denmark

551
Palmitate affects insulin signalling in pancreatic alpha cells
S. Piro, E.T. Maniscalchi, A. Monello, G. Pandini, L.G. Mascali,  
A.M. Rabuazzo, F. Purrello; 
Department of Internal Medicine, University of Catania, Italy.

Background and aims: Under physiological conditions high glucose or insu-
lin levels inhibit glucagon secretion, but this regulation is altered in T2DM. 
Since insulin directly affects glucagon secretion by binding to specific re-
ceptors in alpha cells, an alteration in insulin receptor function or signaling 
could impair this regulatory effect. In this study we investigated the effects of 
chronic exposure to palmitate on insulin receptor (IR) phosphorylation and 
insulin signaling in pancreatic alpha cells.
Materials and methods: We cultured α-TC1 (a mouse glucagonoma cell 
line) with palmitate (0,5 mM) for 48 h. After chronic palmitate exposure, we 
acutely stimulated the cells with insulin (10-9 M) for different times (from 
1 to 20 minutes). At the end of insulin stimulation the IR downstream was 
investigated. In particular, we studied the insulin receptor phosphorylation 
(IR-P), the IRS-1 and IRS-2 phosphorylations and the expression of AKT.
Results: After 48 h of palmitate exposure, insulin (10-9 M for 5 minutes) 
determined an increase of whole IR-P/IGF-1R-P (654±5 AU) significantly 
higher than in control cells (227±2 AU, n=5, p<0.05). In contrast, the specific 
immunoprecipitation of IR and the subsequent blot with anti-phosphoty-
rosine showed a decrease of phosphorylation in palmitate groups (28±2 vs. 
229±5 AU in control cells, n=5, p<0.05). To investigate IRS-1 we measured 
its phosphorylation in Tyr-612 (the most active form). In cells cultured with 
palmitate we found a decrease of IRS-1-P (Tyr-612) (46 ± 4 AU vs 420 ± 2 AU 
in control cells; n=5, p<0.01). In addition, we found an increase of IRS-2-P in 
palmitate groups (102±2 AU in control cells vs 279±3 AU in palmitate cells, 
n=5, p<0.05). The AKT phosphorylation levels were also decreased in palmi-
tate groups (64 ± 3 AU vs 182 ± 6 AU in control cells; n=5, p<0.05).
Conclusion: In α-TC1, a mouse pancreatic alpha cell line, the chronic expo-
sure to palmitate affects the intracellular insulin pathway. In particular, the 
phosphorylation of IR and IRS-1 (Tyr-612) were impaired, thus suggesting 
that trough this mechanism FFA might induce insulin resistance in alpha 
cells. The increased IRS-2 phosphorylation might drive the insulin signals 
through the mitogenic pathway.

552
Post-natal diet-induced programming of insulin resistance in rats alters 
in vitro aortic reactivity
C. Sanchez1, S. Tanguy2, O. Georgelin1, V. Tassistro1, P. Obert2, M. Grino1, 
M.-C. Alessi1; 
1Inserm UMR626, Aix-Marseille University, 2Physiopathologie des 
adaptations cardiovasculaires à l’Exercice (EA 2426), Université d’Avignon, 
France.

Background and aims: Endothelial dysfunction, an independent predictor 
of cardiovascular events, is associated with the metabolic syndrome in part 
in relation with insulin resistance. We have shown that immediate postnatal 
overfeeding in rats, obtained by reducing the size of the litter, programs insu-
lin resistance and adipose tissue metabolism in adulthood. These alterations 
being further enhanced by high-fat diet. The purpose of the present study 
was to characterize in this experimental model the endothelial function in 
relation with the hemodynamic actions of insulin.

Materials and methods: We investigated, using a technique of isolated organ, 
the dynamic properties of thoracic aorta obtained from adult control (C) or 
postnatally programmed (P) rats subsequently fed low- (LF) or high-fat diet 
(HF). Organ were isolated, pretreated with 10-6 M epinephrine, and the va-
soreactivity to acetylcholine (Ach, 10-9-10-4 M), in the absence or presence to 
Nω-nitro-L-arginine methyl ester (a nitric oxyde synthase inhibitor, LNAME, 
100 μM) or Wortmannin (a PI3-kinase inhibitor, 50 μM) was determined. 
The effects of insulin alone or during Ach-induced relaxation with or without 
Wortmannin were also studied.
Results: P or HF induced insulin resistance, this effect being more marked 
when both paradigms were associated. Inhibition of nitric oxide synthase sig-
nificantly decreased ACh-induced relaxation, with lower potency in arteries 
from rats fed HF as compared to LF (P < 0.01). Aorta of PHF rats exhibited 
lower maximal relaxation to ACh and higher EC50 for ACh than did those of 
the other groups (P < 0.02). Inhibition of PI3-kinase reduced Ach-induced 
relaxation in C, but not in P animals (P < 0.03), whatever the diet, indicating 
the existence of a P-induced impairement of PI3-kinase. Insulin (0.035-35 
nM) alone was devoid of effect either under a basal state or after epinephrine-
induced vasoconstriction. Pre-incubation with insulin (150 nM) decreased 
ACh-induced aortic relaxation, this effect being less potent in P rats (P < 
0.005 vs C rats). Pre-incubation with Wortmannin did not affect the above 
mentioned inhibitory effect of insulin.
Conclusion: Whereas HF alone was ineffective, its association with post-
natal programming reduced the ACh-induced vasodilatation partly due to 
ineffective PI3-kinase pathway. Interestingly insulin reversed Ach-induced 
vasodilatation whatever the group, and this effect was not affected by PI3-ki-
nase inhibition. This indicates that adult rats exhibit an insulin resistant state 
with defective PI3-kinase pathway leading to a prominent vasoconstrictive 
effect of insulin. Surprisingly this vasoconstrictive effect was less pronounced 
in P rats suggesting the development of compensatory mechanism(s). The 
reduced effect of NO synthase blockade in high fat-fed animals is in favor of 
regimen-induced endothelium-independent alterations. The expression level 
and phosphorylation status of the various proteins involved in insulin and 
ACh pathways and smooth vascular cells function are currently investigated.

553
Glucosamine-induced endoplasmic reticulum stress causes insulin-
resistance in L6 skeletal muscle cells
C. Iadicicco1,2, G.A. Raciti1,2, L. Ulianich1,2, V. Vinci1,2, A. Coppola1,2,  
S. Petruolo1,2, F. Andreozzi3, P. Formisano1,2, F. Beguinot1,2, C. Miele1,2; 
1DBPCM, University of Naples “Federico II”, 2IEOS-CNR, Naples, Italy, 
3DMSC, University of Catanzaro “Magna Graecia”, Italy.

Background and aims: Endoplasmic reticulum (ER) stress might play an 
important role in the pathogenesis of insulin-resistance and Type 2 Diabetes. 
Hyperglycaemia (HG) causes insulin resistance and this process appears to be 
linked to ER stress. Glucosamine (GlcN), generated by the hexosamine path-
way (HP) during HG, also causes insulin resistance and disturbances similar 
to glucose toxicity. In this work, we sought to evaluate the role of HG- and 
GlcN- induced ER stress on the insulin-resistance in L6 skeletal muscle cells.
Materials and methods: L6 skeletal muscle cells were incubated either with 
10mM GlcN or with 0.5μM thapsigargin (Thap), a well known ER stressing 
agent, pretreated or not with either 10mM 4-Phenyl Butyric Acid (PBA) or 
5mM Tauroursodeoxycholic Acid (TUDCA) for 1 hour.
Results: In L6 cells, 24 hours incubation with either 25mM glucose (HG) or 
10mM GlcN, increased the mRNA levels of the ER stress marker BiP by 2- 
and 6-fold, respectively. Azaserine (20μM), an inhibitor of the HP, was able to 
prevent HG-induced ER stress, suggesting that HG effect on BiP was mainly 
due to the rate of glucose converted into GlcN through the HP. GlcN caused 
a 2-fold increase of ATF-6 mRNA (p < 0.001), a 3-fold increase of ATF-3 
mRNA levels (p < 0.001) and an increase of XBP-1 spliced form. Further-
more, GlcN significantly impaired insulin-induced 2-deoxy-D-[14C]-glucose 
(2DG) uptake. These effects were paralleled by a 70% decrease of both mRNA 
and protein levels of the insulin-sensitive glucose transporter GLUT4. Time-
course experiments showed that GLUT4 mRNA levels were reduced by 30% 
after 4 hours (p < 0.001), and by 70% after 8 hours (p < 0.001) of GlcN treat-
ment. GLUT4 regulation occurred, very likely, at the transcriptional level, 
as demonstrated by the decrease of the mRNA levels of the two transcrip-
tion factors known to regulate its expression, MEF2A and PGC1. Moreover, 
the reduction of MEF2A and PGC1 mRNA observed upon GlcN treatment 
was paralleled by a 50% and a 45% decrease in their binding to GLUT4 pro-
moter respectively . Interestingly, the use of the chemical chaperones PBA 
and TUDCA, known to alleviate ER stress, prevented both BiP induction and 
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GLUT4 downregulation. As for GLUT4, also MEF2A and PGC1 mRNA levels 
did not show any appreciable variation when L6 cells were treated with GlcN 
in the presence of PBA or TUDCA. Furthermore, PBA or TUDCA pre-treat-
ment restored insulin-induced 2DG uptake in L6 cells treated with GlcN to 
levels comparable to those measured in L6 control cells. To understand the 
molecular mechanism involved in the transcriptional inhibition of GLUT4 
induced by ER stress, we analyzed the expression of the inhibitory transcrip-
tion factor SHP that is induced upon stress conditions. SHP expression was 
increased by 2-fold upon GlcN treatment suggesting that it could be involved 
in GLUT4 regulation.
Conclusion: In L6 skeletal muscle cells GlcN induces insulin resistance by 
inhibiting insulin-stimulated glucose uptake and by decreasing GLUT4 ex-
pression through ER stress activation.
Supported by: an EFSD/GSK grant

554
Leptin infusion in lateral ventricle enhances the insulin sensitivity in 
hypothalamus and liver despite the induction of PTP1B
F. Berthou1, C. Rouch2, A. Gertler3, K. Gerozissis1, M. Taouis1; 
1UMR 1197 - INRA / Université Paris Sud 11, Orsay, 2UMR 7059 CNRS-
Université Paris 7, France, 3The Institute of Biochemistry, Food Science, and 
Nutrition, Rehovot, Israel.

Background and aims: Leptin and insulin increase energy expenditure and 
reduce food intake by act on the hypothalamic arcuate nucleus. However, a 
leptin resistance state has been described in obese humans as mirrored by an 
increase of appetite, a reduced energy expenditure and high leptin plasma 
levels. Leptin resistance is frequently associated to other metabolic diseases 
such as type 2 diabetes characterized by an insulin-resistance. The molecular 
mechanisms underlying the onset of the two resistances at the central level 
are still misunderstood. Recently in rat hypothalamus, we have shown that 
leptin is able to induce the expression of phosphotyrosine phosphatase 1B 
(PTP1B), which plays a crucial role in leptin and insulin signalling by de-
phosphorylation of JAK-2 (Janus kinase) and insulin receptor. The present 
study aims to investigate the consequences of a chronic central overexposure 
to leptin on the PTP1B expression and on insulin sensitivity in hypothalamus 
and liver.
Materials and methods: Adult male Wistar rats were stereotaxicaly implant-
ed in lateral ventricle with Alzet osmotic pumps and received for 2 weeks 
saline or leptin (0, 25 µg/µl). At the end of the infusion, animals were treated 
with saline or insulin (1U/kg/rat) by intraperitoneal (IP) injection, 30 min-
utes before euthanasia. Hypothalamus and liver were removed and solubilised 
proteins were subjected to Western-blots analysis using adequate antibodies.
Results: A 2-weeks central leptin infusion increases significantly the basal 
STAT-3 phosphorylation (+250%) but not MAPK in hypothalamus. In con-
trols rats, insulin treatment is not able to activate insulin signalling path-
ways in the hypothalamus but interestingly and despite PTP1B induction, 
leptin infusion potentiates insulin action on the phosphorylation of STAT-3 
(+450%), and MAPK (+180%). In liver of leptin-infused rats, the insulin-
dependent phosphorylation of Akt was also strongly potentiated (+300%) as 
compared to control rats (+200%). This increase of insulin sensitivity could 
be attributed to the overexpression of IR and/or to the leptin-dependent 
decrease of potential negative regulators of insulin signaling such as serine 
phosphorylated IRS1/2.
Conclusion: A chronic central leptin infusion for 14 days induces the hy-
pothalamic PTP1B expression which was unable to alter insulin action. This 
chronic leptin treatment seems to potentiate the insulin action at both hy-
pothalamic and hepatic levels. This suggests that during early stage of leptin-
resistance onset and despite PTP1B increase, insulin signaling pathways are 
not yet impaired and probably leptin-resistance will lead to insulin-resistance 
later when the leptin resistance will be clearly established with weight gain 
and increased food intake.

555
Postprandial glucose disposal is subject to hepatic parasympathetic 
control
A.B. Fernandes1, P.A. Videira2, N. Bonito1, R.S. Patarrao1,3, R.A. Afonso1,3, 
M.P. Macedo1,4; 
1Physiology, Faculty of Medical Sciences, 2Imunology, Faculty of Medical 
Sciences, 3Biochemistry, Faculty of Medical Sciences, 4Associação Protectora 
dos Diabeticos de Portugal (APDP), Lisbon, Portugal.

Background and aims: In the last few years it has emerged a new post pran-
dial mechanism suggesting that besides insulin from the pancreas, the liver 
produces a humoral factor known as Hepatic Insulin Sensitizing Substance 
- HISS, which doubles total glucose uptake. The major site of action for this 
factor is still unknown, but it was observed that changes in response to insu-
lin before and after parasympathetic denervation resulted in unaltered effect 
of insulin on net glucose balance across the hepatic and splanchnic region. 
However, significant changes were observed in hindlimb responses. These 
results highlighted the importance of a new study to evaluate the specific site 
of action of HISS, which is the aim of this work. Our hypothesis is that HISS 
acts selectively at the skeletal muscle.
Material and methods: Male fed Sprague-Dawley rats (9weeks-old) were 
used. To measure insulin sensitivity the Rapid Insulin sensitivity Test (RIST) 
was used. The RIST is an euglyceamic clamp that quantifies the glucose in-
fused after an insulin bolus (50mU/kg, 5 min). The rate of glucose infusion 
is adjusted in order to maintain euglycemia and it is the parameter used to 
evaluate insulin sensitivity/resistance. This study was carried out in the pres-
ence and absence of HISS (denervated vs non-denervated animals). Insulin 
sensitivity was determined before and after each intervention (denervation 
or sham), using the RIST. The plasma [3H]2-deoxy-glucose ([3H]2DG) rate 
of disappearance was also quantified during the RIST and incorporation of 
[3H]2DG uptake into the following individual tissues was measured: skel-
etal muscle (gastrocnemius, extensor digitorium longus (EDL) and soleus), 
liver, adipose tissue, heart and kidney. For this purpose, a bolus of 250µCi/kg 
[3H]2DG was injected at t=9 min of the second RIST.
Results: In the non-denervated group, the first RIST was 228.9±15.3 mg 
glucose/kg and the second RIST was 221.2±12.3mg glucose/kg (n=5). In the 
denervated group the control RIST (before denervation) was 251.6±27.5 and 
after the denervation process (after blocking the HISS pathway) the RIST 
decreased to 153.5±12.3 (p<0.01, n=6). The denervated animals showed a 
decreased rate of plasma [3H]2DG disappearance, and when we evaluated 
the tissues we observed that the skeletal muscle, specifically the soleus and 
the EDL, were affected by 35% (p<0.05) and 48% (p<0.01), respectively, in 
the denervated group. The cardiomyocytes also were affected in the dener-
vated group, in this case the decrease was 46% (p<0.05) when compared to 
the sham group.
Conclusion: When we block the HISS pathway, there is a significant decrease 
in insulin action (observed by the RIST Indexes). In the in vivo incorporation 
of [3H]2DG uptake into individual tissues we observed that the tissues that 
were affected by the HISS manipulation was the skeletal muscle, mainly the 
soleus and the EDL muscles and the cardiomyocytes. These observations sug-
gest that when the hepatic parasympathetic nerves are compromised glucose 
uptake is only decreased in the skeletal muscle and cardiomyocytes.
Supported by: Portuguese Foundation for Science and Technology (Grant 
POCI/SAU-OBS/56716/2004 and fellowship SFRH/29693/2006)

556
Knockdown of CHOP, an inducer of cellular apoptosis upon excessive 
endoplasmic reticulum stress, in liver ameliorates insulin resistance and 
glucose homeostasis in mice model of type 2 diabetes
T. Kondo1, H. Adachi1, R. Ogawa2, K. Sasaki1, K. Tsuruzoe1, N. Furukawa1, 
H. Motoshima1, M. Sakakida2, E. Araki1; 
1Metabolic Medicine, Kumamoto University, 2Environmental & Symbiotic 
Sciences, Prefectural University of Kumamoto, Japan.

Background and aims: Transcription factor CHOP (C/EBP homologous 
protein), is known as a strong inducer of cellular apoptosis in response to 
excessive endoplasmic reticulum (ER) stress. CHOP is also associated with 
pancreatic β-cell apoptosis and insulin secretory dysfunction in diabetic con-
dition. CHOP is specifically induced upon severe ER stress, when cells can 
no longer adapt to survive using unfolded protein response pathways, and 
contribute to cell death to eliminate dysfunctioning ones. However, it is yet 
known the function of CHOP in insulin resistance, especially in liver.
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Materials and methods: We utilized younger age db/db (BKS.Cg-m +/+ 
Leprdb/J; 5w old~) mice to determine the impact of CHOP on insulin re-
sistance. CHOP expression was down-regulated by CHOP siRNA expression 
plasmid which was delivered using in vivo jetPEI intraperitoneally. Injection 
of CHOP siRNA and control siRNA were performed once a week from 5 to 
15 weeks old mice.
Results: The followings were observed in CHOP siRNA treated group (Con-
trol v.s. CHOP siRNA group).
1) Suppression of body weight increments (43.2g v.s. 39.1g at 10 weeks old, 
p< 0.05),
2) Reduction of fasting and random fed glucose levels (Fasting: 644 mg/dL 
v.s. 309 mg/dL at 15 weeks old, p< 0.05; Random fed: 721 mg/dL v.s. 505 
mg/dL at 13 weeks old, p< 0.05),
3) Comparable fasting insulin levels (8.2 ng/mL v.s. 9.4 ng/mL at 11 weeks 
old),
4) Significant reduction of HOMA-IR (13.03 v.s. 7.17, p< 0.05),
5) Improvement of glucose tolerance upon GTT and insulin resistance upon 
ITT,
6) Suppression of glucose elevation upon pyruvate loading test,
7) Strong suppression of CHOP induction in liver by 95%,
8) Attenuation of ER stress marker, Bip expression in liver,
9) No significant alteration of CHOP expression in muscle and pancreatic 
islets.
These observations suggest that CHOP silencing in liver is associated with 
amelioration of insulin resistance and glucose homeostasis in vivo. It is 
known that CHOP activates interleulin (IL)-1β via caspase-11 induction. 
Systemic administration of IL-1 β can cause insulin resistance.
Conclusion: CHOP may have a significant role in deterioration of insulin 
resistance by the induction of inflammatory signals in db/db mice.
Supported by: The Ministry of Education, Science, Sports and Culture of Japan

557
Regulatory role of mouse SIRT5 in metabolism
M. Ogura, Y. Nakamura, D. Tanaka, Z. Xiaotong, Y. Fujita, A. Obara,  
A. Abudukadier, A. Hamasaki, M. Hosokawa, N. Inagaki; 
Diabetes and Clinical Nutrition, Kyoto University Graduate School, Japan.

Background and aims: The nuclear protein SIR2, an NAD dependent 
deacetylase, is known to be involved in life span extension in yeast. In mam-
malian, there are seven SIR2 homologues, SIRT1-7. SIRT1 is localized in nu-
cleus and regulates the activity of critical transcriptional regulators of metab-
olism, including FOXO1 and PGC1α. SIRT3, SIRT4 and SIRT5 are localized 
in mitochondria. SIRT3 deacetylates and regulates acetyl CoA synthetase 2. 
SIRT4 ADP-ribosylates glutamate dehydrogenase and inhibits its activity in 
pancreatic beta-cells. However, the function of SIRT5 is still unknown. In 
this study, to understand the function of SIRT5 in metabolism, we examined 
the expression level of SIRT5 in different nutrient status, and determined the 
molecules which are regulated by SIRT5 protein.
Materials and methods: Eleven-week-old C57/BL6 mice were fed ad libium, 
fasted for 24 hours, and re-fed for 24 hours, sequentially. Total RNA was ex-
tracted from various organs including liver. SIRT5 mRNA level was deter-
mined by qutantitive RT-PCR. SIRT5-overexpressing transgenic (SIRT5 Tg) 
mice were generated, in which mouse SIRT5 cDNA fused with FLAG tag was 
expressed by CAG promoter. Overexpression of SIRT5 protein was confirmed 
by western blotting with anti-FLAG antibody. The liver mitochondrial pro-
tein samples from the SIRT5 Tg mice and the littermates were applied for iso-
electric electrophoresis, and then separated by SDS-PAGE. The obtained gels 
were stained with SYPRO Ruby strain kit, and the images were captured with 
a laser scanner. Then the protein whose position was altered between SIRT5 
Tg mice and the littermates was identified using MALDI-TOF-MASS.
Results: SIRT5 mRNA level was increased in liver at fasting condition and 
decreased at re-feeding up to ad libium condition. We established two in-
dependent SIRT5 Tg mouse lines on the C57BL/6 inbred background. The 
SIRT5 Tg mice of both sexes were normally fertile and showed normal ap-
pearance. No histological abnormalities were observed in light microscopic 
analysis in all organs examined. Two-dimension electrophoresis of liver mi-
tochondrial protein was performed and the protein whose position was al-
tered was identified using MALDI-TOF-MASS. The protein is known to be 
an acetylated enzyme which is involved in metabolism, and its activity was 
increased in liver of the SIRT5 Tg mice.
Conclusion: SIRT5 may be involved in the regulation of metabolism by mod-
ulating the activity of liver enzyme through deacetylaion.

558
S-nitrosothiols as insulin resistance reversers
M.P. Macedo1,2, N. Bonito1, A.B. Fernandes1; 
1Physiology, Faculty of Medical Sciences, 2Associação Protectora dos 
Diabeticos de Portugal (APDP), Lisbon, Portugal.

Background and aims: Hepatic parasympathetic nerves mediate peripheral 
insulin action. In the post prandial state the hepatic parasympathetic nerves 
(HPN) are activated leading to an increase in glucose uptake by insulin ac-
tion. This HPN activation seems to occur through a new mechanism to which 
optimal levels of hepatic glutathione (GSH) and nitric oxide (NO) are es-
sential.
Prandial stages are related to different insulin sensitivities. In the fasted state 
the response to an insulin bolus is decreased when compared to the response 
of the same insulin bolus in the fed state. Administration of S-nitrosothiols 
to fasted animals increased the response of an insulin bolus to similar val-
ues as observed in the fed state. Our aim was assess the effect of RSNOs in 
the insulin action dependency on the HPN pathway. Our hypothesis is that 
blockade of the hepatic parasympathetic nerves leads to an insulin resistance 
state, which is reversed by RSNOs administration.
Material and methods: Male Wistar rats (9 weeks-old) were used. Insulin 
action was measured by the Rapid Insulin Sensitivity Test (RIST). The RIST 
is an euglycemic clamp that quantifies the amount of glucose necessary to 
infuse after an insulin bolus (50mU/kg over 5 min). The quantity of glucose 
infused to maintain the euglycemia is refered as the RIST Index and is the 
parameter used to evaluate insulin sensitivity/resistance. The animals were 
fasted for 22h and refed for 2h. Three RISTs were done. In the first test, insulin 
sensitivity was measured in the post prandial state. In a second RIST, insulin 
sensitivity was evaluated after denervation of the hepatic parasympathetic 
nerves. The third RIST was done after the administration of a nitrosothiol, 
the S-nitroso-N-acetylpenicillamine (SNAP). The SNAP was administered 
intravenously in a dose that was shown previously to be effective in fasted 
animals (15 mg/kg).
Results: The control RIST Index was 265.3±15.8 mg glucose/kg. After the 
ablation of the hepatic nerves the RIST Index decreased to 153.9±16.1 mg 
glucose/kg (p<0.01). This decrease was reversed by the administration of 
SNAP to values similar to the ones observed in the control RIST, 274.3±24.2 
mg glucose/kg (p<0.01).
Conclusion: In this study it was observed the involvement of the hepatic 
parasympathetic nerves in insulin action. Moreover the insulin resistance 
observed with surgical denervation of the HPN was totally reversed by the 
administration of RSNOs. This observation suggests RSNOs as potential 
tools to treat dysfunctions related to insulin resistance.
Supported by: Foundation for Science and Technology (FCT) grant POCI/SAU-
OBS/56716/2004; FCT PhD fellowship (SFRH/BD/29693/2006)
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Preserved inhibitory potency of glucagon-like peptide-1 on glucagon 
secretion in type 2 diabetes mellitus
K.J. Hare1,2, F.K. Knop1, M. Asmar2, S. Madsbad3, C.F. Deacon2, J.J. Holst2, 
T. Vilsbøll1; 
1Department of Internal Medicin F, Gentofte Hospital, Hellerup, 
2Department of Biomedical Sciences, University of Copenhagen, 
3Department of Endocrinology, Hvidovre Hospital, Denmark.

Background and aims: The incretin glucagon-like peptide-1 (GLP-1) stimu-
lates insulin secretion and inhibits glucagon release from pancreatic alpha 
cells. A dose-response relationship for GLP-1’s insulinotropic properties has 
been established; whereas the effect on alpha cells remains less well described. 
We investigated the dose-response relationship for GLP-1-induced glucagon 
suppression in healthy subjects and in patients with type 2 diabetes mellitus 
(T2DM) during hyperglycaemia and after normalization of plasma glucose 
(PG) levels.
Materials and methods: Ten patients with T2DM (duration of DM: 4±1 
years; HbA1c: 7.1±0.3%; fasting plasma glucose (FPG): 10.3±1 mM; BMI: 
31±1.1 kg/m2) were studied on 2 separate days, after 1 week wash-out of oral 
antidiabetic drugs, with stepwise increasing GLP-1 infusions (0.25, 0.5, 1.0 
and 2.0 pmol/kg/min-each infusion was maintained for 45 minutes) (Day 1) 
or saline infusion (Day 2) with PG clamped at fasting level. On a Day 3 PG 
was normalized over-night (FPGt=-30: 5.9±0.3 mM) using a variable intrave-
nous insulin infusion. The insulin infusion was stopped 30 minutes before 
initiation of a stepwise GLP-1 infusion (FPGt=0 6.7±0.2 mM) as on Day 1. Ten 
matched glucose tolerant subjects were examined with the same protocol as 
the patients with T2DM on Day 1 and 2 including clamping at FPG levels.
Results: We observed a dose-dependent stepwise suppression of glucagon 
secretion in both patients and control subjects. Significant suppression was 
observed at a infusion rate resulting in physiologic GLP-1 plasma levels (0.25 
pmol/kg/min) as early as time 15 minutes in control subjects and time 30 
minutes in patients with T2DM (Day 1 and Day 3). Area under the curve 
(AUC) for glucagon during the 3-hour GLP-1 infusion was significantly re-
duced on Day 1 and Day 3 (1096±109 and 1116±108 pmol/l·3h; P=NS) as 
compared to Day 2 (1733±193 pmol/l·3h; P<0.01) in the patients. A similar 
reduction in AUC was observed in control subjects 1122±186 pmol/l·3h (Day 
1) vs. 1733±312 pmol/l·3h (Day 2) (P<0.001).
Conclusion: We conclude that the alpha cells in patients with T2DM appear 
to be fully sensitive to the inhibitory action of GLP-1 both during high and 
near-normalized PG levels, but respond with a significant delay compared to 
glucose tolerant control subjects.
Supported by: Novo Nordic Foundation, Danish Diabetes Association

560
Hepatic knockdown of glucagon receptor via siRNA improves glucose 
homeostasis in mice
T. Akiyama1, E. Asante-Appiah2, S. Bartz3, J.P. Berger1, G.J. Eiermann1,  
C. Li1, X. Li1, Q. Shao1, N. Sharma1, M. Shin1, W. Strapps3, M. Trujillo1,  
C. Wang1, B.B. Zhang1; 
1Merck Research Laboratories, Rahway, United States, 2Merck Research 
Laboratories, Kirkland, Canada, 3Merck Research Laboratories, San 
Francisco, United States.

Glucagon is an important counter-regulatory hormone of insulin that plays 
a key role in the maintenance of glucose homeostasis by stimulating glycog-
enolysis and gluconeogenesis in liver. The physiological effects of glucagon 
are mediated by the glucagon receptor (GCGR), a G-protein coupled receptor 
predominantly located on the plasma membranes of hepatocytes. Pharmaco-
logical and genetic interventions to suppress glucagon receptor signaling have 
been reported to reverse hyperglycemia in animal models. Here, we examine 
the extent to which siRNA lipid nanoparticle (LNP)-mediated knockdown 
(KD) of Gcgr in the livers of high fat diet-fed C57BL/6N (DIO) and db/db 
mice results in an improvement in glucose control. Intravenous (IV) admin-
istration of GCGR siRNA LNP at a dosage of 3 mg/kg resulted in a 65% KD of 
Gcgr expression in the livers of DIO mice 4 days post-injection, concomitant 
with 1) significant reductions in ambient and fasted glucose levels, 2) ~2-
fold increases in circulating glucagon, 3) improved oral glucose tolerance, 

and 4) diminished hyperglycemic response to glucagon. In db/db mice, two 
independent Gcgr siRNA oligos also achieved significant hepatic KD of Gcgr 
(~65% versus control siRNA LNP) 4 days following an IV injection at a dos-
age of 3 mg/kg, accompanied by a 75-80% normalization of ambient glucose 
levels relative to lean controls with no effect on plasma insulin levels (glucose 
levels were 480.4 +/- 23.0 mg/dl in the control group and 271.0 +/- 18.0 mg/dl 
or 286.7 +/- 13.0 mg/dl for each of the two GCGR siRNA treatment groups). 
Elevations in circulating levels of glucagon (3.7-fold) and total GLP-1 (1.9 to 
2.3-fold) were also observed, consistent with a 5-fold elevation in the mRNA 
levels of preproglucagon in islets. Together, these data confirm that the attenu-
ation of glucagon signaling improves glucose homeostasis in diabetic mouse 
models. Importantly, the use of siRNA provides an alternative modality and a 
powerful tool to interrogate the role of hepatic pathways in glucose control.

561
Role of glucagon receptor in energy metabolism and body weight 
regulation
J. Mu1, K. Lu1, Z. Li1, C. Li1, M.J. Charron2, B.B. Zhang1; 
1Metabolic Disorders, Merck Research Laboratories, Rahway, 2Albert 
Einstein College of Medicine, Bronx, United States.

Glucagon, the counter-regulatory hormone of insulin, plays a key role in 
maintaining glucose homeostasis. In contrast to its role in glycemic con-
trol, the relevance of glucagon receptor (GCGR) in the regulation of body 
weight is less clear. Our recent studies of GCGR knockout (KO) mice dem-
onstrated GCGR deletion improves metabolic control by multiple mecha-
nisms, including inhibition of hepatic glucose output as well as elevation of 
GLP-1 and FGF21 in circulation. These findings suggest that GCGR signal-
ing is also important for the control of adiposity and insulin sensitivity. To 
further investigate its role in energy metabolism, GCGR homozygous (KO) 
and heterozygous mutant mice of both sexes were evaluated for changes in 
their metabolic phenotype while the mice were maintained on a chow diet 
or a high fat diet (HFD). As reported previously, male KO mice on chow diet 
were slightly leaner but maintained similar body weight as wild type (WT) 
littermates. These KO mice showed a partial resistance to diet induced obes-
ity (DIO). In comparison with their male counterpart, the female KO mice 
exhibited a lean phenotype to a greater degree. When fed a chow diet, fe-
male KO mice displayed significantly increased body weight than their WT 
littermates (27.5±0.7 vs. 24.5±0.6 g, week 21 of age), largely due to a >10% 
increase of lean mass. On HFD, female KO mice were completely resistant 
to DIO during the study period (5-28 weeks of age). Reduced body weight 
gain in KO mice under HFD was solely due to a decrease of body fat content 
(lean mass 23.6±0.9 vs. 25.0±1.0 g, p=0.15; fat mass 3.4±0.8 vs. 29.7±1.4 g, 
p<0.001; week 28, KO vs. WT, n=16). Accompanying reduced adiposity un-
der HFD, ambient glucose levels, plasma and liver triglyceride contents were 
significantly decreased in KO mice of both sexes. These correlated well with 
enhanced glucose tolerance and insulin sensitivity seen in KO mice. In con-
trast to complete GCGR deletion, heterozygous mice of both sexes were non-
distinguishable from their WT littermates with respect to body weight and 
metabolic parameters. In summary, these results demonstrate that GCGR 
plays a critical role in body weight regulation in rodents, which is more ap-
parent in female mice.

562
Dual effects of low and high concentrations of cAMP on glucagon 
secretion from mouse pancreatic A-cells
L. Eliasson1, Y.Z. De Marinis1, R. Ramracheya2, A. Salehi1, E. Zhang1,  
P. Rorsman2; 
1Dept. of Clinical Sciences, Lund University, Malmö, Sweden, 2OCDEM, 
Oxford University, United Kingdom.

Background and aim: Hyperglycemia is a result from a combination of im-
paired insulin secretion and insulin resistance at the target tissue. In addition 
it is associated with oversecretion of glucagon. Normally glucagon is secreted 
from the pancreatic alpha-cells (A-cells) in response to low glucose levels and 
it is under neuronal and hormonal control by agonists such as adrenaline, 
GIP and GLP-1. They all increase the cAMP-concentration of the A-cell, but 
still GLP-1 inhibits and adrenaline and GIP stimulates glucagon secretion. 
The aim of this study is to investigate the cellular mechanisms behind cAMP-
dependent inhibition and stimulation within the pancreatic A-cells.
Material and methods: Glucagon secretion was measured on freshly isolated 
mouse islets and analyzed using radioimmunoassay (RIA). The electrical 
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properties of the A-cells such as ion channel currents and electrical activity 
was measured on single A-cells using the perforated patch configuration of 
the patch clamp technique.
Results: First we confirmed that glucagon secretion stimulated at 1 mM 
glucose (10±0.5 pg/islet/h, n=38) is inhibited by GLP-1 (6±0.6 pg/islet/h; 
P<0.0001; n=16) and stimulated by adrenaline (34±7 pg/islet/h; p=0.0001; 
n=10). The inhibitory action of GLP-1 was almost totally reversed in the pres-
ence of the PKA-inhibitor 8-Br-Rp-cAMPS (11±1 pg/islet/h; P< 0.0001 vs 
GLP-1 alone; n=8) and the stimulatory effect of adrenaline was partially an-
tagonist by Rp-cAMPS (19±2 pg/islet/h; P<0.05 vs adrenaline alone; n=10). 
The observed effects by GLP-1 and adrenaline on glucagon secretion could 
be mimicked by low (1-10 nM) and high (10 µM) concentrations of forsko-
lin. Likewise Rp-cAMPS counteracted the inhibitory effect of 3 nM forskolin 
(P<0.01; n=6-11) and did not reduce (n=8-10) the potentiating effect of 10 
µM forskolin. Measuring the cAMP concentration ([cAMP]) in presence of 
different concentrations of forskolin revealed that 1 nM forskolin increased 
[cAMP] to 7±1 fmol/islet compared to 91±8 fmol/islet in the presence 10 µM 
forskolin. Together these data suggests that low [cAMP] is responsible for the 
inhibitory action on glucagon secretion and the high [cAMP] for the potenti-
ating effect. Interestingly, there exist two isoforms of PKA, PKAI and PKAII, 
where PKAI have been demonstrated to be activated at a lower [cAMP] than 
PKAII. Using immunocytochemistry we could demonstrate the presence of 
both these PKA-isoforms in A-cells. Patch-clamp experiments on single A-
cells revealed that the PKA-dependent suppressive action of GLP-1 on glu-
cagon secretion act through inhibition of the N-type Ca2+-currents (P<0.001; 
n=7) and reduced electrical activity (P<0.01; n=4).
Conclusion: We conclude that GLP-1 and adrenaline increase [cAMP] inside 
the A-cell to a low and high level, respectively. We further suggest that 1) 
low concentrations of cAMP activates PKAI leading to inhibition of N-type 
Ca2+-currents and electrical activity and 2) high [cAMP] activate PKAII and 
PKA-independently the cAMP-binding protein Epac2 resulting in amplifica-
tion of glucagon secretion.
Supported by: Crafoord foundation, Swedish Research Council

563
Glucose inhibits glucagon secretion from mouse pancreatic islets 
independently from insulin release and by mechanisms that are distinct 
from those elicited by KATP channel modulators
R. Cheng-Xue, M.A. Ravier, P. Gilon; 
Université Catholique de Louvain, Brussels, Belgium.

Background and aims: Glucagon secretion by pancreatic α-cells is normally 
inhibited by hyperglycemia and stimulated by hypoglycemia. The mecha-
nisms by which glucose (G) inhibits glucagon secretion are still unclear. In 
particular, it is unknown if G influences glucagon secretion by modulating 
KATP channels as in β-cells and if a β-cell derived factor is responsible for 
the G-induced inhibition of glucagon secretion. These questions were studied 
here.
Materials and methods: NMRI mouse islets were isolated by collagenase di-
gestion of the pancreas and cultured overnight in RPMI 1640 medium con-
taining 7 mM G. Glucagon and insulin secretion from islets were measured 
in perifusion experiments. A 5 mM mixture of amino-acids (1 mM alanine, 
1 mM leucine, 1.5 mM glutamine and 1.5 mM lysin) was added to all perifu-
sion media to better mimic the physiological conditions and have a detectable 
glucagon secretion. Because glucagon secretion is Ca2+-dependent, the free 
cytosolic Ca2+ concentration ([Ca2+]c) of α-cells was also measured in some 
experiments by using a Ca2+-sensitive probe (D3cpv) specifically targeted to 
α-cells within islets.
Results: Increasing stepwise the glucose (G) concentration of the perifusion 
medium from 0 to 20 mM (2, 5, 7, 10, 15, 20 mM) showed that inhibition of 
glucagon secretion was already of large amplitude at G2 (64%), and maxi-
mal at G7 (69%), whereas stimulation of insulin secretion started at G5. A 
high concentration of the KATP channel opener diazoxide (250 µM) decreased 
glucagon secretion without affecting insulin release during perifusion with 
G0, whereas it did not affect glucagon secretion but decreased insulin release 
during perifusion with G7. By contrast, a high concentration of the KATP 
channel blocker tolbutamide (500 µM) stimulated glucagon secretion during 
perifusion with G7 and did not affect it in G0, whereas it strongly stimulated 
insulin secretion at both [G]. Low concentrations of diazoxide (5µM) and 
tolbutamide (2µM) did not affect glucagon and insulin secretion, except for a 
small stimulation of insulin release by tolbutamide at G7. To test if G inhibits 
glucagon secretion by decreasing the efficacy of [Ca2+]c on exocytosis, the ef-
fect of G was tested during perifusion with a medium containing 30 mM K+ 

and 250 µM diazoxide, a condition where α- and β-cell [Ca2+]c, and glucagon 
and insulin secretion were steadily elevated. Under this condition, increasing 
the [G] from 0 to 7 mM did neither affect α-cell [Ca2+]c nor glucagon release 
whereas it strongly stimulated insulin release by the well documented ampli-
fying pathway of G-induced insulin secretion.
Conclusions: The lack of association between inhibition of glucagon secre-
tion and stimulation of insulin secretion under various experimental condi-
tions refutes the proposal that insulin or a β-cell derived factor coreleased 
with insulin is the paracrine factor responsible for G-induced inhibition of 
glucagon secretion. The distinct effects of G and KATP channel modulators 
on glucagon and insulin secretion suggest that G does not inhibit glucagon 
secretion by modulating KATP channels in α-cells as in β-cells. The lack of 
effect of G on glucagon secretion when α-cell [Ca2+]c was steadily elevated 
demonstrates that G does not inhibit glucagon secretion by decreasing the 
efficacy of Ca2+ on exocytosis.
Supported by: JDRF

564
In situ α-cell electrophysiological characterizations using a novel whole 
pancreas tissue slice approach
Y.-C. Huang1, M. Rupnik2, H.Y. Gaisano1; 
1Medical Science, University of Toronto, Canada, 2Faculty of Medicine, 
University of Maribor, Slovenia.

Background and aims: The mechanism underlying glucagon secretion re-
mains elusive. Despite a recent surge in α-cell studies, large body of reports 
have been conflicting because selected α-cell populations or properties could 
have been inadvertently induced or selected during the conventional islet iso-
lation procedures. An assay specifically designed to overcome these technical 
limitations is therefore urgently required to reveal insights into α-cell biology 
and to provide therapeutic targets for treatment of type 1& 2 diabetes.
Material and methods: A novel pancreas slice preparation was developed to 
surmount enzymatic and mechanical perturbations inherent in conventional 
islet cell isolation procedures. Mice pancreata were agarose gel-infused and 
sectioned into slices, wherein intact islets were embedded. Intra-islet cellular 
communication and islet architecture can be well-preserved and α-cells with-
in slices are easily reachable by a patch pipette. Along with standard patch 
clamp techniques, we developed electrophysiological protocols to rapidly dis-
tinguish α-cells, thereby, enabling large sampling and unbiased examination 
of high quality α-cells.
Results: Mouse α-cells in slices revealed classical features including readily-
activated A-type IK, voltage-gated INa, small size (~4 pF), low resting mem-
brane conductance (<0.5nS), and inducible low/high voltage-activated ICa at 
-80mV. ICa influx correlated with glucagon exocytosis as either train of de-
polarization (train) or UV photo-release of intracellular-loaded caged-Ca2+ 
stimulated Cm increase. N-type Ca2+ channels modulated α-cell secretion pre-
dominantly because ω-conotoxin GVIA (GVIA) pre-treated α-cells revealed 
diminished Cm increase in response to a train. Consistently, GVIA-sensitive 
ICa became significantly reduced after applying a train to α-cells without pre-
treatment, which also likely suggests cycling of N-type Ca2+ channels on the 
membrane from active to inactive states or between insertion and internaliza-
tion. We frequently encountered widely-deviated α-cell parameters, including 
INa amplitude (100-900pA), amount of KATP conductance (0-22 nS), specific 
subtypes of ICa in different α-cells, and multiple phases of train-induced Cm 
change (endo-, no change and exocytosis) in a pool of α-cells. Furthermore, 
some of these parameters displayed a bell-shaped distribution along with a 
“window” of maximal activity. More remarkably, when applying multiple 
trains on individual α-cells at different time points, Cm changes revealed an 
oscillatory pattern of glucagon secretion.
Conclusion: α-cell ion channel properties examined in slices were largely con-
sistent with previous reports, validating the feasibility of using pancreas slice 
approach to specifically investigate α-cells. The pattern of wide-range data 
distribution, cycling of ion channel activities, multiple secretory responses 
(endo-, no change and exocytosis) within a pool of α-cells, and windows of 
maximal channel activities within a bell-shaped curve led us to postulate that 
these properties collectively contribute to the waveform-like oscillatory pat-
tern of glucagon release observed in α-cells. Within this secretory pattern, glu-
cagon secretes maximally when KATP, Na+, Ca2+ channels reached their optimal 
“window” of activities (at the peak of a wave cycle). Outside this window, at 
the upstroke or downstroke of the wave, glucagon secretion declines.
Supported by: CDA, JDRF, AD-FUTURA ARRS(J3-7618-2334)
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Structure function studies with glucagon related peptides reveal 
glucagon receptor antagonist activities in vitro and in vivo
F.P.M. O’Harte, P.L. McClean, N. Irwin; 
School of Biomedical Sciences, University of Ulster, Coleraine, United 
Kingdom.

Background: The impact of abnormally elevated postprandial glucagon re-
sponses has been shown to contribute to the increased hepatic glucose output 
and overall hyperglycaemia associated with type 2 diabetes. Glucagon recep-
tor antagonists have the potential to alleviate this unwanted hyperglycaemia.
Aims: In this study we examined the effects of structural modification of glu-
cagon on peptide stability in the presence of dipeptidylpeptidase-4 (DPP-4). 
Furthermore, the functional ability of glucagon peptide analogues to block 
glucagon mediated effects in cultured rodent pancreatic beta cells and in nor-
mal mice was examined.
Methods: Two structural analogues of glucagon, namely desHis1Glu9glu-
cagon-amide and desHis1Glu9Lys30Pal-glucagon were synthesised. The stabil-
ity of these two analogues and native glucagon to DPP-4 was examined in 
vitro. Peptides were incubated with DPP-4 (pH 7.8, final peptide concentra-
tion 2 µmol/l) at 37ºC for 0, 2, 8 and 24 h. Enzymatic reactions were stopped 
by the addition of 10% (v/v) trifluoroacetic acid and degradation products 
were then analysed using reversed-phase HPLC. Acute insulin secretion 
studies (20 min) were performed with control (5.6 mM glucose), glucagon 
alone or glucagon in the presence of either desHis1Glu9-glucagon or desHis-
1Glu9Lys30Pal-glucagon in pancreatic BRIN-BD11 cells. In vivo studies were 
performed with groups of fasted mice (n=9-10, aged 10-14 weeks) injected 
i.p. with saline, glucagon alone (25 nmol/kg) or desHis1Glu9-glucagon in 
the presence or absence of glucagon. Blood samples were collected by tail 
venepuncture at 0, 15, 30, 60 and 105 min.
Results: Glucagon was progressively degraded following incubation with 
DPP-4 and the primary degradation product was identified as glucagon(3-29) 
by MALDI-MS. After 8 h incubation only 20% of glucagon remained intact, 
whereas 60% of desHis1Glu9-glucagon remained intact. In contrast, 100% of 
desHis1Glu9Lys30Pal-glucagon remained intact up to and including 24 h. Glu-
cagon dose-dependently (10-12 to 10-7 M) increased insulin secretion (P<0.05-
P<0.001, Students t-test) compared to 5.6 mM glucose controls in BRIN-BD11 
cells. In contrast, both desHis1Glu9-glucagon and desHis1Glu9Lys30Pal-gluca-
gon failed to promote insulin secretion in these cells over the entire range of 
concentrations tested (10-12-10-7 M) at 5.6 mM glucose. Both desHis1Glu9-glu-
cagon and desHis1Glu9Lys30Pal-glucagon effectively antagonised 10-7 M gluca-
gon-induced insulin secretion over the concentration range (10-12 to 10-7 M) 
causing a 65-78% decrease in glucagon stimulated insulin secretion (P<0.001). 
In vivo studies demonstrated that plasma glucose responses to glucagon were 
significantly enhanced (P<0.001) compared with saline (Area Under Curve, 
AUC 0-105 min) in normal mice. DesHis1Glu9-glucagon showed a reduced 
overall glucose excursion (P<0.01) compared with glucagon alone. In addition, 
when combined with glucagon, desHis1Glu9-glucagon effectively antagonised 
glucagon-induced glucose production, 0-105 min AUC excursion (P<0.001).
Conclusion: These studies demonstrate that desHis1Glu9-glucagon and 
desHis1Glu9Lys30Pal-glucagon are more stable than native glucagon and are 
specific glucagon receptor antagonist candidate molecules with potential in 
alleviating glucagon-induced hyperglycaemia in normal mice. Further stud-
ies are required to investigate the efficacy of these peptide analogues in ani-
mal models of diabetes.
Supported by: University of Ulster RCSF

566
Impaired glucose-induced glucagon suppression after 50% partial 
pancreatectomy in humans
B.A. Menge1, H. Schrader1, P.R. Ritter1, W.E. Schmidt1, T.G.K. Breuer1,  
W. Uhl2, J.J. Holst3, J.J. Meier1; 
1Department of Medicine I, St.Josef-Hospital, Bochum, Germany, 
2Department of Surgery, St. Josef Hospital, Bochum, Germany, 3The Panum-
Institute, Copenhagen, Denmark.

Background and aims: The glucose-induced decline in glucagon levels is of-
ten lost in patients with type 2 diabetes. It is unclear, whether this is due to 
an independent defect in alpha-cell function or secondary to the impairment 
in insulin secretion. We examined, whether a 50% partial pancreatectomy in 
humans would also impair post-challenge glucagon concentrations, and if so, 
whether this could be attributed to the reduction in insulin levels.

Materials and methods: 36 patients were studied before and after an ~50% 
partial pancreatectomy with a 240 min oral glucose challenge, and the plas-
ma concentrations of glucose, insulin, C-peptide, and glucagon were deter-
mined.
Results: Fasting glucose concentrations increased significantly after the par-
tial pancreatectomy (p<0.0001). This was accompanied by a reduction in both 
fasting and post-challenge insulin and C-peptide levels (p < 0.0001). Fasting 
glucagon concentrations were not altered by the intervention (p = 0.11). Oral 
glucose ingestion elicited a decline in glucagon concentrations before sur-
gery (p < 0.0001), but this was lost after partial pancreatectomy (p < 0.01 
vs. pre OP values). Likewise, the absolute mean difference in glucagon lev-
els from baseline, and the reduction in the integrated incremental glucagon 
concentrations were lower after partial pancreatectomy (p<0.01). The loss of 
glucose-induced glucagon suppression was found after both pancreatic head 
(p < 0.001) and tail (p < 0.05) resection. The glucose-induced changes in glu-
cagon levels were closely correlated to the respective increments in insulin 
and C-peptide concentrations (p < 0.01).
Conclusion: The glucose-induced suppression in glucagon levels is lost after 
a 50% partial pancreatectomy in humans, most likely as a consequence of 
reduced insulin levels. This suggest that impaired alpha-cell function in pa-
tients with type 2 diabetes may also be secondary to reduced beta-cell mass. 
Alterations in glucagon regulation should be considered as a potential side 
effect of partial pancreatectomies.
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The postprandial response of the anorexigenic gut hormones PYY and 
GLP-1 is affected by eating rate
A. Kokkinos1, C.W. leRoux2, K. Alexiadou1, N. Tentolouris1, R.P. Vincent2, 
D. Kyriaki1, D. Perrea1, M.A. Ghatei2, S.R. Bloom2, N. Katsilambros1; 
1First Department of Propaedeutic Medicine, University of Athens Medical 
School, Greece, 2Department of Metabolic Medicine, Imperial College, 
London, United Kingdom.

Background and aims: The rate at which people eat has been suggested to be 
positively associated with obesity. However, there are no studies examining 
how eating rate affects appetite and related gut hormones. The present study 
assessed whether eating the same meal at varying speeds elicits different post-
prandial orexigenic and anorexigenic gut peptide responses.
Materials and methods: Seventeen healthy adult male volunteers (age: 29.7 
±1.2 years, BMI: 26.1 ±0.9 kg/m2) were consecutively recruited and exam-
ined in a crossover design. They consumed a test meal consisting of 300 ml 
ice-cream (675 kcal, 59% of kcal fat, 33% carbohydrates, 8% protein) at two 
different rates. In one session, the meal was divided in equal portions and 
consumed within 5 minutes, while in the other it was consumed in 30 min-
utes. Blood samples for the measurement of glucose, insulin, plasma lipids, 
the orexigenic gut hormone ghrelin, and the anorexigenic hormones PYY 
and GLP-1 were drawn before the meal and at 30 minute intervals after the 
beginning of meal consumption, until the end of the session, 210 minutes 
later. Visual analogue scales (VAS) for assessment of the subjective feelings 
of hunger and fullness were completed during the meal and at 30 minute 
intervals after meal termination until the end of the study session. The post-
prandial ghrelin, PYY and GLP-1 responses were assessed and expressed as 
area under the curve of their plasma concentrations for each session.
Results: PYY levels were higher for the 30 minute meal than for the 5 minute 
meal 90, 120 and 150 minutes after meal initiation, as were GLP-1 concentra-
tions 60 minutes after the start of the 30 minute meal and until the end of 
the session. PYY area under the curve (AUC) was higher after the 30 minute 
meal than after the 5 minute meal (mean ±SEM AUC-5 min meal: 4133 ± 
324, AUC-30 min meal: 5250 ± 330 pmol/L*min, p=0.004). The same was 
true for GLP-1 AUC (mean ±SEM AUC-5 min meal: 6219 ± 256, AUC-30 
min meal: 8794 ± 656 pmol/L*min, p=0.001). There was no difference in gh-
relin, insulin or glucose response between the sessions, either between spe-
cific time points after meal initiation or in terms of AUC. There was a trend 
for higher VAS fullness ratings immediately after the end of the 30 minute 
meal compared to immediately after the 5 minute meal (mean ±SEM: 51.7 
±4.9 vs 43.4 ±4.6 mm, p=0.09).
Conclusion: Eating at a physiologically moderate pace leads to a more pro-
nounced anorexigenic gut peptide response than eating very fast, and may 
thus favor earlier satiety.

568
Differential reduction in incretin hormone response to different 
macronutrients in obese vs lean healthy subjects
O. Lindgren1, J. Vikman1, C.F. Deacon2, B. Ahrén1; 
1Department of Clinical Sciences, Lund University, Lund, Sweden, 2Dept of 
Biomedical Sciences, Copenhagen University, Denmark.

Background and aims: The incretin hormones, glucagon-like peptide-1 
(GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are re-
leased after meal ingestion and potentiate glucose-stimulated insulin secre-
tion. Although it is hypothesized that GLP-1 secretion is reduced in obese 
subjects after ingestion of a mixed meal, it is not known whether the GLP-1 
response to individual macronutrients is similarly reduced. This study there-
fore examined the incretin hormone responses (total and active forms) to 
isocaloric glucose, fat and protein challenges in obese (OV) and lean (LV) 
healthy subjects.
Materials and methods: The study was undertaken in healthy male human 
volunteers that were either lean (BMI 20-25kg/m2; n=12;LV) or obese (BMI 
30-35kg/m2; n=12;OV). After an overnight fast, the subjects at three differ-
ent occasions consumed 2g glucose/kg b wt, 0.88g olive oil/kg b wt or 2.22g 
protein mix (85% whey protein)/kg b wt. Blood samples were collected before 
and up to five hours after intake of each macronutrient for measurements 
of insulin and intact GLP-1 and GIP. Early insulin and incretin hormone 

response were estimated as suprabasal area under the curve (AUC) for the 
first 30 minutes (AUC30) whereas total hormon responses were assessed as 
AUC300 over the entore 300 minutes study period.
Results: GLP-1 and GIP secretion increased after glucose, protein and fat in 
both lean and obese subjects. OV had a significantly lower AUC30 for total 
GLP-1 compared to LV (0.4±0.1 vs. 0.7±0.1nM*min, P=0.04). In contrast, 
there was no difference in total GLP-1 response between OV and LV after 
protein or fat. No Differences were found for AUC300. By contrast, OV had 
significant reduction of both AUC30 (0.9±0.2 vs. 1.7±0.3nM*min, P=0.03) 
and AUC300 (18±3 vs. 10±3nM*min, P=0.046) of total GIP after oral pro-
tein, whereas there was no difference in GIP secretion after intake of glucose 
and fat. No differences were found for the early secretion of the intact forms 
of the incretins. For insulin there were no difference in the early secretion but 
significantly higher AUC300 in OV after glucose (80±9 vs. 268±41nM*min, 
P=0.0005) and protein 37±3 vs. 114±16nM*min, P=0.0007).
Conclusion: Our results showed that obesity is associated with reduced early 
GLP-1 secretion after oral glucose and reduced early and total GIP secre-
tion after oral protein. Our data suggests that incretin hormone secretion is 
differentially perturbed in obesity depending on the specific macronutrient 
ingested.
Supported by: The Swedish Research Council, Region Skåne, Faculty of Medi-
cine, Lund University

569
Deterioration of glucose homeostasis induces impaired incretin effect in 
healthy normal glucose tolerant subjects
K.B. Hansen1,2, T. Vilsbøll3, J.J. Holst2, F.K. Knop3; 
1Clinical Physiological, Glostrup Hospital, 2Biomedical Science, the Panum 
Institute, Copenhagen, 3Internal Medicine F, Gentofte Hospital, Denmark.

Background and aims: The incretin effect is severely reduced in patients with 
type 2 diabetes. It remains unclear whether this deficiency can be induced 
temporarily in healthy subjects by a short period of glucose homeostatic dys-
regulation. We aimed to investigate the incretin effect before and after 10 days 
of prednisolone (a corticosteroid drug) administration, high energy diet and 
physical inactivity in healthy male subjects
Materials and methods: The incretin effect was measured using 75-g OGTT 
and isoglycaemic i.v. glucose infusion in 10 healthy Caucasian male subjects 
without family history of diabetes (age: 24±3 years (mean±SD); BMI: 23±2 
kg/m2; fasting plasma glucose: 5.2±0.4 mM, HbA1c:5.4±0.1%) before and 
after dysregulation of glucose homeostasis using high calorie diet, physical 
inactivity and administration of prednisolone (37.5 mg/day) for 10 days.
Results: No significant change in body weight was observed whereas insulin 
resistance according to HOMA (1.3±0.1 vs 2.9±0.3, (mean±SEM) p=0.0003) 
and glucose tolerance as assessed by the 120-min plasma glucose-value dur-
ing the OGTT (4.9±0.4 vs 7.8±0.8 mM, p<0.0001) and AUCPG-OGTT (152±45 
vs 384±53 mM·4h, p=0.002) deteriorated following the 10-day interventional 
period. The intervention had a significant negative impact on the incre-
tin effect as assessed by the formula: 100% (AUCinsulin,OGTT - AUCinsulin,i.v.) / 
AUCinsulin,OGTT (72±5 vs 43±7%, p=0.002)
Conclusion: These data show that the reduced incretin effect observed in 
patients with type 2 diabetes is a phenomenon that can be induced in healthy 
male subjects without risk factors for type 2 diabetes. This finding indicates 
that the deficient incretin effect in type 2 diabetes is a consequence of a glu-
cose intolerant state rather than a primary event causing type 2 diabetes.
Supported by: an EFSD/Novartis grant

570
Reduced incretin effect in dexamethasone-induced insulin resistance and 
glucose intolerance in diabetic offspring
D.H. Jensen1, K. Aaboe2, J.E. Henriksen3, S. Madsbad4, T. Krarup1; 
1Department of Internal Medicine, Bispebjerg Hospital, Copenhagen, 
2Department of Internal Medicine, Herlev Hospital, 3Department of 
Endocrinology and Metabolism, Odense University Hospital, 4Department 
of Endocrinology, Hvidovre Hospital, Denmark.

Background and aims: Insulin resistance and impaired glucose tolerance 
characterize pre-diabetes. We wanted to evaluate the incretin effect before 
and after the development of insulin resistance and glucose intolerance. We 
used a model where we increased insulin resistance, which in some patients 
also induced glucose intolerance, by short-term dexamethasone treatment.
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Materials and methods: 12 healthy, 1st degree relatives to type 2 diabetic 
patients, with normal glucose tolerance, were examined on 2 occasions before 
and after a steroid treatment. We performed a 75g OGTT with frequent blood 
samples to obtain a glucose profile. On day 2 we made an isoglycemic dupli-
cation of the glucose curve by an i.v. glucose infusion. The subjects were then 
treated with 2mg dexamethasone bid for 5 days, and the tests were repeated. 
During the tests we drew blood to measure insulin and C-peptide. We calcu-
lated the incretin effect by relating the incremental insulin response during 
the OGTT to the incremental insulin response during the i.v. glucose infu-
sion by the following formula: ((iAUCinsulin,OGTT-iAUCinsulin,i.v.)/iAUCinsulin,OGTT 
) • 100%. Insulin resistance was evaluated using the HOMAIR index.
Results: The dexamethasone treatment increased the insulin resistance in all 
the subjects, of which 7 became glucose intolerant. The group that remained 
glucose tolerant, ((BMI 22±1 kg/m2) (mean±SEM), 2 men, 3 women), had a 
change in HOMAIR from 0,88±0,12 to 1,8±0,30 (p < 0,05). This group also 
had a reduction in the incretin effect from 71±5,4% to 61±4,6% (p < 0,05). 
The glucose intolerant group ((BMI 25±0,6 kg/m2), 5 men, 2 women) had a 
change in HOMAIR from 0,97±0,16 to 2,5±0,44 (p < 0,05). This group had a 
reduction in the incretin effect from 70±6,2% to 33±11,8% ( p < 0,05). Com-
parison between the two groups showed a significantly larger reduction in the 
incretin effect in the glucose intolerant group as compared with the tolerant 
group (p < 0.05). The increase in HOMAIR did not differ between the groups. 
A correlation analysis showed no correlation between the increase in insulin 
resistance and the decrease in the incretin effect (p = 0,4).
Conclusion: Our results point to a reduced incretin effect in relatives to pa-
tients with type 2 diabetes after an increase in insulin resistance despite a 
normal glucose tolerance. Nevertheless the reduction in the incretin effect 
was significantly more pronounced in subjects, who both developed insulin 
resistance and glucose intolerance. We therefore hypothesize that the dimin-
ished incretin effect seen in type 2 diabetes is the end product of a process 
already beginning with the development of insulin resistance.
Supported by: The Novo Nordisk Foundation
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The capability increase the incretin effect in response to increasing oral 
glucose loads is impaired in patients with type 2 diabetes
J.O. Bagger1,2, F.K. Knop3, A. Lund1,2, H. Vestergaard1, J.J. Holst2,  
T. Vilsbøll1,3; 
1Endocrinology J, Herlev Hospital, 2Biomedical Sciences, University of 
Copenhagen, 3Internal Medicin F, Gentofte Hospital, Hellerup, Denmark.

Background and aims: The incretin effect (the enhancement of glucose-in-
duced insulin secretion following OGTT compared to isoglycaemic intrave-
nous glucose infusion (IIGI)) is reduced in patients with type 2 diabetes mel-
litus (T2DM). In healthy subjects the incretin effect increases concurrently 
with the size of the oral glucose load resulting in similar glucose excursions 
independently of the size of the glucose load. Whether patients with T2DM 
are able to regulate their incretin effect in this manner is unknown. We aimed 
at elucidating this uncertainty.
Materials and methods: The incretin effect was measured over six days by 
means of three 4-hour OGTTs with increasing glucose loads (25 g, 75 g and 
125 g) and three corresponding IIGIs in two groups of volunteers: 1) Eight 
patients with T2DM (fasting plasma glucose (FPG): 7.7 (7.0-8.9) mmol/l 
(mean(range)); HbA1c: 7.0 (6.2-8.4)%); and 2) eight healthy control subjects 
(CTRLs) matched for sex, age and BMI (FPG: 5.3 (4.8-5.7) mmol/l; HbA1c: 
5.4 (5.0-5.7)%) were studied.
Results: As opposed to patients with T2DM the CTRLs did not exhibit any 
difference in glucose excursions in response to the different oral glucose 
loads. In contrast to the CTRLs, the patients with T2DM only exhibited a 
tendency to augmentation of their incretin effect (100% · (AUCinsulin,OGTT - 
AUCinsulin,i.v.) / AUCinsulin,OGTT) in response to increasing oral glucose loads 
(Table 1). During all three OGTTs the incretin effect was lower in the T2DM 
group as compared to the CTRLs (Table 1).
Conclusion: Our data suggest that regulation (increase) of the incretin effect 
in response to increasing oral glucose loads is crucial for controlling post-
prandial glucose excursions in healthy subjects, and that this regulatory ca-
pability is impaired in patients with T2DM.
Supported by: MSD

572
Reduced postprandial GLP-1 response in gestational diabetes mellitus is 
a fully reversible phenomenon
L. Bonde1, T. Vilsbøl2, T. Nielsen1, J. Svare3, J.J. Holst4, S. Larsen1, F.K. Knop2; 
1Internal Medicine, Copenhagen University Hospital, Glostrup, 2Internal 
Medicine F, Copenhagen University Hospital, Gentofte, Hellerup, 
3Gynecology and Obstetrics, Copenhagen University Hospital, Glostrup, 
4Biomedical Sciences, The Panum Institute, University of Copenhagen, 
Denmark.

Background and aims: Patients with type 2 diabetes exhibit reduced post-
prandial secretion of glucagon-like peptide-1 (GLP-1). The causality and po-
tential reversibility of this pathophysiological trait are unclear. We aimed to 
investigate whether women with gestational diabetes mellitus (GDM) exhibit 
decreased postprandial GLP-1 responses, and if so, whether this deficiency 
ceases following delivery when normal glucose tolerance is reestablished.
Materials and methods: Eleven women with GDM (plasma glucose concen-
tration at 120 min after 75-g OGTT: 10.0±0.3 mM (mean±SEM); age: 31±2 
years; BMI: 31.6±1.9 kg/m2; HbA1c: 5.6±0.2%) and eight pregnant women 
with normal glucose tolerance (NGT) (age: 27.7±1.0 years; BMI: 29.7±1.7 
kg/m2; HbA1c: 5.4±0.1%) were investigated with a 4-hour liquid meal test 
(100g NAN1: 2170 kJ) during pregnancy (third trimester) and 3-4 months 
post partum. All patients with GDM reestablished a normal glucose tolerance 
within 2-3 months following delivery.
Results: Patients with GDM exhibited reduced postprandial GLP-1 responses 
as compared to their postpartum levels (Table 1) and as compared to healthy 
non-pregnant women (AUC: 1445±293 vs. 3461±811 pM•4h (mean±SEM), 
p<0.0001). The difference between third trimester and post partum GLP-1 re-
sponses among NGT women did not reach statistical significance. However, 
no differenc-es between the two groups during pregnancy and postpartum, 
respectively, were observed (Table 1). Pregnancy did not have any impact on 
postprandial responses of the other incretin hormone, glu-cose-dependent 
insulinotropic polypeptide, in either of the two groups.
Conclusion: Patients with GDM exhibit reduced postprandial GLP-1 re-
sponses and the deficiency is fully reversible alongside the restoration of NGT. 
GLP-1 responses in healthy pregnant women showed the same tendency, sug-
gesting that reduced postprandial GLP-1 response is a characteristic of type 2 
diabetes and most likely occurs as a consequence of an insulin resistant state 
and worsen alongside the development of overt glucose intolerance.

Table 1. Mean incremental AUC for GLP-1 (pM<font face=
GDM
(n=11)

GDM
(n=11)

Difference,
unpaired T-test 
(P-value)

Third trimester 1445±293 1616±870 0.836
Post partum 4520±828 3461±811 0.388
Difference, paired T-test (P-value) 0.002 0.069

Supported by: The Novo Nordisk Foundation, the Danish Diabetes Foundation, 
Aase and Ejnar Danielsens Foundation

573
GIP and GLP-1 concentration are prescribed by different factors during 
oral glucose load in Asian subjects
A. Hamasaki, N. Harada, A. Muraoka, S. Yamane, X. Liu, A. Okumachi,  
K. Toyoda, N. Inagaki; 
Diabetes and Clinical Nutrition, Kyoto University, Japan.

Background and aims: It is well known that incretin effect contributes to 
as much as half of insulin secretory response to oral glucose load and that 
this effect reduces along with worsening of glucose tolerance. Several stud-
ies have shown relations between incretin effect, incretin concentration and 
other endogeneous factors. These findings are, however, almost based on 
European subjects, and little is known on Asian subjects who have different 
genetic background resulting in much lower insulin secretory capacity. Thus, 
in this study, we aimed to investigate whether Asian subjects show similar 
incretin effect as previously reported, and to show which factor prescribes 
incretin secretion.
Materials and methods: Isoglycemic 3-hour oral (75g oral glucose toler-
ance test (OGTT)) and intraveneous glucose administration was performed 
in thirteen Japanese subjects (age: 33.8±5.6 years; body mass indx (BMI): 
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23.2±3.5 kg/m2 (mean±S.D.)) who consists of the NGT and the IGT. In the 
isoglycemic test, intraveneous glucose infusion (20% wt/vol) was performed 
aiming to reproduce the plasma glucose profile at OGTT using artificial 
pancreas system STG-22 (Nikkoso, Tokyo, Japan). Plasma or serum levels of 
glucose, insulin, C-peptide, glucagon, free fatty acids (FFA), gastric inhibi-
tory polypeptide (GIP) and glucagons-like polypeptide-1 (GLP-1) were de-
termined.
Results: Plasma concentrations of GIP and GLP-1 increased significantly af-
ter oral glucose load. The integrated GIP concentration during OGTT (area-
under-curve (AUC)-GIP) was not correlated with glucose concentrations 
but with AUC-FFA and fasting glucagon concentration positively (r= 0.75, 
P<0.01 and r= 0.62, P<0.05 respectively). There also was a significant strong 
relationship between GIP levels and BMI (r= 0.79, P<0.005). On the other 
hand, the AUC-GLP-1 was inversely correlated with fasting glucose level and 
AUC-glucose significantly (r= -0.68, P<0.05 and r= -0.69, P<0.01 respective-
ly), and was not correlated with FFA, glucogon, or BMI. The AUC-glucose 
during OGTT was closely reproduced by intravenous glucose infusion. Incre-
tin effect caliculated from the integrated β-cell cell secretory response (of in-
sulin and C-peptide) was comparable to that reported in previously (57.9±4.8 
% and 44.7±4.0 % respectively).
Conclusion: In this study, we show for the first time that incretin effect in the 
Asian subjects is comparable to that in the European subjects. In addition, 
our findings revealed that GIP and GLP-1 concentrations are prescribed by 
clearly different factors. Furthermore, glucose metabolism appears to be af-
fected by GLP-1 rather than by GIP even in normal to near-normal glucose 
tolerant subjects, while GIP appears to be more important in lipid metabo-
lism.

574
Beta cell responsiveness to GLP-1 in nondiabetic lean and obese adults
B.A. Aulinger, M. Salehi, D.A. D’Alessio; 
Division of Endocrinology, University of Cincinnati, United States.

Background and aims: The incretin effect describes the enhancement of in-
sulin secretion after ingestion of meals due to the gut factors Glucose-depend-
ent insulinotropic polypeptide (GIP) and Glucagon-like peptide-1 (GLP-1). 
Recent studies suggest that the incretin effect is not only impaired in patients 
with T2DM but also in obese subjects without history of diabetes. However 
it is unclear whether this is due to an impaired beta-cell response to GIP or 
GLP-1. Therefore we sought to determine a dose-response relationship be-
tween GLP-1 and insulin secretion in a cohort of lean and obese subjects.
Materials and methods: For this purpose 8 lean (BMI 23.0±0.8; M/F, 4/4) 
and 6 obese (36.7±0.8; M/F, 3/3)) healthy subjects with no personal or family 
history of diabetes were studied. Subjects received a variable glucose infu-
sion to achieve stable blood glucose of 7.3 mmol/l that was clamped for 240 
minutes. After 60 min of hyperglycaemia, a step wise infusion of GLP-1 was 
given at rates of 0, 15, 45, 90, 150, 300, and 400 ng/kg (lean mass)/h for 25 
minutes each.
Results: The fasting glucose levels in all subjects were < 5.3 mmol/L and 
slightly higher in the obese than lean group (4.8±0.1 vs 4.5±0.1, p = 0.05). 
Obese subjects had a significantly higher fasting insulin than lean subjects 
consistent with insulin resistance (169±32 vs. 57±3 pM; p<0.001). During 
hyperglycaemia alone, plasma insulin rose to 688±61 pM in the obese sub-
jects and to 201±25 pM in the lean subjects (p<0.001). At the highest rate of 
GLP-1 subjects in the obese cohort still secreted significantly more insulin 
compared to the lean (12579±4218 vs. 6062±579 pM; p<0.05), although the 
individual responsiveness to GLP-1 was more variable (CV 59 vs. 29%). The 
relative increment of GLP-1 stimulated insulin secretion over glucose alone 
was not significantly different between the groups.
Conclusion: While the subjects in the obese cohort were obviously insulin 
resistant their basal insulin secretion was appropriate with only modestly 
higher fasting glucose compared to the lean subjects. Both glucose and GLP-1 
stimulated insulin secretion was significantly higher in the obese subjects and 
was proportional compared to the response in leans. In this cohort of obese 
subjects with insulin resistance but adequate beta-cell function there was no 
impairment of beta-cell responsiveness to GLP-1.
Supported by: NIH - NIDDK
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Bromocriptine acutely decreases glucose-stimulated insulin secretion in 
mice
J.E. de Leeuw van Weenen1, E.T. Parlevliet1, M. Ouwens2, P. Maechler3,  
J.A. Romijn1, H. Pijl1, B. Guigas2; 
1Department of Endocrinology and Metabolic Diseases, Leiden University 
Medical Center, Netherlands, 2Department of Molecular Cell Biology, 
Leiden University Medical Center, Netherlands, 3Department of Cell 
Physiology and Metabolism, University of Geneva, Switzerland.

Background and aims: Long term treatment with Bromocriptine, a dopamine 
receptor D2 agonist, improves glucose tolerance and decreases fasting plasma 
insulin levels in both obese diabetic patients and animal models by a still un-
known mechanism. Since dopamine D2 receptors are expressed in pancreatic 
beta-cells, we hypothesized that Bromocriptine might modulate insulin se-
cretion by a direct action on the pancreas. We therefore investigated the acute 
effect of therapeutic concentrations of Bromocriptine on insulin release, both 
in vivo and in vitro.
Materials and methods: Male C57BL/6 mice were subjected to an intraperi-
toneal glucose tolerance test (ipGTT) or a hyperglycemic clamp (20 mM) 60 
min after they received a single intraperitoneal injection with Bromocriptine 
(10 or 25 mg/kg BW) or vehicle. Basal and glucose-stimulated insulin secre-
tion (GSIS) was also measured in pancreatic INS-1E beta-cells after acute 
treatment (60 min) with Bromocriptine (1, 5, 50 and 500 nM) or vehicle.
Results: One hour after a single intraperitoneal injection of 10 or 25 mg/
kg BW Bromocriptine the basal glucose levels were dose-dependently in-
creased by 35% and 136% (p<0.01) compared to vehicle, while insulin levels 
remained unaffected. In addition, Bromocriptine significantly increased the 
area under the curve of glucose levels by 40% and 46% (p<0.001) and delayed 
the rise in insulin levels during the ipGTT, indicating glucose intolerance. 
During the hyperglycemic clamp, Bromocriptine strongly reduced the first-
phase (-76% and -74% at 1 min; p<0.01) and second-phase insulin response 
(-55% and -63%; p<0.01), underlining a clear alteration of GSIS. Additional 
experiments in INS-1E beta-cells also showed a dose-dependent inhibition 
of GSIS by Bromocriptine at concentrations above 1 nM (from -14% to -61%; 
p<0.01), while basal insulin secretion was not modified.
Conclusion: In contrast with the previously reported beneficial effect of long-
term Bromocriptine treatment on glucose homeostasis, we report here that 
acute administration leads to glucose intolerance, provoked by the inhibition 
of GSIS. Our in vitro data suggests that the Bromocriptine-induced decrease 
in GSIS is the result of a direct effect on pancreatic beta-cells, through activa-
tion of dopamine D2 receptors.
Supported by: Dutch Diabetes Foundation
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Nateglinide stimulated oral glucose tolerance test for functional 
assessment of residual beta cell capacity in type 2 diabetes
J. Reusch, A. Wilms, S. Boehncke, K. Badenhoop; 
Department of Internal medicine 1, Division Endocrinology, Goethe 
University, Frankfurt, Germany.

Background and aims: There is no simple clinical tool for testing beta-cell-
capacity in patients with type 2 diabetes. The clamp requires continuous 
monitoring and is not feasible in an out-patient setting.
Nateglinide is a derivative of the amino acid D-phenylalanine, which acts di-
rectly on the pancreatic beta-cells to stimulate insulin secretion particualrly 
in the the early phase. Our aim was to evaluate a combined nateglinide-/OGT 
test to assess beta-cell capacity in an out-patient setting.
Materials and methods: We examined in a 79 individuals (30 healthy con-
trols (HC) and 49 type 2 diabetes patients (T2DP) either on dietetic control 
or treated with OAD (excluding sulfonylurea derivatives) during a modified 
3 hour OGTT (50g) combined with 120 mg of nateglinide (Starlix®). We 
measured glucose, insulin and C-peptide at baseline and after 30, 60, 120 
and 180 minutes and calculated HOMA-IR, AUCinsulin, AUCc-peptide and 
AUCglucose. In order to assess the intraindividual variability 10 HC were 
tested twice.
Results: Significantly lower serum glucose level were found in HC than in the 
T2DP at any time points (e.g. max glucose: 6.94±1.44 vs 13.03±3.58mmol/
l, AUC glucose: 4.69±0.86 vs 9.45±3.70 mmol*h/l) who reached maximum 
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level later (35.25±17.61 vs. 63.33±31.76 min). In 18 T2DP we observed 
normal 2h glucose levels (7 had levels compatible with IGT and 20 had 
glucose >11.1mmol/l). T2DP can be devided into A leading insulin resist-
ence (HOMA-IR>2,5, n=29) and B secretory deficiency (max. c-peptide < 
4ng/mL or increase in c-peptide < 2fold, n=21). Patients with secretory de-
ficiency had higher HbA1c (7.79%±1.80 vs. 6.23%±1,58 p<0.001), AUCglu-
cose (1756.91±766 vs.1612 06±663.21.p.05 n.s) and blood glucose at 30min 
(12.99mmol/l±2.19 vs. 10.38mmol/l±4.38 n.s.) and 120min (11.14mmol/
l±5.05 vs. 9.86mmol/l±4.07 n.s.).
Conclusion: The nateglinide/OGT test is a feasible tool for a routine outpa-
tient clinic to assess the residual beta-cell capacity. Insulin and C-peptide val-
ues at 30 and 120 minutes distinguish between normal and deficient insulin 
secretion. Based on the limited numbers analysed we diagnose relevant in-
sulin deficiency in T2DP if the nateglinide/OGT test shows: - 120 min blood 
glucose levels > 11.1 mmol/l or - > 7.8 mmol/l < 11.1 mmol/l and maximum 
c-peptide < 4 ng/mL or stimulated c-peptide is smaller than twofold. We will 
increase the number of investigated patients in order to confirm these cut-off 
levels.

577
Stimulation of insulin secretion and enhancement of insulin action, in 
vivo, by a small molecule glucokinase activator
R.C. Camacho1, S. Qureshi1, X. Yang1, J.-I. Eiki2, B.B. Zhang1; 
1Metabolic Disorders, Merck Research Laboratories, Rahway, United States, 
2Banyu Pharmaceutical, Tsukuba, Japan.

Glucokinase (GK) is a critical element of glucose metabolism in both the β-
cell and hepatocyte, making it an attractive type 2 diabetes drug target. In 
the β-cell, GK functions as the glucose sensor, determining the threshold for 
insulin secretion. In the hepatocyte, GK facilitates hepatic glucose uptake 
during hyperglycemia. The aim of this study was to assess the effects of a 
GK activator (Cpd C) on in vivo insulin secretion and insulin action. Cpd 
C activates recombinant human GK with an EC50 of 50 nM in the presence 
of 10 mM glucose. Studies were conducted in overnight fasted 10 week old 
male Sprague-Dawley rats that had underwent arterial and venous catheteri-
zation, for sampling and infusion, respectively, 1 week prior to study. In the 
first set of studies, either vehicle (0.5% methylcellulose, V, n=7) or Cpd C (10 
mg/kg, n=5) was dosed orally, followed by an immediate maintenance of eug-
lycemia by an exogenous glucose infusion. Cpd C increased plasma insulin 
levels (1.8±0.3 vs. 0.8±0.2 ng/mL, p<0.05). As a result, Cpd C also increased 
the glucose infusion rate (GIR) required to clamp glucose (36±2 vs. 3±1 mg/
kg/min, p<0.05). To isolate (insulin-independent) hepatic effects of Cpd C, 
a second group of rats were dosed orally with either V (n=8) or Cpd C (10 
mg/kg, n=8), and then immediately underwent a pancreatic (SRIF+basal glu-
cagon) hyperinsulinemic (2 mU/kg/min) hyperglycemic (190 mg/dL) clamp. 
Glucagon was clamped at basal levels, and both insulin and glucose were in-
creased similarly (to 1.7 ng/mL and 190 mg/dL, respectively) in both groups. 
Cpd C significantly increased GIR requirements (30±2 vs. 20±3 mg/kg/min), 
insulin’s stimulation of glucose utilization (29±1 vs. 24±2 mg/kg/min) and 
suppression of glucose production (-2±4 vs. 4±2 mg/kg/min), and increased 
liver glycogen (127±13 vs. 71±9 mg/g liver). Thus we have shown that Cpd 
C stimulates insulin secretion, and independently, also increases hepatic glu-
cose uptake and glycogen synthesis in vivo. These data suggest that GK activa-
tors hold great potential as novel type 2 diabetes therapeutic agents.

578
Decreased insulin hepatic extraction in women with polycystic ovary 
syndrome and study of influence of TCF7L2 gene variant 
M. Vankova1, J. Vcelak1, P. Lukasova1, K. Dvorakova1, J. Vrbikova1,  
B. Bendlova1, G. Pacini2; 
1Depart. of Molecular Endocrinology, Institute of Endocrinology, Prague, 
Czech Republic, 2ISIB, CNR, Padova, Italy.

Background and aims: The liver is the principal site of insulin degradation. 
The evaluation of its ability to extract insulin is important to understand 
pathological states such as impaired glucose tolerance, obesity and diabetes. 
Polycystic ovary syndrome (PCOS) is considered as a risk factor for diabetes 
type 2, it is often associated with obesity and beta cell dysfunction as well as 
insulin resistance. Insulin secretion and hepatic extraction can be calculated 
from OGTT derived data. Common variants of TCF7L2 gene are associated 
with overexpression of this transcription factor and increased insulin gene 

expression in pancreatic islets, but surprisingly with lower insulin secretion. 
The aim of study was to assess using functional tests‘ derived indices the in-
sulin secretion, sensitivity and hepatic extraction and to evaluate the possible 
influence of TCF7L2 gene variants in PCOS patients and controls.
Materials and methods: The study involved 109 PCOS patients diagnosed 
according to ESHRE criteria and 192 control women with different glu-
cose tolerance and body mass index. OGTT was performed in all subjects, 
in subgroup of 50 PCOS and 23 control women arginin secretion test and 
euglycemic hyperinsulinemic clamp were performed. The SNPs rs12255372, 
rs7901695, rs7903146 in the TCF7L2 gene were assessed by ABI TaqMan SNP 
Genotyping Assays. Statistics (Kruskal-Wallis one-way ANOVA) was done 
using NCSS 2004 programme.
Results: PCOS patients vs. controls had higher body mass index (p=0.00), 
insulin resistance (HOMAR p=0.0004; 1/Matsuda index p=0.00) and insulin 
secretion (HOMAF p=0.0001; insulinogenic index p=0.00). Insulin hepatic 
extraction was significantly lower in PCOS patients vs. controls (p=0.00). 
Independently on study groups, insulin hepatic extraction was higher in 
lean women (BMI < 25 kg/m2) compared to overweight women (BMI ≥ 25 
kg/m2). With respect to TCF7L2 gene variants, PCOS and control women 
differed only in rs12255372 (G/T) genotypic frequencies (Chi square test, 
p=0.04). PCOS carriers of the risk T-allele had lower insulin secretion (in-
sulinogenic index p=0.03) and increased insulin hepatic extraction (p=0.02), 
mainly in lean women. In lean T-allele carriers, acute insulin response (AIR) 
to arginine during arginine test tended to lower fasting values (AIRf: carriers 
vs. non-carriers, medians 155 vs. 190 mIU/l, p=0.1) and glucose-potentiated 
values (AIR14: 768 vs. 965 mIU/l, p=0.2). Euglycemic hyperinsulinemic clamp 
as well as OGTT derived indices did not detect any difference in insulin sen-
sitivity with respect to genotype.
Conclusion: The study revealed the association of rs12255372 of the TCF7L2 
gene not only with insulin secretion, but also with insulin hepatic extraction 
in PCOS patients.
Supported by: IGA MZCR NS/9839-4

579
Common variant on 1q24.2 (187cM) affects insulin secretion of beta cells 
and lipid spectrum in French-Canadian and Czech populations
J. Vcelak1, O. Seda2, M. Vankova1, P. Lukasova1, J. Vrbikova1, J. Tremblay2,  
B. Bendlova1, P. Hamet2; 
1Institute of Endocrinology, Prague, Czech Republic, 2Research Centre, 
CHUM, Montreal, Canada.

Background and aims: In order to search for sequence variants conferring 
risk of type 2 diabetes mellitus (T2DM) we previously conducted a genome-
wide linkage study in 108 French-Canadian families from the Saguenay-Lac-
St-Jean (SLSJ) region of Quebec (Canada) as we reported on the 43rd EASD 
Meeting. One of the most significant statistical results was a linkage of insulin 
resistance index HOMA-IR with locus on chr. 1 (187cM), LOD=2.97. Subse-
quent FBAT analysis revealed the association of this locus with LDL-choles-
terol levels in these families. Our aim was to validate these results by replica-
tion in the case/control association study in Czech population.
Materials and methods: The study involved 1465 Czech Caucasian sub-
jects: 347 patients with T2DM (M/F 116/231; age 61.54±7.58/58.37±9.32 
years; BMI 29.67±4.63/31.77±5.64 kg/m2); 327 women with PCOS defined 
according to ESHRE consensus (age 27.49±6.33 years; BMI 26.96±6.62 kg/
m2); 263 gestational diabetics (age 32.79±4.91 years; BMI 23.82±4.16 kg/m2); 
149 offspring of T2DM (M/F 50/99; age 38.80±10.22/37.24±12.78 years; 
BMI 26.61±4.52/25.17±4.38 kg/m2) and 379 controls (M/F 125/254; age 
29.39±7.79/29.85±10.77 years; BMI 24.10±2.96/23.27±4.38 kg/m2) were col-
lected. For better assessment of insulin secretion and sensitivity, the oral glu-
cose tolerance test (oGTT) and insulin tolerance test (ITT) were performed 
(except of T2DM patients). Moreover, 16 anthropometric parameters, 29 bio-
chemical parameters and hormones, 32 oGTT-derived indices were evalu-
ated. The rs4656671 (G>A) was assessed by TaqMan SNP Genotyping As-
say. Statistics was done using nonparametric Mann-Whitney test and χ2-test 
(NCSS 2004 software).
Results: The allelic and genotypic distribution was not significantly different 
among groups and was independent on sex (χ2-test). The A allele carriers and 
non-carriers did not differ in age and BMI within these groups. Only results 
with the highest statistical significances for associations of the A allele (AA 
+ AG vs. GG) with screened parameters in control and offspring of T2DM 
groups are presented. In spite of the similar oGTT stimulated glucose levels, 
the carriers of the A allele had significantly lower insulin and C-peptide se-
cretion (Areas Under Curves (AUCs) are presented) and lower levels of total- 
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and LDL-cholesterol in comparison with non-carriers. Results from T2DM, 
PCOS and gestational diabetics groups were not significant.
AUCoGTT 0-180min.IRI [mIU/l*180 min.] Controls: 5377±3567 vs. 5998±3560, 
p=0.025
Offspring of T2DM: 5429±3361 vs. 6495±4233, p=0.0073
AUCoGTT 0-180min.C-peptide [nmol/l*180min.] Controls: 358±120 vs. 384±120, 
p=0.024
Offspring of T2DM: 370±129 vs. 397±132, p=0.0128
Total Cholesterol [mmol/l] Controls: 4.27±0.79 vs. 4.59±0.90, p=0.0006
Offspring of T2DM: 4.42±0.87 vs. 4.62±0.93, p=0.028
LDL-Cholesterol [mmol/l] Controls: 2.30±0.71 vs. 2.58±0.83, p=0.001
Offspring of T2DM: 2.46±0.80 vs. 2.62±0.86, p=0.033
Conclusion: In this study on a sample set from the general Czech population 
we show that SNP rs4656671 that was previously found by linkage study in 
French-Canadian families, is associated with lower insulin secretion of beta 
cells and is accompanied with change in lipid spectrum.
Supported by: IGA MH CR NS/9839-4

580
C-Peptide correction method to determine exogenous insulin levels in 
pharmacokinetic studies using Technosphere insulin
A. Boss, M. Marino, J. Cassidy, R. Baughman, P. Richardson; 
MannKind Corporation, Valencia, United States.

Background and aims: Determining the concentration time profile of exog-
enous-administered insulin in pharmacokinetic studies usually requires the 
use of patients with poor or absent β-cell function (type 1 diabetes mellitus), 
labeled insulin, or insulin clamp studies. These methodologies are difficult 
and limit the ability to explore the kinetics of novel insulins in broad popula-
tions. Although baseline C-peptide corrections have been used, they are not 
robust or precise.
Materials and methods: We report here the use of repeated intraindividual 
correlations between insulin and C-peptide to assess exogenous insulin con-
tribution in individuals with intact β-cell function analyzed in several clinical 
trials (69 subjects from 3 trials). C-peptide and insulin are secreted in a 1:1 
molar ratio by the pancreas, but while insulin is removed by the liver, C-pep-
tide is not. The clearance, and ultimate ratio, differs among individuals. Data 
for the analysis were obtained when exogenous insulin was cleared from the 
plasma (ie, prior to dosing and 6 h or more after dosing with TI). The rela-
tionship was analyzed with a linear mixed effect model where the fixed effect 
was the population mean for intercept and slope and the random effect was 
the individual deviation from those means.
Results: As expected, a general linear relationship was found to exist between 
C-peptide and insulin, but the slope varied by individual.
Insulini,j = Intercepti + Slopei X C-Peptidei,j
C-peptide concentrations allow the estimation of an individual’s endogenous 
insulin concentration from the equation above. Exogenous insulin is then 
calculated by subtracting the endogenous insulin from the total insulin meas-
ured as per the equation below.
TI Insulini,j = Measured Insulini,j - Insulini,j
An example of the C-peptide insulin relationship is displayed below.
Conclusion: We suggest that this novel method may be used to replace deter-
mination of individuals’ C-peptide elimination experimentally.
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PS 38 Incretin secretion - studies in 
animals
581
Different insulinotropic effecs of GLP-1 and GIP before and during 
IVGTT with and without systemic DPP4 inhibition in Wistar rats
S. Berg, P. Heinke, E. Salzsieder, K. Kohnert, E. Freyse 
Institute of Diabetes, Karlsburg, Germany.

Background and aims: Data on insulinotropic potency of GLP-1 and GIP 
are controversial and systematic investigations are missing. We had there-
fore performed glucose and insulin measurements in catheter-wearing rats 
receiving placebo (P), 1, 2, 4 and 8 nmol/kg GIP and 4 and 8 nmol/kg b.w. 
GLP-1 5 min before an IVGTT. The GLP-1 dose of 4.0 nmol/kg b.w. pro-
duced an insulinotropic effect comparable to that of 2.0 nmol/kg b.w. GIP 
- I-AUC0-25min: 179± 76* vs. 164±63* ng•min•ml-1, insulinogenic Index 
(iI): 1.11±0.50* vs. 0.97±0.37* ng/mmol. The glucose efflux was less effective 
after GLP-1 administration - KG: 14.0±1.6 vs. 21.8±5.5* %/min; *p<0.05 vs. 
placebo). Since the generated data in the tests could be influenced by a) early 
insulin liberation and b) action of systemic DPP4 activity immediately after 
incretin injection and before IVGTT, the effects of both these components 
should be investigated more in detail.
Materials and methods: a) Catheterized Wistar rats were injected with P, 4.0 
nmol/kg GLP-1 (GLP-1,(7-36) amide; Neo MPS; Strasbourg, France) and 2.0 
nmol/kg GIP (GIP, Probiodrug AG, Halle/Saale, Germany). Incretins were 
solved in 0.1 % BSA in saline and were injected at 0 min. Arterial blood for 
blood glucose (BG) and plasma insulin (I) were taken (-5, 0 min and 1, 2, 3, 
5, 7, 10, 15 and 20 min). Reactive and absolute G- and I-AUC from 0-20min 
was calculated.
b) The DPP4 inhibitor P32/98 was injected at -20 min (dose: 30 µmol/kg), the 
respective incretin at -5 min and the IVGTT (0.4 g glucose/kg) at ± 0 min. 
Blood sampling was extended to 60 min and AUC from 0-25min were cal-
culated. To compare treatment groups with the control, the two-tailed t-test 
with Bonferroni-Holm correction was chosen. Within-group changes were 
tested by t-test, a *p<0.05 was considered significant.
Results: a) Both GLP-1 and GIP induced an insulin increase under basal 
blood glucose - GLP-1: reactive I-AUC 10.6±6.0*, absolute I-AUC 16.9±4.1* 
ng•min•mL-1; GIP: reactive I-AUC 8.8±3.4*, absolute I-AUC 16.5±4.7* 
ng•min•mL-1. 33.9 % and 34.5 % of insulin increase occurred within 3 min 
in both the tests. Reactive G-AUC was unchanged after 4 nmol/kg GLP-1 vs. 
P (10.1±6.2 vs. 4.6±4.1 mmol•min•mL-1) but declined after 2 nmol/kg GIP 
(-1.7±4.2 mmol•min•mL-1*).
b) DPP4 inhibitor declined always plasma DPP4 activity to 25-20 % during 
the IVGTT. GIP improved more efficient glucose tolerance (G-AUC: GIP, re-
active: 24.6±26.1, absolute: 159.0±31.5*; GLP-1, reacive: 64.7±29.9, absolute: 
204.2±33.2; P, reacive: 47.7±12.2, absolute: 183.8±17.1 mmol•min•mL-1) and 
insulin response (I-AUC: GIP, reacive: 76.4±52.9, absolute: 139.9±40.95*; 
GLP-1, reactive: 61.5±18.6, absolute: 71.4±25.4; P, reactive: 46.7±19.3, abso-
lute: 54.2±22.3 ng•min•mL-1).
Conclusion: Both, 4 nmol/kg GLP-1 and 2 nmol/kg GIP induce an early in-
sulin increase under basal conditions in healthy Wistar rats. Only the incretin 
GIP exerts a blood glucose decline.
The plasma DPP4 activity on GLP-1 and GIP for a short time may not explain 
the different insulinotropic potency of GLP-1 and GIP in the IVGTT in rats 
and especially the great difference in glucose efflux.
We thank Prosidion Ltd. and Probiodrug AG for donation of DPP4 inhibitor 
and GIP compound

582
Chronic treatment with a glucagon receptor antagonist reduces blood 
glucose and elevates circulating GLP-1 in diet-induced obese mice
B.B. Zhang1, E. Brady2, Q. Dallas-Yang2, F. Liu2, J. Woods1, E. Zycband1, L. 
Tota1, M. Wright1, L. Zhu1, R. Sinha Roy1, S. Qureshi1, D.-M. Shen1,  
F. Zhang1, E.R. Parmee1, G. Jiang1; 
1Merck Research Laboratories, 2Metabolic Disorders, Merck Research 
Laboratories, Rahway, United States.

Glucagon plays a key role in maintaining glucose homeostasis and hyperglu-
cagonemia has been implicated in the pathophysiology of type 2 diabetes. 
Antagonism of glucagon receptor (GCGR) signaling therefore represents a 
potential approach for treating diabetes. Cpd 15 is a small molecule GCGR 

antagonist (GRA) that blocks glucagon binding to the hGCGR with an IC50 
of 34 nM and antagonizes glucagon-induced cAMP accumulation in CHO.
hGCGR cells with IC50 of 92 nM. The compound blocks glucagon-induced 
glucose excursion in hGCGR mice whose endogenous murine GCGR was 
replaced with the human receptor. Cpd 15 also blocks glucagon induced gly-
cogen breakdown in a real-time NMR based assay to monitor glycogenolysis 
in perfused liver from hGCGR mice. In a chronic study of 82 days in du-
ration, Cpd 15 dosed daily as admixture to chow resulted in effective and 
sustained glucose lowering in high fat diet induced obese (DIO) hGCGR 
mice. Treatment with Cpd 15 also resulted in stable and moderate elevation 
of both glucagon and GLP-1 that was completely reversible upon washout 
of the compound. Importantly, there was no hyperglycemic overshoot upon 
termination of the treatment. Immuohistochemical analysis of pancreatic tis-
sue showed that while GCGR KO mice demonstrated severe α-cell hyperpla-
sia, treatment with Cpd 15 normalized the densities of both insulin positive 
β-cells and glucagon-positive α-cells in the pancreas of DIO hGCGR mice 
to the levels observed in lean hGCGR mice without apparent α-cell hyper-
plasia. Finally, whereas the pancreatic tissue of GCGR knockout mice had 
16-fold higher preproglucagon mRNA levels compared to wild type mice, 
treatment with Cpd 15 caused a 2-fold increase in pancreatic preproglucagon 
mRNA. Thus, GRA treatment can effectively improve glucose homeostasis 
and increase total GLP-1 levels without eliciting severe hyperglucagonemia. 
These results suggest the possibility that combination of a GRA with a DPP-4 
inhibitor will lead to improved efficacy in glucose lowering by not only block-
ing the hepatic action of glucagon but also by providing significantly higher 
levels of active GLP-1 than could be achieved with either therapy alone.

583
Regulation of proliferation and hormone production of GLP-1 and 
glucagon-secreting cells
C. Kappe1, J.J. Holst2, Q. Zhang1, Å. Sjöholm1; 
1Department of Clinical Science and Education, Södersjukhuset, Karolinska 
Institutet, Stockholm, Sweden, 2Department of Biomedical Science, The 
Panum Institute, University of Copenhagen, Denmark.

Background and aims: Glucagon-like peptide-1 (GLP-1) is an incretin hor-
mone, secreted from gut L-cells upon nutrient intake, and forms the basis for 
novel drugs against type 2 diabetes. Secretion of GLP-1 is impaired in type 2 
diabetes. Glucagon, secreted from pancreatic α-cells, acts as the counterpart 
of insulin. Abnormalities in α-cell function contribute to hyperglycemia and 
insulin resistance in diabetes. Little is known about the influence of antidi-
abetic drugs on α- and L-cell function and regeneration. The aim of this study 
was to investigate the long term impact of anti-diabetic agents on the prolif-
eration and hormone production of GLP-1- and glucagon-secreting cells and 
mechanisms underlying such effects.
Materials and methods: The GLP-1-secreting cell line GLUTag and gluca-
gon-secreting αTC1-9 cells were cultured in DMEM media. Cell proliferation 
was evaluated by 3H-thymidine incorporation and MTT assay after a 48 h-
incubation with the anti-diabetic agents. GLP-1 and glucagon were measured 
by specific ELISAs.
Results: In the GLP-1-secreting GLUTag cells, insulin and the stable GLP-1 
analogue Exendin-4 stimulated proliferation at a basal (3 mM), but not high 
(11 mM) concentration of glucose. A similar effect was also observed by ap-
plying ATP. Unexpectedly, the proliferation of the cells was suppressed by the 
cAMP agonist Sp-cAMP. The DPP-IV inhibitor sitagliptin selectively promot-
ed proliferation of GLUTag cells at high glucose, but not at basal concentra-
tion of the sugar. In contrast, proliferation of the glucagon-secreting αTC1-9 
cells was not affected by the agents under the same conditions. Metformin 
significantly inhibited proliferation of both GLUTag and αTC1-9 cells, while 
pioglitazone inhibited proliferation of GLUTag, but not αTC1-9 cells.
Conclusion: The present study shows that insulin, Exendin-4 and sitagliptin 
stimulate proliferation of GLP-1-secreting cells without effects on glucagon-
secreting cells. Metformin suppresses proliferation of both GLP-1- and glu-
cagon-secreting cells. Since serum GLP-1 levels are decreased in type 2 dia-
betic patients, the mitogenic stimulation of GLP-1-producing cells by insulin, 
Exendin-4 and sitagliptin noted here suggests a novel beneficial long term 
effect of these antidiabetic drugs in clinical practice, i.e. by augmenting the 
incretin effect, and understanding the mechanism of this stimulation would 
be of great importance for the treatment of diabetes. Likewise, the inhibitory 
influence of metformin on the proliferation of glucagon-secreting cells may 
benefit diabetic patients treated with this drug, as relative hyperglucagonemia 
contributes to impaired glycemic control in type 2 diabetes.
Supported by: an EFSD/Amylin grant; Stiftelsen Olle Engkvist Byggmästare
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584
GPR119 activation regulates glucose homeostasis through mechanisms 
requiring incretin receptor activation
G.B. Flock1, D. Holland1, D.J. Drucker2; 
1Samuel Lunenfeld Res Institute, 2IMS, Samuel Lunenfeld Res Institute, 
Toronto, Canada.

Background and aims: The mechanisms through which nutrients regulate 
peptide hormone secretion from enteroendocrine cells remains poorly un-
derstood. Oleoylethanolamide (OEA) activates incretin secretion via the 
GPR119 G protein coupled receptor originally detected on islet beta-cells. 
Although administration of OEA and synthetic GPR119 agonists (GPR119A) 
reduces glycemic excursion in preclinical studies in association with en-
hanced incretin and insulin secretion, the importance of GLP-1 and GIP for 
the glucoregulatory actions transduced through GPR119 remain unclear. We 
have now examined the importance of GIP and GLP-1 receptor signaling for 
glucoregulation and satiety mediated by GPR119A through studies of the 
mechanisms of action of GPR119 agonists in WT and double incretin recep-
tor knockout (DIRKO) mice.
Materials and methods: The actions of a selective GPR119 agonist(GPR119A) 
were assessed in oral and intra-peritoneal glucose tolerance tests in DIRKO 
and age and sex-matched C57Bl6 mice. Experimental endpoints included 
plasma glucose, insulin, GLP-1, GIP and glucagon. Gastric emptying rate was 
assessed by the acetaminophen assay in mice treated acutely with GPR119A 
in the presence or absence of the DPP-4 inhibitor Sitagliptin. The effect of 
GPR119 activation on food intake was assessed in WT C57Bl6, Glp1r-/- and 
littermate control mice. Statistical analysis was determined using ANOVA.
Results: Oral administration of GPR119A improved glucose homeostasis and 
augmented plasma levels of both GLP-1 and insulin during an OGTT in WT 
mice. In contrast, although enteral glucose stimulated GLP-1 and insulin se-
cretion in DIRKO mice, concomitant treatment with GPR119A failed to low-
er glucose in DIRKO mice. Unexpectedly, oral administration of GPR119A 
failed to control glucose homeostasis in WT mice during an IPGTT despite 
an increase in circulating insulin and GLP-1. Acute GPR119 activation signif-
icantly reduced the rate of gastric emptying when co-administered with the 
DPP-4 inhibitor sitagliptin and this effect was independent of GLP-1 action 
as it remained detectable in Glp1r-/- mice. Moreover, GPR119A significantly 
but transiently reduced food intake in WT C57Bl6 mice however GPR119A 
failed to reduce food intake in mice on a metformin-sitagliptin diet.
Conclusion: Our findings suggest that oral administration of nutrients (glu-
cose), together with intact incretin receptor signaling, is required for trans-
duction of the glucoregulatory actions of GPR119A. Hence, under the experi-
mental conditions utilized, direct GPR119A activation of the islet beta-cell is 
not sufficient to fully control glucose homeostasis in the absence of functional 
incretin receptors in mice.
Supported by: CIHR

585
Ileal interposition surgery increases circulating GLP-1 and PYY 
responses and delays diabetes onset in a novel rat model of type 2 
diabetes mellitus, the UCD-T2DM rat
B. Cummings1, A.D. Strader2, J.L. Graham1, K.L. Stanhope1, P.J. Havel1; 
1Veterinary Medicine: Molecular Biosciences, University of California, 
Davis, 2Department of Physiology, Southern Illinois University School of 
Medicine, Carbondale, United States.

Background and aims: Bariatric surgery often results in resolution of type 2 
diabetes mellitus (T2DM). While the mechanisms for diabetes resolution re-
main undefined, recent studies suggest that endocrine mechanisms may have 
an important role. Bypass of the proximal intestine increases secretion of 
glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), gut hormones that 
influence energy and glucose homeostasis, in part by increasing the delivery 
of less completely digested nutrients to the distal intestine. Ileal interposition 
(IT) surgery involves transposing a 10 cm segment of ileum into the proximal 
intestine and provides a model whereby the effects of bariatric surgery on gut 
hormones can be isolated. We hypothesized that IT surgery would delay the 
onset T2DM in UCD-T2DM rats, a model of polygenetic obese T2DM more 
similar to T2DM in humans than other existing rodent models, in part by 
increasing nutrient-stimulated GLP-1 and PYY release.
Materials and methods: IT (n=18) or sham surgery (n=19) was performed 
on 4 month old UCD-T2DM rats weighing ~580 g. All animals underwent 

an oral glucose tolerance test (OGTT) 1 month after surgery. 10 animals from 
each group were euthanized 2 months after surgery for tissue analyses. The 
rest were followed until onset and underwent insulin tolerance (ITT) and oral 
fat tolerance tests (OFTT) at 2.5 and 3.5 months after surgery, respectively. 
Diabetes onset was determined by weekly non-fasted blood glucose (<200 
mg/dl).
Results: At this point in the study, sham animals have higher diabetes in-
cidence (78%) and earlier age of onset (262 ± 12 days) compared with IT 
(63% and 349 ± 22 days; P<0.01). Body weight and food intake do not differ 
between groups. During OGTT, IT animals exhibited lower glucose (AUC: 
Sham = 15141 ± 1317, IT = 10972 ± 790 mg/dl x 120 min; P<0.01) and insulin 
excursions (AUC: Sham = 142 ± 17, IT = 115 ± 11 ng/ml x 120 min; P<0.01) 
and greater active GLP-1 secretion (AUC: Sham = 53 ± 14, IT = 211 ± 23 pM 
x 60 min; P<0.01). Since the position of the duodenum remains unchanged 
after both surgeries, as expected, GIP excursions were not different between 
groups (AUC: Sham = 9863 ± 537, IT = 10121 ± 447 pg/ml x 60 min). IT 
animals also exhibit improved insulin sensitivity. Plasma glucose levels fall 
by 19 ± 3% in IT animals compared with 8±4% in Sham animals 45 min after 
insulin administration (P<0.05). Total PYY excursions during OFTT were 
4-fold greater in IT animals (AUC: Sham = 4704 ± 1175, IT = 19670 ± 3367 
pg/ml x 180 min; P<0.01). While body weight only tended to be lower in IT 
animals, the retroperitoneal (Sham: 12 ± 1 g, IT: 9 ± 1 g; P<0.05) and epididy-
mal (Sham: 9 ± 1 g, IT: 7 ± 1 g, P<0.05) fat pads weighed significantly less in 
IT animals. In addition, peak mesenteric adipocyte volume was almost two-
fold smaller in IT animals (Sham: 409 ± 31, IT: 268 ± 27 pl; P<0.01), whereas 
subcutaneous adipocyte size did not differ between groups.
Conclusion: Thus, IT surgery improves glucose tolerance and insulin sen-
sitivity and delays the onset of T2DM in UCD-T2DM rats, which may in 
part be due to increased nutrient-stimulated release of GLP-1 and PYY, and 
decreased mesenteric adipocyte size.
Supported by: NIH
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PS 39 Hypoglycaemia in type 1 
diabetes
586
Do patients with greater glycaemic variability on continuous glucose 
monitoring have a greater risk of subsequent hypoglycaemia?
P. Choudhary1, A. Finlayson1, S. Heller2, S.A. Amiel1; 
1Department of Diabetes, King’s College London, 2Department of Diabetes, 
University of Sheffield, United Kingdom.

Background and aims: Measures of glycaemic variability derived from 1 
month of home capillary glucose testing are reported to predict risk of subse-
quent hypoglycaemia. It is not known if much shorter (48 hours) exposure to 
much more detailed glucose information available with continuous glucose 
monitoring (CGM) will likewise predict risk of hypoglycaemia. . There is also 
no consensus on which measure of variability provides the best indicator of 
an individual’s subsequent hypoglycaemia risk. Aims: To determine if 3 days 
of CGM (a single sensor) can identify patients at an increased risk of hypogly-
caemia in the following year.
Materials and methods: 75 patients with type 1 diabetes from the UK Hy-
poglycaemia study [HbA1c 7.5 ( 0.9%) diabetes duration either <5 years or 
>15 years] had a session of CGM and prospective documentation of severe 
and symptomatic hypoglycaemia over the subsequent 9 months From the first 
complete 48 hours of CGM from each subject, measures of variability (Low 
Blood Glucose Risk Index (LBGI); High Blood Glucose Risk index (HBGI); 
Blood glucose Risk Index (BGRI) and Continuous Overall Net Glycaemic ac-
tion (CONGA)) were calculated. Correlations between different measures of 
variability, HbA1c and subsequent hypoglycaemia risk were calculated.
Results: Glycaemic variability was greater in the longer duration group and 
was significantly correlated with HbA1c (CONGA1 r= 0.35; p=0.003). CON-
GA and BGRI showed strong correlation with each other ( r= 0.691; p<0.001) 
but there was poor agreement between measures of variability in identifying 
those with the highest degree of variability (kappa 0.3 between BGRI and 
CONGA), with both measures only agreeing in 9/17 of those in the highest 
quartile of variability.. Only glycaemic variability measured by CONGA was 
significantly correlated with risk of severe (r = 0.3; p= 0.016) and sympto-
matic (r = 0.41; p< 0.001) hypoglycaemia CONGA1 < 30 was associated with 
minimal risk of severe hypoglycaemia over the following year.
Conclusion: Some measures of variability taken from 48 hours of CGM can 
identify patients at high risk of severe hypoglycaemia over the next 9 months 
and may identify patients needing treatment to be focussed towards avoid-
ance of hypoglycaemia and reduction of hypoglycaemia risk.

587
Improvement in hypoglycaemia awareness and amelioration if glycaemic 
profile using CSII in type 1 diabetic subjects with repeated severe 
hypoglycaemia
I. Conget1,2, M. Lara1,2, M. Mora1, M. Giménez1,2; 
1Endocrinology and Diabetes Unit, Hospital Clínic i Universitari, 2CIBER de 
Diabetes y Enfermedades Metabólicas Asociadas (CIBERDEM), Barcelona, 
Spain.

Intensive insulin therapy significantly reduces the risk of complications in 
subjects with type 1 Diabetes (T1D) and represents the standard treatment 
from the onset of the disease. However, it is associated with a higher risk of 
non-severe (NS) and severe hypoglycaemic episodes (SH).
Aim: To evaluate the long-term effect of CSII on hypoglycaemia awareness 
and on glucose profile in T1D subjects with repeated NS/SH.
Methods: Subjects with: Age >18-years, T1D duration >5 years, on multi-
ple doses of insulin, with an absence of micro/macrovascular complications 
and >4 NS/week (last 8-weeks) and >2 SH (last 2-years) were included. The 
number of NS/SH episodes were registered. Hypoglycaemia awareness was 
also evaluated (Clarke’s test). A 72h continuous glucose monitoring (CGM) 
was performed before starting CSII. Quality of life (QoL) assessment was also 
performed. After 6, 12 and 18-months, all the subjects were reevaluated.
Results: 29 subjects were included. Twenty started CSII (aged 34.4±7.5 
years; 13 women, A1c 6.7±1.1%) and 9 declined. At baseline 19/20 subjects 
displayed hypoglycaemia unawareness which diminished significantly dur-
ing the follow-up (3/20). NS episodes/week diminished from 5.40±2.09 
at baseline to 3.80±2.23 at the end of the study (p<0.02). SH episodes fell 
from 1.30±0.47 per-subject-year at baseline to 0.05±0.22 after 18-months 

(p<0.001). HbA1c remained unaltered. Considering CGM, the percentage of 
values within 70-180mg/dl significantly increased (53.1±10.9 to 65.9±17.6; 
p<0.01), the percentage below 70mg/dl significantly decreased (13.7±9.4 to 
9.5±5.5; p<0.05) and the area <70mg/dl significantly decreased (2.45+1.90 to 
1.36+1.61; p<0.05) after 18-months. In addition, considering SD from CGMS 
it also decreased at the end of follow-up (63.7+14.5 to 52.3+14.5; p<0.05). An 
improvement in nearly all the aspects of QoL was observed. In the group of 
9 subjects who declined CSII we did not observe any change neither in the 
number of NS/SH, nor in hypoglycemia awareness.
Conclusion: CSII prevents hypoglycaemic episodes, improves hypogly-
caemia awareness and ameliorates glycaemic profile for a lasting period in 
T1D subjects with repeated NS/SH. Likewise; its use is associated with an 
improvement in diabetes QoL.
Supported by: Proyecto FIS 2006 060250, Ministerio de Sanidad y Consumo, 
Spain

588
ACTH stimulation test in patients with type 1 diabetes and recurrent 
severe hypoglycaemia
P.L. Kristensen1, U. Pedersen-Bjergaard1, H. Beck-Nielsen2, K. Nørgaard3, 
H. Perrild4, J.S. Christiansen5, T. Jensen6, H.-H. Parving6, B. Thorsteinsson1, 
L. Tarnow7; 
1Department of Cardiology and Endocrinology, Hillerød Hospital, 
2Department of Endocrinology, Odense University Hospital, 3Department of 
Endocrinology, Hvidovre University Hospital, Copenhagen, 4Department of 
Endocrinology, Bispebjerg University Hospital, Copenhagen, 5Department 
of Endocrinology, Aarhus University Hospital, 6Department of Medical 
Endocrinology, Rigshospitalet, Copenhagen, 7Steno Diabetes Center, 
Gentofte, Denmark.

Background and aims: Adrenal insufficiency increases insulin sensitivity. 
This may increase the risk of hypoglycaemia in patients with type 1 diabetes. 
However, data on the prevalence of adrenal insufficiency are very limited. The 
primary aim of the study was to determine the prevalence of undiagnosed 
adrenal insufficiency in patients with type 1 diabetes and recurrent severe 
hypoglycaemia.
Materials and methods: Cross-sectional data from a clinical trial investi-
gating the effect of human insulin vs. insulin analogues on the frequency of 
severe hypoglycaemia. Patients with type 1 diabetes for minimum five years 
and at least two episodes of severe hypoglycaemia (defined as the need of 
assistance from another person to normalise blood glucose) in the previous 
year were enrolled in the study. At entry, an ACTH stimulation test (Syn-
acthen®, 0,25 mg i.v.) was performed. Basal and stimulated (after 30 minutes) 
serum cortisol was measured in all patients.
Results: 128 patients were included (age 53 (13) years (mean (SD)), age at 
diagnosis of diabetes 23 (13) years, duration of diabetes 30 (13) years, 60% 
men). Mean (SD, range) basal serum cortisol concentration was 452 nM (120; 
119-894). Mean stimulated serum cortisol concentration was 731 nM (125; 
515-1134). Delta cortisol was 279 nM (95; 74-614). None of the patients had 
adrenal insufficiency (defined as stimulated serum cortisol < 500 nM). Stim-
ulated but not basal serum cortisol was significantly higher in women than 
in men (2 women taking oral contraceptives excluded), p=0.001. Basal and 
stimulated serum cortisol were neither associated with age (r2=0.02, p=0.1 
and r2=0.028, p=0.06, respectively) nor with duration of diabetes (r2=0.002, 
p=0.59 and r2=0.0002, p=0.87, respectively). In an analysis adjusted for sex, 
age and duration of diabetes as explanatory variables basal serum cortisol 
was significantly positively associated with age (1.97 nM/year, p=0.039), 
while stimulated serum cortisol was significantly associated with age (1.94 
nM/year, p=0.038) and sex (75 nM/female, p=0.001).
Conclusion: Adrenal insufficiency as a contributory factor in development of 
recurrent severe hypoglycaemia is rare. ACTH stimulation test seems justi-
fied only when other signs of adrenal insufficiency are present (e.g. increased 
insulin sensitivity, common symptoms and signs, etc).
Supported by: Novo Nordisk A/S
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589
Sustained reduction of biochemical, clinical and severe hypoglycaemia 
with extended CGM use: results of JDRF CGM six month extension study
B. Bode1, I.B. Hirsch2, the Juvenile Diabetes Research Foundation 
Continuous Glucose Monitoring Research Group; 
1Atlanta Diabetes Associates, 2University of Washington, Seattle, United 
States.

Background and aims: A potential value of continuous glucose monitoring 
(CGM) is to reduce biochemical hypoglycemia, which is commonly observed 
in patients with well-controlled type 1 diabetes.
Materials and methods: 83 of 86 subjects ≥25 years old randomized to CGM 
use in the JDRF CGM randomized clinical trial were followed for 12 months. 
After 12 months, all but one subject was still using CGM, averaging 6.0±1.6 
days/week. HbA1c levels (7.1% at baseline) were reduced to 6.8% at 6 and 
6.9% at 12 months (P<0.001 at each time point compared with baseline).
Results: The mean amount of time (minutes) per day in the hypoglycemic 
range decreased from baseline to 6 months and remained decreased at 12 
months (see table below). 

Baseline 6 months 12 months p-value*
CGM Glucose (min/day)
<70 mg/dL 81 69 65 0.06
<60 mg/dL 44 30 28 0.003
<50 mg/dL 23 12 11 0.002
*comparing change from baseline to 12 months

A similar trend was seen both in subjects whose baseline HbA1c was >7.0% 
and in those whose baseline HbA1c was <7.0%. A decrease in time in the hy-
poglycemic range occurred both for daytime and nighttime. The decrease in 
the frequency of biochemical hypoglycemia was accompanied by a reduction 
in the rate of severe hypoglycemic events. The rate of severe hypoglycemia 
was 21.8 events per 100 person-years in the first 6 months and 7.1 events 
per 100 person-years in the last six months. Indeed, in subjects with baseline 
HbA1c <7.0 % who had 23.6 events per 100 person-years during the first 
6 months, there were no episodes of severe hypoglycemia during the last 6 
months even though mean HbA1c levels remained unchanged at 6.4%.
Conclusions: CGM provides an effective means to achieve and maintain target 
HbA1c levels for up to 12 months in association with a substantial reduction in 
the frequency of biochemical hypoglycemia in intensively treated adults with type 
1 diabetes. More experience with the devices and reduced exposure to biochemi-
cal hypoglycemia with associated improvements in counter-regulatory response 
may have contributed, in turn, to the extraordinarily low rates of severe hypogly-
cemic events that were observed during the second 6 months of sensor use.
Supported by: JDRF

590
Insulin-like growth factor-1 as a risk marker for severe hypoglycaemia in 
type 1 diabetes
L. Færch1, A. Juul2, U. Pedersen-Bjergaard1, B. Thorsteinsson1; 
1Dept of Cardiology and Endocrinology, Hillerød University Hospital, 
2Rigshospitalet, University of Copenhagen, Denmark.

Background and aims: Low levels of circulating insulin-like growth factor-
1 (IGF-1) are associated with increased risk of severe hypoglycaemia (SH) 
in pregnant women with type 1 diabetes, especially in early pregnancy. We 
studied whether a similar relationship between IGF-1 and SH exists in non-
pregnant people with type 1 diabetes.
Materials and methods: A total of 267 patients with type 1 diabetes were 
recruited from our outpatient clinic. Information about demography and 
diabetes was collected at baseline along with blood samples. The participants 
were followed for one year during usual diabetes treatment. Participants were 
instructed to phone a trained diabetes nurse within 24h in case of severe hy-
poglycaemia. The nurse performed a detailed interview with the participant 
to validate if the episode was actually caused by severe hypoglycaemia. Also, 
participants were interviewed about mild hypoglycaemia and hypoglycaemia 
awareness. Biochemical hypoglycaemia (blood glucose < 3.0 mmol/l) was as-
sessed by monthly self-monitored 5-point blood glucose profiles.
Results: During the study 257 episodes of severe hypoglycaemia (1.0 episode 
per patient-year) were reported by 89 patients (33%). Serum IGF-1 was 112 

(36-479) ng/ml (median (range)). IGF-1 was not associated with occurrence 
of severe hypoglycaemia in the entire cohort (r2=0.002, p=0.52) or in any of 
the two sexes when analysed separately. Median serum IGF-1 levels were 112, 
101, and 119 ng/ml in patients without SH (n=177), with 1 SH (n=43), and 
with ≥2 SH (n=47), respectively. Levels of IGF-1 were positively, but weakly, 
associated with frequency of biochemical hypoglycaemia (p=0.045), but not 
when corrected for HbA1c level. IGF-1 levels were neither associated with 
frequency of mild hypoglycaemia (p=0.36) nor hypoglycaemia awareness 
(p=0.37). 
Conclusion: Although low levels of IGF-1 are associated with increased risk 
of SH in pregnant women with type 1 diabetes, IGF-1 levels are not associ-
ated with a hypoglycaemic phenotype in non-pregnant people with type 1 
diabetes.
Supported by: an EFSD/JDRF/Novo Nordisk grant; Foundations of Harald 
Jensen and wife, Region 3, Tvergaard, and Frederiksborg Amt
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Hypoglycaemia unawareness in patients with diabetes - could galvanic 
skin response (GSR) measurements provide the answer?
B. Krishnan, D.E.H. Flanagan; 
Diabetes and Endocrinology, Derriford Hospital, Plymouth, United 
Kingdom.

Background and aims: Hypoglycaemia Unawareness (HU), which occurs 
in approximately 25% of patients with type 1 Diabetes (T1DM), is the main 
limiting factor in obtaining tight blood sugar control and therefore, prevent-
ing or delaying onset of complications related to diabetes in these patients. 
Reduced autonomic nervous system (ANS) responses, presumed to be sec-
ondary to recurrent exposure to cortisol and / Corticotrophin releasing hor-
mone are two of the several theories implicated in the pathogenesis of HU. 
Measurements of GSR can be used to represent the ANS function, especially 
the peripheral sympathetic system. The aim of this study was to measure dif-
ferences in GSR and therefore, the differences in ANS responses to recurrent 
hypoglycaemia, in healthy subjects and those with disorders of the hypotha-
lamic-pituitary-adrenal (HPA) axis.
Materials and methods: We used a 2 day model of recurrent hypoglycaemia 
using the hyperinsulinaemic hypoglycaemic clamp technique in two groups 
of subjects. Group 1 included 11 healthy subjects (age - 41.77 ± 13.72 years, 
BMI - 24.08 ± 2.86). Group 2 included 7 patients with abnormalities of the 
HPA axis (age - 46.77 ± 10.87, BMI 26.18 ±2.27). Group 2 included 1 patient 
with secondary adrenal failure and 6 patients with primary adrenal failure. All 
patients were on appropriate replacement therapy and took double their nor-
mal hydrocortisone dose on both the days of the study. All subjects provided 
written consent for the study, which was approved by the regional and local 
research ethics committee. GSR was measured using GSR100C module of the 
MP150 BIOPAC system. Two Ag-AgCl skin conductance electrodes (TSD203) 
were attached to the pulps of second and third fingers and GSR recorded us-
ing a portable system. Biopac isotonic gel (GEL 101) was used to ensure good 
contact and the subjects wore the electrodes for minimum of 5 minutes before 
registration was commenced. The data thus sampled was stored and analyzed 
digitally using AcqKnowledge software. All subjects underwent clamp studies 
lasting for 4 hours; this included 30 minutes of euglycaemia (Blood sugar ≈ 
4.5 mmol/l), 120 minutes of hypoglycaemia (Blood sugar ≈ 2.5 mmol/l) and 
the final 60 minutes of euglycaemia. Both the initial shift from euglycaemia to 
hypoglycaemia and the recovery phase from hypoglycaemia to euglycaemia 
lasted 15 minutes.
GSR was recorded on 3 occasions during each study - 1) at baseline prior to 
starting the study 2) during the phase of hypoglycaemia and 3) during the 
second phase of euglycaemia. Peak GSR responses refers to the maximum 
GSR responses recorded for any subject during each day of the study.
Results: The peak GSR responses between day 1 and day 2 were significantly 
different in healthy subjects (p = 0.04) compared to patients (p = 0.18) with 
the responses being higher on day 2 than day 1 (10.58 ± 5.19 μmho vs 8.59 ± 
4.94 μmho). In the patients, the peak GSR on day 1 was 6.33 ± 2.42 μmho and 
on day 2 was 5.11 ± 2.81 μmho.
Conclusion: The reduced GSR responses to hypoglycaemia in patients with 
disorders of the HPA axis following exposure to recurrent hypoglycaemia, 
suggest that their altered HPA axis may be responsible for their reduced ANS 
responses. This supports the theory that HPA axis dysregulation could ac-
count for HU in those with recurrent hypoglycaemia. GSR measurements 
could therefore be potentially used to study altered ANS responses in patients 
with diabetes.
Supported by: JDRF
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Severity of self-reported hypoglycaemia and quality of life in patients 
with type 2 diabetes mellitus treated with oral anti-hyperglycaemic 
agents
E. Marrett, L. Radican, Q. Zhang; 
Global Outcomes Research, Merck & Co., Whitehouse Station, United 
States.

Background and aims: Oral anti-hyperglycemic agents (OAHAs), especially 
sulfonylureas (SU), may increase risk of hypoglycemia and thereby reduce 
patient quality of life. Our objective was to assess the impact of self-reported 
hypoglycemia on health-related quality of life (HRQoL) among patients with 
type 2 diabetes mellitus (T2DM) treated with OAHAs.
Materials and methods: A follow-up survey was conducted among 2008 par-
ticipants with self-reported T2DM treated with OAHAs only from the US 
National Health and Wellness Survey 2007.Data were collected on the sever-
ity and frequency of hypoglycemic episodes with severity defined as mild (no 
interruption of activities), moderate (some interruption of activities), severe 
(needed assistance of others), or very severe (needed medical attention). HR-
QoL was assessed using the EQ-5D US weighted summary score (utility) and 
Worry subscale of the Hypoglycemia Fear Survey (HFS).
Results: Mean age was 58 (± 11) years, 57% were male, and 72.2% reported 
HbA1C goal attainment (<7%). The proportions of patients on SU mono-
therapy, SU combination therapy, and other treatment regimens were 10.7%, 
39.7%, and 49.6%, respectively. Hypoglycemic episodes, in the 6 months 
prior to the survey, were reported by 61.6% of patients (45.6% mild, 37.4% 
moderate, 13.2% severe and 3.8% very severe). For patients reporting hy-
poglycemia, mean utility score was 0.08 lower (0.78 versus 0.86, p<.0001), 
and mean HFS score was 11.3 higher (17.5 versus 6.2, p<.0001), compared to 
patients with no symptoms. Differences in mean scores between those with 
and without hypoglycemia increased with severity for utility (0.03, 0.09, 0.18, 
0.23) and HFS (6.1, 13.9, 20.1, 25.6). After adjusting for age, gender, weight 
gain, microvascular and macrovascular complications, the utility decrement 
was 0.045 (by severity: 0.008, 0.055, 0.131, 0.209), and the HFS increase was 
9.6 (by severity: 5.3, 12.4, 17.6, 23.2). HRQoL further decreased with higher 
frequency of hypoglycemic episodes.
Conclusion: Self-reported hypoglycemia is independently associated with 
lower HRQoL, and the magnitude of this reduction increases with both se-
verity and frequency of episodes.
Supported by: Merck & Co., Inc.
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13C magnetic resonance spectroscopy of cerebral glucose metabolism 
during acute mild hypoglycaemia in humans
K.C.C. van de Ven1, B.E. de Galan2, M. van der Graaf1, A. Heerschap1,  
C.J.J. Tack2; 
1Radiology, Radboud University Nijmegen Medical Centre, 2General 
Internal Medicine, Radboud University Nijmegen Medical Centre, 
Netherlands.

Background and aims: Normal brain function requires constant supply of 
glucose and may thus be jeopardized by insulin-induced hypoglycemia. Hy-
poglycemia causes profound effects on brain physiology, however its effect 
on metabolism of glucose in the brain is largely unknown. The aim of this 
study was to investigate the effect of acute hypoglycemia on cerebral glucose 
metabolism in humans in vivo using 13C magnetic resonance spectroscopy 
(MRS).
Materials and methods: Eight healthy volunteers underwent 13C MRS meas-
urements during 120-minute hyperinsulinemic (60 mU/min/m2) euglycemic 
and hypoglycemic glucose clamps, performed in random order on separate 
days. [1-13C]glucose was infused during the clamps to increase plasma 13C 
isotopic enrichment, required to enable 13C MRS. Measurements were per-
formed at a magnetic field strength of 3T in a 125 ml voxel in occipital brain 
tissue, with a TR of 2s and a duration of 2.5 minutes per scan. Arterial blood 
was sampled every 5 minutes for the measurement of plasma glucose and 
plasma 13C enrichment, and every 30 minutes for the measurement of coun-
terregulatory hormone levels. MR spectra were analyzed to assess cerebral 
concentrations of the glucose metabolite isotopomers glutamate, glutamine, 
aspartate and lactate. All metabolite concentrations were corrected for plas-
ma 13C enrichment.

Results: Plasma glucose levels were 5.2±0.1 mmol/l during euglycemia and 
3.0±0.2 mmol/l during hypoglycemia. Arterial plasma levels of glucagon 
(77.0±41.9 vs. 27.6±5.1 pmol/L), adrenaline (4.84±2.51 vs. 0.41±0.12 nmol/
L), noradrenaline (1.96±0.64 vs. 1.14±0.31 nmol/L) and cortisol (0.89±0.21 
vs. 0.42±0.13 μmol/L) were all significantly higher under hypoglycemic than 
under euglycemic conditions (all P<0.01). Plasma 13C isotopic enrichment 
remained stable at 35±1% during euglycemia and at 30±1% during hypogly-
cemia. The quality of the 13C-MR spectra was good under both conditions. 
After correction for plasma isotopic enrichment, label incorporation into the 
first glucose-derived metabolites Glutamate C4 and Glutamine C4 did not 
differ between euglycemia and hypoglycemia (figure). There were also no dif-
ferences for glutamate C3 and C2, glutamine C3 and C2, aspartate and lactate.
Conclusion: Despite significant enhancement of counterregulatory hormone 
responses, overall cerebral glucose metabolism appears unaltered during in-
sulin-induced hypoglycemia in vivo in healthy humans. These data indicate 
that the human brain is able to maintain normal overall glucose metabolism 
despite a considerable fall in glucose delivery.

Figure: Incorporation of the 13C label inglutamate C4 (diamonds) and 
glutamine C4 (triangle) for a euglycemic (black) and hypoglycemic (grey) 
clamp, corrected for 13C enrichment of plasma glucose. Mean ±SEM.

Supported by: Dutch Diabetes Research Foundation and NIH
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Somatostatin type 2 receptor antagonism improves glucagon and 
corticosterone counterregulation to hypoglycaemia in STZ-diabetic rats
J.T.Y. Yue1, E. Burdett1, D.H. Coy2, S. Efendic3, M. Vranic1; 
1Physiology, University of Toronto, Canada, 2Medicine, Tulane University, 
New Orleans, United States, 3Molecular Medicine and Surgery, Karolinska 
Institutet, Stockholm, Sweden.

Background and aims: The pancreatic α-cell glucagon response to a variety 
of stimuli including exercise, arginine, and neurogenic stress is normal, or 
even excessive, in diabetic subjects. However, we suggest that the markedly 
diminished glucagon responsiveness to hypoglycemia is mainly due to exces-
sive insulin delivery since insulin suppresses glucagon release. The lack of 
glucagon response may be due to a lack of decrement of intraislet insulin, in-
creased α-cell sensitivity to exogenous insulin, or chronic hyperglycemia. The 
impaired α-cell response to hypoglycemia may also be due, in part, to aug-
mented circulating and especially pancreatic somatostatin (SST) in diabetic 
humans and animals. Presently, we hypothesize that since glucagon release is 
inhibited in part due to the inhibitory effect of excessive SST, a SST receptor 
type 2 antagonist (SSTR2a), BIM23458, will normalize the glucagon response 
to hypoglycemia. SST inhibits glucagon secretion via SSTR2 on α-cells.
Materials and methods: Non-diabetic (N) and STZ-diabetic (D) Sprague-
Dawley rats underwent 3h of insulin-induced hypoglycemia (10 U/kg, sc) 
clamped at 2.5±0.5 mM.
Results: Expectedly, D rats had a greatly attenuated glucagon response to 
hypoglycemia (P<0.007). To evaluate the inhibition of SST suppression on 
glucagon release during hypoglycemia, diabetic rats were given iv SSTR2a 
(D+SSTR2a) at both 1.5 or 3.0 mmol/kg/h for 1h before and 3h after insulin 
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injection. These groups showed a dose-dependent increase of glucagon such 
that the latter dose fully restored the glucagon response (N: 325±63, n=9; D: 
98±19, n=9; D+SSTR2a: 384±67, n=18; AUC responses, P<0.002). Further-
more, the attenuated corticosterone response in D rats (P<0.002) was also 
enhanced by SSTR2a (N: 59±5; D: 30±3; D+SSTR2a: 46±9; AUC responses, 
P<0.05), presumably because SST inhibits the secretions of hormones of the 
hypothalamo-pituitary-adrenal axis, CRH and ACTH. Thus, antagonism of 
SSTR2 potentiates not only glucagon but also corticosterone counterregula-
tion. To evaluate the effect of 4h SSTR2a infusion per se, plasma glucagon, 
corticosterone, and glycemia were measured in N, D, and D+SSTR2a (n=6/
group) without hypoglycemia. Glucagon, corticosterone, and glycemia were 
unaltered in these groups. It is known that SSTR2 in the α-cell is coupled to 
the L-type high threshold calcium channel, which is responsible for stimu-
lated secretion of glucagon, but not the N-type calcium channel, which medi-
ates basal glucagon secretion, and we presently demonstrate that antagonism 
of SSTR2 enhances hypoglycemia-stimulated, but not basal, glucagon or corti-
costerone release in diabetic rats and that SSTR2a does not affect glycemia in 
the absence of hypoglycemia. D exhibit 60-70% more plasma and pancreatic 
SST than N, regardless of hypoglycemia. SSTR2a did not significantly affect 
plasma or pancreatic content of SST.
Conclusion: This data supports our hypothesis that increased SST may con-
tribute to impaired glucagon and corticosterone responsiveness to hypoglycemia 
and that its selective inhibition normalizes glucagon, and improves corticos-
terone, counterregulation. Intervention to improve counterregulation will de-
crease the threat in those at risk of hypoglycemia.
Supported by: Canadian Diabetes Association and NSERC grants (MV); CIHR 
Doctoral Research Award (JTYY)
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The cingulate cortex is activated by acute but not recurrent 
hypoglycaemia in rats - evidence for a role of limbic system in impaired 
responses to hypoglycaemia?
P.S. Hurst, S. Moore, P. Markkula, D. Lam, J. Shaw, C. Riches, L.K. Heisler, 
M.L. Evans; 
Metabolic research laboratories, Cambridge University, United Kingdom.

Background and aims: Some patients, particularly those with exposure to 
recurrent hypoglycaemia (RH) develop a debilitating loss of counterregulato-
ry (CR) neurohumoral defences to low glucose associated with symptomatic 
unawareness of hypoglycaemia (HU). Although hypoglycaemia sensing prob-
ably occurs predominantly in hypothalamus, it is unclear whether impaired 
CR/ HU is a consequence simply of altered hypothalamic glucose sensing 
or whether other brain areas, for example the limbic system contribute. We 
hypothesized that the cingulate cortex (CC), a cortical/limbic area involved 
in monitoring the internal milieu, would be activated by acute hypoglycaemia 
(AH) and, if so, that this activation would be abrogated with RH.
Materials and methods: 3 groups (n=4-5 for each) of male Sprague Daw-
ley rats (250-300g) were injected s.c. on three consecutive days as follows; 
(i) control (CON) had day 1-3 saline (ii) AH had day 1-2 saline and insulin 
(humulin S, 10 U/kg) on day 3 (iii) RH had day 1-3 insulin (humulin S, 10-6 
U/kg). The RH protocol was selected from our previous studies showing that 
this results in impaired CR. 120 minutes after injection on day 3, rats were 
perfused transcardially with fixative and brains were extracted and processed 
immunohistochemically for c-fos, a marker of neuronal activation, using a 
monoclonal antibody against rabbit c-Fos (1:10,000, Calbiochem) with one-
way ANOVA analysis and post hoc Tukey’s for multiple comparisons. The CC 
was subdivided into 2 anatomically separated areas (CC1 and CC2).
Results: As shown in the figure, AH induced an increase in c-fos staining 
within both the CC1 and CC2 compared with CON. In keeping with our 
hypothesis, this activation was markedly attenuated following RH. Looking 
for a similar pattern in other non-hypothalamic areas, we found a significant 
increase in c-fos activation with AH in the ectorhinal cortex, an area with 
projections to the CC, which was attenuated with RH. The adjacent perirhi-
nal cortex also demonstrated decreased c-fos activation with RH compared 
with AH.
Conclusion: In summary, our data show that the CC and connected brain 
areas are activated by hypoglycaemia with these responses being lost with 
RH, a pattern mimicking that of the development of impaired CR. These 
areas are not known to be direct glucose sensing areas but collectively are 
involved in memory and perception and sensing of physiological danger. We 
speculate that altered function in limbic areas may either contribute to the 
development of impaired CR and/ or contribute to the associated hypogly-
cemia unawareness.

Supported by: Sir Jules Thorn Charitable Trust, MRC, Wellcome Trust, James 
Baird and Frank Edward Elmore Funds
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Hypoglycaemia is related to mortality in the ICU
J.B.L. Hoekstra1, J. Hermanides1, R.J. Bosman2, T.M. Vriesendorp1,  
R. Dotsch3, F.R. Rosendaal4, D.F. Zandstra2, J.H. DeVries1; 
1Academic Medical Centre, Amsterdam, 2Onze Lieve Vrouwe Gasthuis, 
Amsterdam, 3Radboud University, Nijmegen, 4Leiden University Medical 
Center, Netherlands.

Background and aims: The world wide implementation of intensive insulin 
therapy in the intensive care unit (ICU) is accompanied by increased risk of 
hypoglycaemia. However, evidence about the impact of hypoglycaemia on 
ICU mortality is scarce and issue of ongoing debate.
Materials and methods: All 291 first episodes of hypoglycaemia (Glucose 
≤ 2.5 mmol/l) were derived from 155,195 glucose values in 5,983 patients 
admitted to an 18-bed medical/surgical ICU from 2004 to 2007. Readmis-
sions and patients with a withholding care policy were excluded. Patients 
were treated with a computerized insulin algorithm (target glucose range 4-7 
mmol/l). Using Poisson regression, the incidence rates (IR) for ICU death 
and incidence rate ratio (IRR) comparing exposure and non-exposure to hy-
poglycaemia, were calculated. To investigate whether hypoglycaemia might 
have a causal role in worsening patient outcome or might rather be a marker 
of severe disease, we corrected for severity of disease using daily Sequential 
Organ Failure Assessment (SOFA) score. Furthermore, age, sex and diabetes 
mellitus were included as possible confounders.
Results: Mean age was 65 ± 14 years, 35% was female and 6.7% of patients 
died in the ICU. The overall IR of ICU death was 18.8/1000 person days (PD). 
The IR of death in patients exposed to hypoglycaemia was 35.6/1000 PD, as 
compared to 16.9/1000 PD in patients without hypoglycaemia exposure. The 
corrected IRR was 1.6 (95% CI 1.2.-2.1), P< 0.001.
Conclusion: Hypoglycaemia is a strong predictor of ICU death, independent 
of severity of disease. This suggests a causal role for hypoglycaemia in ICU 
mortality. Hypoglycaemia is the prime side effect of intensive insulin therapy 
in the ICU.

597
Mechanisms of insulin resistance following hypoglycaemia in humans: 
the role of lipolysis induced by hypoglycaemia counterregulation
P. Rossetti, F. Porcellati, S. Pampanelli, P. Lucidi, P. Candeloro, A. Marinelli 
Andreoli, G. Perriello, G.B. Bolli, C.G. Fanelli; 
Internal Medicine, University of Perugia, Italy.

Background and aims: Changes in glucose metabolism that occur during 
counterregulation are, in part, mediated by increased plasma FFA as result of 
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hypoglycemia-activated lipolysis. However, it is not known whether FFA play 
a role in the development of post-hypoglycemic insulin resistance as well. To 
test the hypothesis that hypoglycemia-induced lipolysis plays a role in the 
pathogenesis of post-hypoglycemic insulin resistance, we conducted a series 
of studies in 8 healthy volunteers using acipimox, an inhibitor of lipolysis, in 
order to determine the metabolic effects on insulin action of prevention of in-
crease in FFA during hypoglycemia in normal volunteers. Insulin action was 
measured during 2 h hyperinsulinemic-euglycemic clamp (plasma glucose, 
PG, 5.1 mmo/l) from 5 to 7 pm, after volunteers had undergone a 3 h morn-
ing hyperinsulinemic glucose clamp (from 10 am to 1 pm) either euglycemic 
(S1) or hypoglycemic (PG 3.2 mmol/l, S2, S3, and S4) during which FFA lev-
els were either allowed to increase (S2) or suppressed by acipimox (S3) or 
replaced by infusing lipids (S4). [6,6-2H2]glucose was infused to measure PG 
fluxes in all studies.
Results: Plasma adrenaline, noradrenaline, GH and cortisol levels were not 
different (P>0.2). Glucose infusion rates (GIR) during the euglycemic clamp 
was reduced by morning hypoglycemia in S2 vs S1 (16.8±2.3 vs 34.1±2.2 
μmol.Kg-1.min-1, respectively, p<0.001). The effect was largely removed by 
blockade of lipolysis during hypoglycemia in S3 (28.9±2.6 μmol.Kg-1.min-

1, p>0.2 vs SI ), and substantially reproduced by replacement of FFA in S4 
(22.3±2.8 μmol.Kg-1.min-1, p<0.03 vs SI). Compared to S2, blockade of lipoly-
sis in S3 decreased endogenous glucose production (2±0.3 vs 0.85±0.1 μmol.
Kg-1.min-1, p<0.05) and increased glucose utilization (16.9±1.85 vs 28.5±2.7 
μmol.Kg-1.min-1, p<0.05). In S4 GIR fell by ~ 23% (22.3±2.8 μmol.Kg-1.min-1, 
vs S3, p=0.058) indicating a role of acipimox per se on insulin action.
Conclusion: In conclusion, lipolysis induced by hypoglycemia counterregu-
lation largely mediates post-hypoglycemic insulin resistance in healthy sub-
jects, with an estimate overall contribution of ~ 50%.

PS 41 Glucose metabolism - 
experimental
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Visualisation of protein-protein interactions of glucokinase in living cells
C. Arden1, K.S. Langlands1, T.K. Kerppola2, F.M. Matschinsky3, L. Agius1; 
1Institute of Cellular Medicine, Newcastle University, Newcastle Upon 
Tyne, United Kingdom, 2Department of Biological Chemistry, University 
of Michigan, Ann Arbor, 3Department of Biochemistry, University of 
Pennsylvania School of Medicine, Philadephia, United States.

Background and aims: Several binding proteins of glucokinase (GK) have 
been identified from independent studies. The liver-specific regulatory pro-
tein GKRP sequesters GK in the nucleus at basal glucose concentrations, 
whilst PFK2/FBPase2 is thought to interact with GK in the cytoplasm in both 
liver and pancreatic beta cells. However, little is known regarding the regula-
tion of the GK-PFK2/FBPase2 interaction at the cellular level.
Materials and methods: The interaction between GK and PFK2/FBPase2 was 
investigated using Bimolecular Fluorescence Complementation (BiFC). GK, 
FBPase2 and PFK2/FBPase2 were tagged with either N- (YN155) or C-ter-
minal (YC155) YFP halves at the C-terminus and transiently co-expressed in 
Cos1, WRL68 and MIN6 cells. Interactions between GK and PFK2/FBPase2 
were also investigated in primary hepatocytes and MIN6 using a proximity 
ligation assay.
Results: Using the BiFC assay a direct interaction between GK and PFK2/
FBPase was visualised as a clear fluorescent signal in the cytoplasm of Cos1, 
WRL68 and MIN6 cell lines. Removal of the PFK2 domain did not alter the 
interaction, consistent with binding of GK to the FBPase2 domain. Deletion 
of the GK interaction interface on FBPase2 (SLKVWT) eliminated the cyto-
plasmic signal confirming specificity. Two MODY-2 GK mutants which show 
decreased cellular stability when expressed in a beta-cell system, showed low-
er levels of interaction with PFK2/FBPase2, quantified as <50% of wild-type 
GK with respect to YFP intensity and frequency of signal. Studies of the adap-
tive changes in binding of GK to PFK2/FBPase2 in hepatocytes and MIN6 
showed that in primary hepatocytes expressing endogenous GKRP, binding 
of GK to PFK2/FBPase2 was enhanced by high glucose and pharmacological 
GK activators and counteracted by resorcinol, which counteracts transloca-
tion of GK from the nucleus, and by dibutyryl-cAMP, which lowers fructose 
2,6-bisphosphate. The interaction between GK and PFK2/FBPase2 in MIN6 
beta cells was also enhanced by high glucose and counteracted by dibutyryl-
cAMP, indicating adaptive changes in binding of GK to PFK2 independently 
of GKRP.
Conclusion: This study shows a direct interaction between GK and PFK2/
FBPase2 in mammalian cells. The adaptive nature of this interaction, which 
is responsive to glucose and GK activators, and the finding that MODY-2 
GK mutants show decreased interaction with PFK2/FBPase2, support a role 
for the GK-PFK2/FBPase2 interaction in the glucose-mediated control of GK 
activity.
Supported by: Diabetes UK RD Lawrence Fellowship; an EFSD Albert Renold 
Fellowship and EMBO

599
Indirect pathway contribution to hepatic glycogen synthesis is 
underestimated by enrichment of glucuronide position 3 from 
deuterated water
C. Barosa1, M. Caldeira2, M. Carvalheiro3, L. Barros3, A. Fagulha3,  
M. Bastos3, C. Baptista3, C. Silva1, J. Jones1; 
1Dept of Biochemistry, Center for Neurosciences, 2Dept of Chemistry, 
University of Coimbra, 3Department of Endocrinology, University Hospital 
of Coimbra, Portugal.

Background and aims: Analysis of urinary glucuronide enrichment from 
deuterated water (2H2O) is a simple method for assaying direct and indirect 
pathway contributions to hepatic glycogen synthesis (Fig 1). The method as-
sumes that glucuronide derived via indirect pathway is enriched in position 5 
(H5) while that derived via direct pathway is not. With transaldolase-mediat-
ed exchange (TA), direct pathway precursors are enriched in H5. Thus when 
TA is active, H5 overestimates the indirect pathway contribution. Since TA 
does not alter position 3 enrichment (H3), we reasoned that H3 represents 
the real indirect pathway contribution and that TA accounts for the increased 



Diabetologia (2009) 52:[Suppl1]S1–S550 S 239

1 C

H5 enrichment relative to H3, (i.e. H5/H3 > 1.0). To test this hypothesis, TA 
was measured using [U-d7]glucose and theoretical H5/H3 ratios from 2H2O 
enrichment were calculated. These were compared to real H5/H3 ratios ob-
tained from subjects administered with 2H2O.
Methods: 14 Overnight-fasted healthy subjects took breakfast (540 Kcal, 60% 
CHO/20% fat/20% protein) at 08:00. The CHO portion included 10 grams of 
glucose. Peppermint oil (200 mg) was taken at 04:00 and 08:00 and urine was 
collected from 10:00-12:00. TA exchange was measured in 6 of these subjects 
by enriching the meal glucose with 30% [U-d7]glucose and quantifying H5 and 
H3 from urinary menthol glucuronide. H5 and H3 from 2H2O was measured 
in the remaining 8 subjects by providing 2H2O (0.3% of body water) 8 hours 
before the breakfast meal. In all cases menthol glucuronide was isolated by 
solid phase extraction-preparative HPLC and directly analyzed by 2H NMR.
Results and discussion: 2H NMR analysis of glucuronide enrichment from 
[U-d7]glucose revealed that 23 ± 5 % of direct pathway flux underwent TA 
exchange. From this TA activity, a theoretical H5/H3 ratio of 1.31 ± 0.05 was 
obtained. Real H5/H3 ratios from 2H2O was significantly higher than the 
theoretical value (2.12 ± 0.30, p < 0.05) indicating that the H3 and H5 enrich-
ment differences from 2H2O were not all accounted for by TA. The lower than 
expected H3 is likely due to a primary kinetic isotope effect that discrimi-
nates against 2H-incorporation into hexose position 3 at the level of triose 
phosphate isomerase. Consequently, H3 underestimates the indirect pathway 
contribution to hepatic glycogen synthesis.
Conclusion: The indirect pathway contribution to hepatic glycogen synthe-
sis can be noninvasively quantified by 2H NMR analysis of urinary menthol 
glucuronide 2H-enrichment following ingestion of 2H2O and Peppermint oil. 
Position 5 enrichment over-estimates the indirect pathway contribution be-
cause of transaldolase exchange activity. Glucuronide H3 underestimates the 
indirect pathway contribution possibly because of isotopic discrimination at 
the level of triose phosphate isomerase.

Supported by: JDRFI

600
Metabolic profiling of hepatic glycogen and lipid synthesis in 
spontaneously feeding rats: effects of switching from solid to liquid diet
D.R. Pinheiro, P.M. Nunes, J.G. Jones; 
Center for Neurosciences and Cell Biology, University of Coimbra, Portugal.

Background and aims: The liver has a central role in glucose and lipid home-
ostasis and disarrangements of hepatic glucose and lipid fluxes are early de-
fining events in the development of insulin resistance and Type II diabetes 
(T2D). Under normal conditions, hepatic carbohydrate and lipid metabolic 
fluxes are highly coordinated with respect to each other and to overall nu-
tritional state. To better understand how this is altered in T2D requires an 
integrated analysis of hepatic glucose and lipid metabolic fluxes. The analysis 
cannot perturb feeding habits since such changes can also acutely modify 
hepatic glucose and lipid fluxes. This is difficult to achieve in rodent mod-
els since metabolic flux assays usually involve invasive catheterization pro-
cedures whose effects per se on the animal´s nutritional status may be sig-
nificant. We are developing methods for integrating hepatic glucose and lipid 
fluxes in spontaneously feeding animals. Tracers are delivered via diet and 
as a single injection of deuterated water (2H2O). As an important first step 
towards an integrated metabolic profile of hepatic glucose and lipid fluxes, of 
we present simultaneous measurements of hepatic glycogen synthesis and de 
novo lipogenesis (DNL) in spontaneously feeding animals.

Materials and methods: Male Wistar rats raised on standard chow solid diet 
(SD) were randomly divided in two groups of 7. One group was placed for 
7 days on a liquid diet (LD) that was isocaloric with SD. The control group 
was maintained on SD for this period. Animals were maintained with a con-
stant light/dark cycle of 12/12 h. At 20:00 of day 6 rats were injected with 
2.1 ml/100 g body wt of 99% 2H2O. At 08:00 on day 7, rats were sacrificed 
and the liver was excised, frozen and lyophilized. Glycogen was extracted by 
alkali method and hydrolysed to glucose by α-amyloglucosidase. Extracts 
were dried and glucose was derivatized to monoacetone glucose (MAG) for 
NMR analysis of 2H-enrichment and glycogen quantification. Lipids were 
extracted by Folch method and triglyceride 2H-enrichment was analyzed by 
2H NMR. Body water 2H-enrichment was directly determined from plasma 
by 2H NMR. From a single 2H NMR spectrum of MAG, total hepatic glyco-
gen was determined by an internal standard. The fraction of total glycogen 
synthesized overnight was determined from enrichment of glycogen position 
2 relative to body water (H2/BW). The contribution of direct and indirect 
pathways to overnight glycogen synthesis was determined from enrichment 
in position 5 relative to position 2 (H5/H2). From the triglyceride 1H and 2H 
NMR spectra, total hepatic triglyceride content and the contribution of DNL 
to hepatic triglycerides during overnight feeding was determined.
Results: Total glycogen synthesized was significantly lower in LD group (3.1 
± 0.7 mg) than in SD group (17.8 ± 4.3 mg), p<0.01. Indirect pathway ac-
counted for 5.7 ± 2.2 and 1.1 ± 0.4 (p<0.01), of the total glycogen synthesised, 
in SD and LD groups respectively. In contrast, DNL was not affected by the 
diet formulation: SD group synthesized 85.1 ± 11.5 µmol/gdw, whereas LD 
group synthesized 85.7 ± 15.2 µmol/gdw. Total hepatic triglycerides levels 
were also similar for both groups (255.4 ± 30.7 µmol/gdw for SD and 286.5 ± 
22.4 µmol/gdw for LD).
Conclusion: Seven days weaning from solid to liquid diet induced significant 
alterations in overnight hepatic glycogen synthesis but not for triglyceride 
synthesis.
Supported by: FCT project PTDC/SAU-OSM/65140/2006

601
Effects of resistin on glucose metabolism in C2C12 myocytes
F.P. Li, Z.Z. Li, M. Zhang, L. Yan, Z.Z. Fu; 
Department of Endocrinology and Metabolism, The Second Affiliated 
Hospital of Sun Yat-sen University, Guangzhou, China.

Background and aims: Resistin is an adipokine highly related to insulin re-
sistance (IR). Our study is to investigate how resistin influences skeletal glu-
cose metabolism and explore its mechanisms.
Materials and methods: The recombinant plasmids PcDNA3.1 expressing 
resistin were constructed and then transfected into C2C12 myocytes. The 
expression of resistin in C2C12myocytes was detected by Western blotting. 
Glucose uptake was measured by 3H labeled glucose; glucose oxidation and 
glycogen synthesis were detected with 14C-labeled glucose. GLUT-4 mRNA 
was measured by reverse transcript polymerase chain reactions (RT-PCR).
Results: Resistin was expressed in transfected myocytes. Resistin decreased 
insulin stimulated glucose uptake rate by 28%~31% and inhibited the expres-
sion of GLUT4 mRNA. However, there were no significant differences in ba-
sal glucose uptake, and glucose oxidation and glycogen synthesis remained 
unchanged in all groups.
Conclusion: Resistin inhibited insulin stimulated glucose uptake in myo-
cytes by downregulating the expression of GLUT-4 and it had no effects on 
glucose oxidation and glycogensynthesis. Our findings may provide a clue to 
understand the roles of resistin in the pathogenesis of skeletal IR.
Supported by: National Natural Science Foundation of China

602
Regulation of hepatic glucose homeostasis by glucokinase localization
S. Langer1, M.T. Kaminski1, S. Lenzen1, S. Baltrusch1,2; 
1Institute of Clinical Biochemistry, Hannover Medical School, 2Institute 
of Medical Biochemistry and Molecular Biology, University of Rostock, 
Germany.

Background and aims: Glucokinase (GK) acts as a glucose sensor for cou-
pling millimolar glucose concentrations to metabolism. A specific glucoki-
nase regulatory protein (GRP) inhibits GK activity in liver and mediates the 
translocation of GK between nucleus and cytoplasm in dependence on glu-
cose and fructose metabolites. While the GK nuclear import is clearly medi-
ated by the GRP, the mechanism of GK nuclear export remains open. It has 
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been shown, that GK activators recently described as a potential new class of 
drugs for the treatment of type 2 diabetes modulate GK localization in liver. 
Thus, the elucidation of the underlying molecular mechanisms of GK shut-
tling is also important for an appropriate pharmacotherapeutic intervention. 
Therefore the aim of this study was to analyze the GK-GRP interaction and 
the GK nuclear export mechanism with respect to hepatic glucose homeos-
tasis.
Materials and methods: Interaction between GK and GRP was analyzed 
in COS cells using a fluorescence based mammalian two-hybrid system 
(MMTHS) and in primary rat hepatocytes via fluorescence resonance energy 
transfer (FRET). The glucose concentration in the cytoplasm and nucleus was 
determined by a recently established FRET based glucose specific nanosen-
sor (FLIPglu). Primary rat hepatocytes were transduced with a recombinant 
adenovirus expressing the FLIPglu sensor and a nucleus localized FLIPglu 
(FLIPglu-nuc). COS cells were transiently transfected with FLIPglu and 
FLIPglu-nuc constructs.
Results: The MMTHS allowed monitoring of the effects of environmental 
changes on the GK-GRP interaction. In medium supplemented with 5 mmol/
l glucose an interaction between GK and GRP was measured. Increasing the 
glucose concentration in the cell culture medium significantly decreased the 
interaction between the proteins. Using an antibody based acceptor photob-
leaching FRET technique in primary rat hepatocytes differences in the GK-
GRP association strength were detectable. Interaction of endogenous GK and 
GRP in the nucleus of hepatocytes was tenfold higher after incubation at 5 
mmol/l glucose than at 20 mmol/l glucose. Addition of fructose-6-phosphate 
further induced the interaction. The cytoplasmic and nuclear glucose con-
centration upon changes in the extracellular glucose concentration could be 
determined expressing the FLIPglu sensor and calculating the EYFP/ECFP 
ratio upon ECFP excitation. After addition of glucose containing Krebs Ring-
er medium the intracellular glucose concentration significantly increased. In 
both primary rat hepatocytes and COS cells the cytoplasmic glucose rise was 
accompanied by a comparable increase in the nucleus.
Conclusion: Subcellular alterations in glucose homeostasis in primary cells 
could be monitored using the FLIPglu sensor. Glucose plays a major role in 
the GK compartmentation by dissolving the GK-GRP complex. As there is 
a simultaneous rise of the glucose concentration in the nucleus, paralleling 
this in the cytosolic compartment, it is likely that GK leaves the nucleus at 
least partially in a GRP independent manner. This newly established cellular 
system will allow the elucidation of the effect of GK activators on this process 
in future studies.

603
Measuring glucokinase in fresh and frozen liver 
S.P. Burns, A. Smith; 
Chemical and Biological Sciences, University of Huddersfield, United 
Kingdom.

Background and aims: Glucokinase (GK) is a key enzyme of glucose homeos-
tasis influencing both insulin secretion and control of hepatic glucose balance, 
especially when post-prandial glycemia increases. The absolute activity of GK 
is key to both processes as illustrated by numerous studies on man and in 
animal models. Mutation of the gene for this enzyme can result in GK protein 
with increased or decreased activity, contributing to chronic hyperglycemia 
(MODY2) or familial hypoglycemia respectively. Activity of the liver enzyme 
can be readily measured in fresh liver samples. However, we are unaware of 
data derived from frozen liver samples: there is no reason in principle why 
activity of the enzyme should be impaired by freezing. Our initial attempts at 
preparing a 10% liver homogenate from frozen rat liver gave activities of glu-
cokinase significantly higher than literature values reported both by ourselves 
and others. Because of the potentially important physiological implications 
of this finding with respect to understanding of the mechanisms of normal 
glucose homeostasis, and especially that of liver glycogen synthesis we began 
a systematic review of the methodology used to determine activity of this en-
zyme, and a preliminary report of key findings to date is reported here.
Materials and methods: GK and HK activity were determined as previously 
described: briefly, samples of both fresh and thawed frozen liver were ho-
mogenized by hand using a glass homogenizer and samples ultra-centrifuged 
at 100,000g to obtain a clear supernatant: the fatty layer was removed and 
supernatant assayed for GK and HK by the G6PDH NAD-linked assay.
Results: Activity of GK was significantly higher in frozen liver sections com-
pared with fresh liver, and hexokinase activity significantly decreased. The en-
zymes were separated by gel filtration to investigate their kinetic parameters 
independently: GK demonstrated unchanged sigmoidal and HK, Michaelis-

Menten, kinetics with respect to glucose. The Vmax for GK was obtained at 
about half the glucose concentration used by previous workers in both fresh 
and frozen liver tissue, and S0.5 was unchanged (approximately 8mM).
Conclusion: Since the increased activity of GK in frozen liver was not the 
result of altered kinetics of the enzyme we postulate that freezing the tissue 
from ad libitum fed rats results in more efficient liberation of the enzyme from 
a nuclear pool sequestered by the glucokinase regulatory protein (GKRP). In 
fresh liver tissue it is possible that some of this pool escapes mechanical release 
during homogenization and ultra-centrifugation and is then pelleted and lost 
to the supernatant. This would indicate that the nutritional conditions under 
which animals are killed for study of glucokinase activity using fresh liver 
samples could influence measures of GK activity, and hence the conclusions 
drawn. Such data might also explain why measured activity of GK appears to 
change remarkably quickly under differing nutritional circumstances.
Supported by: the Wellcome Trust

604
Short term and long term disease mathematical modelling of diabetes in 
Zucker and ZDF rats
E.M. Watson1,2, S.M. Poucher1, M.J. Chappell2, J. Teague1; 
1CVGI R&D, AstraZeneca, Macclesfield, 2School of Engineering, University 
of Warwick, Coventry, United Kingdom.

Background and aims: The aim is to create a universal mathematical model 
for glucose and insulin dynamics in rats both in the short term, for example 
to model meal feeding, and also in the long term, to model disease progres-
sion.There have been several attempts to model the glucose and insulin sys-
tem before, but very few of these have tried to combine both short- and long-
term dynamics. This new model takes elements from previous mathematical 
models in an attempt to create a universally applicable model.
Materials and methods: The model was created using a combination of features 
from existing models, such as beta cell mass from the beta cell mass model, and 
newly-designed elements to characterise both short- and long-term dynamics of 
the glucose and insulin system. The model incorporates elements that allow the 
simulation of short-term aspects which include feedback between insulin and 
glucose dynamics. Long-term dynamics display elevated levels of glucose, stim-
ulating an increase in insulin secretion capacity, but very high levels of glucose 
can cause damage and reduce insulin secretion capacity. The model additionally 
allows simulation of gut delay of glucose absorption, as well as incorporating 
increased glucose as a result of feeding. The model can be numerically simulated 
within MATLAB, using a stiff equation solver, and an interface was created to 
enable easy use of the model by researchers and other interested parties.
Results: Simulations show that the long-term progression into diabetes can 
be modelled by decreasing both insulin sensitivity and the first phase of insu-
lin secretion. The wider applicability of the model is demonstrated by its abil-
ity to simulate the adaptation of the system to the change in insulin secretion 
to cope with a decay in insulin sensitivity. The data used to perform model 
fitting and validation were from Zucker and Zucker Diabetic Fatty (ZDF) 
rats which were meal fed for 4 hours per 24 hour period over 40 days, with 
glucose and insulin profile measurements taken on days 3, 14, 28 and 38 of 
the study. The figure shows a model fit for glucose data, with black denoting 
the real data, showing the model responses for each day.
Conclusion: A mathematical model has been developed that can character-
ise the disease status of the glucose and insulin system in rats, incorporating 
both short- and long-term aspects. The model can produce dynamic respons-
es that compare well with real data.

Supported by: AstraZeneca
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Islet-cell secretion of pancreatic polypeptide in response to ghrelin and 
obestatin acting on distinct receptors
R. Kumar1, A.F. Balhuizen1, A.S. Salehi1, J.F. Rehfeld2, P. Höglundc1,  
R. Håkanson1; 
1Clinical Science, Lund University, Malmo, Sweden, 2Clinical Science, 
Rigshospitalet Copenhagen University Hospital, Denmark.

Background and aims: Des-acyl ghrelin (28 a.a. residues) and obestatin (23 
a.a.) are hormonal cleavage products of proghrelin, which is synthesized in 
endocrine A-like cells in the gastric mucosa.
During processing, a fraction of des-acyl ghrelin is octanoylated in position 3 
(serine) to form acyl ghrelin. Being cleavage products of proghrelin, obestatin 
and the two ghrelin peptides are likely to be released together from the A-like 
cells, conceivably affecting their targets in concert. In the present study we 
used isolated pancreatic islets from the mouse to study whether acylghrelin 
and obestatin act on the same or on distinct receptors to inhibit the secretion 
of pancreatic polypeptide (PP).
Materials and methods: Isolated mouse pancreatic islets were used to study 
the dose dependent response of acylghrelin & obestatin in absence and pres-
ence of des-acylghrelin on islets hormone secretion.
Results: Both acyl ghrelin and obestatin abolished PP release by dose-de-
pendent manner with marked effect at concentrations of 10-10 M. Des-acyl 
ghrelin was without effect.The inhibitory effect of 10-10 M acyl ghrelin was 
counteracted by des-acyl ghrelin in a concentration-dependent manner, 
while the inhibitory effect of 10-10 M obestatin was not.. Under these circum-
stances the IC50 value for des-acyl ghrelin was 4.1± 1 x 10-8 M. This means 
that quite high concentrations of des-acyl ghrelin were needed to impair the 
inhibition of PP release induced by 10-10 M acyl ghrelin. The IC50 value for 
acyl ghrelin was calculated to be 4.1 ± 1 x 10-12 M (n=6), while the IC50 value 
for obestatin was 3.2 ± 1 x 10-12 M (n=8). The concentration-response curve 
for acyl ghrelin was greatly affected by different concentrations of des-acyl 
ghrelin, shifting the curve to the right with increasing concentrations of des-
acyl ghrelin, in a manner suggestive of competitive inhibition and the effect 
of obestatin was unaffected by the presence of des-acyl ghrelin. 
Conclusion: Our data suggest that des-acylghrelin per se was found no effect 
on PP cells while the inhibitory effect of acylghrelin on PP secretion was re-
versed by des-acylghrelin, the suppressive effect of obestatin on PP cells was 
unchanged. This observation indicates that acylghrelin and obestatin act on 
PP cells through distinct receptors. Understanding the mechanisms that con-
trol PP release might help to clarify the physiological significance of PP cells.
Supported by: Novo Nordisk, Crafoord and Albert Påhlsson foundations

606
Vitamin D and glucose metabolism in polycystic ovary syndrome
B. Obermayer-Pietsch1, S. Pilz1, N. Schweighofer1, T.R. Pieber1,2, E. Wehr1; 
1Department of Internal Medicine, Division of Endocrinology and 
Nuclear Medicine, Medical University Graz, 2Joanneum Research 
Forschungsgesellschaft mbH, Graz, Austria.

Background and aims: Several studies suggest an association of low 25-
OH vitamin D [25(OH)D] levels with impaired β cell function and type 2 
diabetes. Women affected by polycystic ovary syndrome (PCOS) frequently 
present with insulin resistance and are at an increased risk for the develop-
ment of type 2 diabetes. The aim of this study was to investigate the rela-
tionship between 25(OH)D levels and parameters of glucose metabolism in 
PCOS women.
Materials and methods: 25(OH)D levels were measured by means of ELISA 
in 205 women affected by PCOS. Metabolic, endocrine, and anthropometric 
measurements and oral glucose tolerance tests were performed. Metabolic 
syndrome was defined in accordance with National Cholesterol Education 
Program/Adult treatment panel III criteria.
Results: PCOS women with hypovitaminosis D (<29.9 ng/ml) had signifi-
cantly higher BMI, waist circumference, HOMA-IR, HOMA-β, AUCgluc, 1h 
glucose, fasting insulin, and triglycerides and lower levels of QUICKI and 
HDL (p<0.05 for all). In turn, PCOS women with impaired glucose toler-
ance had significantly lower 25(OH)D levels than PCOS women with normal 
glucose tolerance (p=0.006). In multivariate regression analysis, 25(OH)D 

and BMI were independent predictors of HOMA-IR and QUICKI (p<0.05 
for all). PCOS women with impaired glucose tolerance and metabolic syn-
drome (MS) had lower 25(OH)D levels than PCOS women without these 
features (p<0.05 for all). In logistic regression analysis, 25(OH)D (OR 0.86, 
p=0.021) and BMI (OR 1.3, p<0.001) were independent predictors of MS in 
PCOS women.
Conclusion: We present evidence that low 25(OH)D levels are associated 
with obesity, IR, impaired β cell function, impaired glucose tolerance, and 
MS in PCOS women. Large intervention trials are warranted to evaluate the 
possible beneficial role of vitamin D supplementation on disturbances in glu-
cose metabolism in PCOS women.

607
Altered plasma leptin level is associated with low stearoyl-CoA 
desaturase-1 activity in type 2 diabetes
H.S. Chaudhury1, S. Akter2, S. Murshed2, Q. Nahar2, S. Salim2, I. Khan2, 
M.K. Rahman2, L. Ali2; 
1Dept of Biochemistry, M Bhasani Medical College, 2Biomedical Research 
Group, BIRDEM, Dhaka, Bangladesh.

Background and aims: Leptin is a multifunctional hormone which may be 
involved in the pathogenesis of type 2 diabetes mellitus (T2DM) by influenc-
ing insulin production or sensitivity. The exact mechanism of insulin secre-
tory dysfunction associated with altered plasma leptin level in T2DM is still 
under investigation. One hypothesis is that the hypoleptinemia induced insu-
lin secretory defect is caused by steatosis of β-cells of pancreas resulting from 
altered fatty acid metabolism. The present study was designed to determine 
any change in fatty acid metabolism associated with altered leptin level in 
type 2 diabetes.
Materials and methods: A total of 119 subjects were included. In Group I 
(Case), 59 newly diagnosed T2DM and in Group II (Comparison), 60 age 
(year, 36±4 vs. 35±4, M±SD) and Body Mass Index (BMI) matched (kg/m2, 

24.0±3.1 in Group I vs. 23.6±2.0 in Group II) healthy control subjects were 
included in this cross sectional analytical study. Plasma insulin (fasting and 
30 min post glucose) and leptin were estimated by Enzyme Immunoassay. 
Insulin secretory capacity (HOMA-B%) and insulin sensitivity (HOMA-S%) 
were calculated by Homeostasis Model Assessment using HOMA-CIGMA 
software. Fasting serum non-esterified fatty acid (NEFA) was measured by 
enzymatic colorimetric method. Plasma fatty acid composition (%) was ana-
lyzed by gas liquid chromatography. Stearoyl-CoA desaturase-1 (SCD-1) ac-
tivity was calculated by plasma palmitoleic/palmitic (C16:1/C16:0) ratio.
Results: The diabetic subjects showed highly significant β-cell dysfunction 
and also insulin resistance as evident from HOMA B% [20.2(4.2-89.6) in 
diabetic vs. 78.4(35.5-365.7) in control, p<0.001] and HOMA S% [84.6(39.1-
226.4) vs. 118.8(22.0-3573.0), p<0.004]. Serum fat normalized leptin level 
was found significantly lower in diabetic subjects [ng/ml, 5.44 (0.65-34.7)] 
compared to controls [8.35 (1.36-55), p=0.012]. The serum leptin level in-
versely correlated with insulin secretory dysfunction. The total NEFA level 
in the diabetic subjects was higher than control (mmol/l, 0.652±0.196 vs. 
0.42±0.15, p<0.001). NEFA was inversely correlated with HOMA S% (r=-
0.369, p<0.01). HOMA S% was positively associated with eicosapentaenoic 
(20:5) acid (r=0.354, p=0.001). HOMA B% was inversely associated with pal-
mitic (16:0) acid (r=-0.577, p=<0.01). Leptin level was positively correlated 
with stearoyl-CoA desaturase-1 activity (r=0.185, p=0.04), erusic (22:1) acid, 
(r=0.561, p=0.046), as well as the ratio of linoleic/linolenic (C18:2/C18:3) 
acid (r=0.165, p=0.05), and inversely correlated with behenic acid (r=-0.319, 
p=0.039).
Conclusion: The data suggest that a) Serum fat normalized leptin level in 
normal to mildly overweight Bangladeshi type 2 diabetic subjects is lower 
compared to age and BMI-matched healthy population; b) Lower plasma lep-
tin in type 2 diabetes mellitus subjects is associated with insulin secretory 
dysfunction; c) Lowered plasma leptin level in Type 2 diabetes is associated 
with lower levels of stearoyl-CoA desaturase-1 (SCD-1) activity, linoleic/li-
nolenic (C18:2/C18:3) ratio and plasma erusic acid level, and higher level of 
plasma behenic acid.
Supported by: International Program in the Chemical Sciences, Uppsala Uni-
versity, Sweden
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608
Plasma thyroid hormone levels are positively associated with insulin 
resistance at all stages of type 2 diabetes
V. Lambadiari1, G. Dimitriadis1, P. Mitrou2, E. Boutati1, E. Maratou2,  
A. Raptis1, N. Tountas1, T. Economopoulos1, S.A. Raptis1,2; 
12nd Dpt Internal Medicine, Athens University, Attikon University Hospital, 
2Hellenic National Diabetes Center, Attikon University Hospital, Athens, 
Greece.

Background and aims: Thyroid hormone levels have generally been found 
normal in diabetic patients. Whether variation in those levels within the eu-
thyroid range influence insulin sensitivity at the various stages of type 2 dia-
betes remains to be established.
Materials and methods: A meal was given to four groups of subjects 
(age 34+2.6, 37+2.7, 46+4.2, 51+2.2 yrs, respectively, and BMI 23.1+0.63, 
23.9+0.53, 24.9+0.8, 24.9+0.56 kg/m2, respectively) whose baseline charac-
teristics are shown in Table 1. Blood was withdrawn for 360 min from the 
radial artery for measurements of glucose and insulin. Fasting plasma free T4 
(FT4) and free T3 (FT3) levels were also measured. Fasting and postprandial 
insulin resistance was assessed by HOMA and ISI indices respectively.
Results: FT4 levels were lower in controls versus relatives, IGT and DM 
(p=0.048). FT3 levels were also lower in controls versus relatives, IGT and 
DM subjects (p=0.005). HOMA was positively associated with FT4 and FT3 
levels (β-co-efficient=0.110+0.33, p=0.001 and 0.521+0.160, p=0.002 respec-
tively). ISI was negatively associated with FT4 and FT3 levels (β-co-efficient=-
6.597+1.449, p=0.001 and -21.036+6.152, p=0.001, respectively).
Conclusion: In type 2 diabetes, increases of thyroid hormone levels within 
the normal range associate positively with insulin resistance. These data sug-
gest that thyroid hormones may be part of the pathogenetic mechanism to 
explain metabolic derangement at all stages of type 2 diabetes. 
RELATIVES: 1st degree relatives of diabetic patients with a normal glucose 
tolerance test, IGT: subjects with impaired glucose tolerance, DM: subjects 
with type 2 diabetes.

Table 1: Baseline subjects’ characteristics
CONTROLS RELATIVES IGT DM P overall

Table of Contents
•  No/Subjects 17 22 9

2
4

Free T3 (pmol/l) 4.12±0.1 4.3±0.12 4.51±0.2 4.7±0.11 0.005
Free T4 (pmol/l) 14.9±0.26 15.32±0.12 16.1±0.7 17±0.6 0.048
Plasma Glucose (mmol/l)
-fasting 4.46±0.1 4.81±0.09 5.8±0.22 7.5±0.27 <0.0001
-120min 5.6±0.2 6.85±0.35 9.26±0.25 14.35±0.7 <0.0001
Plasma Insulin (mU/l)
-fasting 4.65±0.5 7.03±1.2 7.13±0.6 5.92±0.5 NS
-120min 34,4±3.2 51.5±4.7 81.8±8.7 51.07±7.1 0.0007
HOMA Index 0.91±0.11 1.3±0.11 1.84±0.18 2±0.17 <0.001
ISI Index
(mg*l2/
mmol*mU*min)

101.2±7.8 76.5±6.4 46.1±2 35.5±3.16 <0.001

Data are expressed as means+SEM, and P values represent overall compari-
son (repeated-measures ANOVA) between control and patient groups after 
adjustment for possible covariates (age, sex). BMI, body mass index. Free T3 
and Free T4 concentrations are given in International Units.

609
Growth hormone deficiency and rhGH-therapy to individuals with 
low IGF-1 levels contribute to the regulation of STAMP2 gene in 
subcutaneous adipose tissue
B. Ukropcova1, T. Kurdiova1, A. Penesova2, Z. Radikova2, M. Vlcek2, R. 
Imrich2, S. Zorad3, M. Pura4, P. Vanuga4, V. Belan5, J. Payer6, S.R. Smith7, J. 
Ukropec1, I. Klimes1, D. Gasperikova1; 
1Diabetes Laboratory, Inst. of Exp Endocrinology, 2Laboratory of Human 
Endocrinology, Inst. of Exp Endocrinology, 3Laboratory of Adipocyte 
Endocrinology, Inst. of Exp Endocrinology, Bratislava, 4National Institue 
of Endocrinology and Diabetology, Lubochna, 5Department of Radiology, 
Comenius University School of Medicine, 6The 5th Department of Internal 
Medicine, Comenius University School of Medicine, Bratislava, Slovakia, 
7Pennington Biomedical Research Center, Baton Rouge, United States.

Introduction: Growth hormone deficiency (GHD) is known to be associated 
with metabolic dysregulation, increased inflammation and compromised 
growth and differentiation of adipose tissue. We investigated the effect of 
GHD as well as GH supplementation in patients with low IGF-1 levels on 
the expression of six-transmembrane protein of prostate 2 (STAMP2), the 
potential coordinator of nutrient and inflammatory response in human sub-
cutaneous adipose tissue (SAT). 
Methods: The first cohort consisted of 20 GHD patients (age 30.7±7 yrs, M/F 
12/8, BMI 21.7-36.8 kg.m-2) and 19 healthy age, gender and BMI-matched 
controls. Insulin sensitivity (IS) was measured by euglycemic hyperinsuline-
mic clamp (EHC). Abdominal fat mass and distribution was determined us-
ing MRI. Samples of SAT were taken by needle biopsy and fat cell size (FCS) 
was assessed by light microscopy. Gene and protein expressions were meas-
ured by qRT-PCR and immunoblotting, respectively. The second cohort con-
sisted of ten 40-70yrs old sedentary male subjects with waist circumference 
>102 cm, BMI 27 - 35 kg.m-2, and blood levels of IGF-1 bellow 241 ng/ml who 
were for a period of 24 wks treated by pharmacological levels (0.95 mg/day) 
of rhGH (Genentech, CA, USA).
Results: GHD patients displayed lower IS, increased FCS and visceral obesity. 
GHD was associated with a significant decrease in STAMP2 gene and protein 
expressions, the change in mRNA being more pronounced during the EHC 
(2.2-fold, p<0.0001) compared to the fasting state (1.4-fold, p<0.05). STAMP2 
was positively correlated to the protein expression of adipokines regulating 
growth and differentiation of adipose tissue (PDGF, SDF1, GRO; r=0.59, 
r=0.41, r=0.62; p<0.05; n=24). A strong positive association was found be-
tween STAMP2 and adiponectin gene expression during fasting state and the 
euglycemic hyperinsulinemia (r=0.52, r=0.67; p<0.01; n=34). Furthermore, 
patients receiving GH-supplementation displayed 1.4-fold increase (p=0.02) 
in the expression of STAMP2 gene in SAT.
Conclusion: Our results demonstrate that STAMP2 is decreased in GHD 
associated with whole-body metabolic derangements and upregulated by 
rhGH therapy of obese individuals with low IGF-1 levels. The relationships 
of STAMP2 to adipokines regulating adipose tissue growth, differentiation 
and inflammation support a positive role this protein might play in human 
metabolic health.
Supported by: APVV 51-040602, VEGA217110/27, COST BM0602 and COST 
FA0602

610
Type 2 diabetes mellitus and primary hypothyroidism. TSH test in all 
diabetic patients?
H.E. Tamez1, A.L. Tamez1, E. Martinez2, J. Barquet2; 
1Investigation, School of Medicine, 2Internal Medicine, Nova Clinic, 
Monterrey, Mexico.

Background and aims: Type 2 diabetes mellitus (DM) and primary hypothy-
roidism are recognized risk factors for atherosclerotic cardiovascular disease. 
This study is an effort to identify the high prevalence of association between 
these two diseases in our population.
Materials and methods: A cross-sectional study from an outpatient clinic in 
Monterrey, Nuevo Leon, México. 1848 adult patients with DM were included 
in the study group and were compared with 33732 matched controls without 
a diagnosis of type 2 DM. Primary hypothyroidism was defined in all patients 
using thyroid medication. Subjects with thyroid neoplasm, surgery complica-
tions, or other pathologies were excluded.
Results: The two groups were similar respect to demographic characteristics. 
Of the 1743 patients of the study group, 105 had hypothyroidism, and the 
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control group 33,131 patients, 601 had hypothyroidism, OR 3.32 (95% IC 
2.64-4.10). Cholesterol, triglycerides, systolic and diastolic pressure values 
were significantly higher in the study group.
Conclusion: We demonstrated an elevated association between DM and hy-
pothyroidism. These findings are consistent with increased cardiovascular 
risk. Thyroid profile measurement should be a diagnostic test in all patients 
with DM, similar as type 1 diabetes mellitus.

PS 43 Sex hormones and 
metabolism
611
Menopausal hormone therapy and new-onset diabetes in the French E3N 
cohort
B. de Lauzon-Guillain1,2, A. Fournier2, A. Fabre2, N. Simon2, S. Mesrine2, 
M.-C. Boutron-Ruault2, B. Balkau1, F. Clavel-Chapelon2; 
1U780, INSERM, 2Eri 20, INSERM, Villejuif, France.

Background and aims: Two US randomized trials found a lower incidence 
of type 2 diabetes among women treated by menopausal hormone therapy 
(MHT) with oral conjugated equine estrogen combined with medroxypro-
gesterone acetate. The purpose of this study was to evaluate the influence of 
various MHTs, according to their formulation and route of administration, 
on new-onset diabetes in a cohort of postmenopausal women.
Materials and methods: E3N is a cohort study of 98,995 French women born 
in 1925-1950 and followed by questionnaire every 2 years. We included only 
the women who responded to a dietary history questionnaire sent in 1993, 
and who were postmenopausal when they replied to the 8th questionnaire 
sent in 2005. We excluded women with non validated diabetes, prevalent dia-
betes, no follow-up or lack of information on MHT use, leaving 63,624 post-
menopausal women for analysis. Cases of diabetes were identified through 
self-report or drug reimbursement record linkage, and further validated. The 
association between MHT use and new-onset diabetes was investigated by 
Cox regression analysis.
Results: A total of 1220 new-onset diabetes were validated. We observed a 
lower risk of diabetes among women having ever used MHT (Hazard Ratio: 
HR=0.82 [0.72 - 0.93]), compared to MHT never users. Adjustment for BMI 
during follow-up did not substantially modify this association. An oral route 
of estrogen administration was associated with higher decrease in diabetes 
risk than cutaneous route (HR=0.68 [0.55-0.85] vs. 0.87 [0.75-1.00], p for 
homogeneity=0.028). When further taking into account the type of progesta-
gen used in combined MHT, there was no statistically significant heterogene-
ity between progestagens, neither between route of estrogen administration, 
with regard to diabetes risk.
Conclusion: MHT might decrease the risk of diabetes, independent of BMI. 
Further studies are needed to confirm the stronger effect of oral administra-
tion of estrogen compared to cutaneous administration.
Supported by: MGEN, LNCC, IGR, Inserm, 3M Company, several General 
Councils of France, InterAct project

612
Hyperandrogenism is associated with an increased risk for type 2 
diabetes and metabolic disturbances in a large cohort of postmenopausal 
women
E. Wehr1, N. Schweighofer1, S. Pilz1, M. Winfried2,3, B.O. Boehm4,  
B.R. Winkelmann5, B. Obermayer-Pietsch1; 
1Department of Internal Medicine, Division of Endocrinology and Nuclear 
Medicine, Medical University Graz, Austria, 2Department of Public Health, 
Social and Preventive Medicine, Mannheim Medical Faculty, University 
of Heidelberg, Mannheim, Germany, 3Clinical Institute of Medical and 
Chemical Laboratory Diagnostics, Medical University Graz, Austria, 
4Department of Internal Medicine, Division of Endocrinology and Diabetes, 
Ulm University, Germany, 5Department of Cardiology, Heart Center, 
Ludwigshafen, Germany.

Background and aims: Women with polycystic ovary syndrome present 
with hyperandrogenism and are frequently affected by insulin resistance and 
impaired glucose tolerance. However, the association of hyperandrogenism 
with type 2 diabetes is incompletely described in postmenopausal women. 
The aim of this study was to evaluate the relation between testosterone and 
type 2 diabetes and metabolic disturbances in postmenopausal women.
Materials and methods: We measured testosterone [μg/l], estradiol [ng/l], 
and metabolic parameters in 728 postmenopausal women not using hor-
mone therapy enrolled in the Ludwigshafen Risk and Cardiovascular Health 
(LURIC) study.
Results: Median testosterone levels were significantly higher in postmeno-
pausal women with type 2 diabetes (0.8 [0.5-1.0]) than in women without 
type 2 diabetes (0.7 [0.5-1.0]) (p=0.019) whereas median estradiol levels were 
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similar (27 [21-36.5] vs 26 [20-44). Postmenopausal women were stratified 
into 2 groups (higher or lower than the median testosterone level of the study 
sample). Postmenopausal women with higher testosterone levels had a 37.5 
% higher risk of type 2 diabetes (RR 1.38; 95% CI [1.02-1.86]; p=0.039] than 
women with lower testosterone levels. Postmenopausal women with testo-
sterone levels >0.7 μg/l had higher weight, waist circumference, fasting glu-
cose, fasting insulin, fasting proinsulin, HOMA-IR, LDL, and CRP and lower 
HDL levels than women with lower testosterone levels (all p<0.05).
Conclusion: These data suggest that endogenous testosterone levels are as-
sociated with type 2 diabetes and metabolic disturbances in postmenopausal 
women. Identification of postmenopausal women with hyperandrogenism 
may be important for prevention and treatment of type 2 diabetes.

613
Progesterone directly affects mitochondrial function - a mechanism 
relevant to gestational adaptations of glucose metabolism?
C. Fürnsinn1, K. Staniek2, K. Stadlbauer1, Z. Szöcs1, A. Luger1, B. Brunmair1; 
1Department of Medicine III, Division of Endocrinology & Metabolism, 
Medical University of Vienna, 2Department of Biomedical Sciences, 
Molecular Pharmacology & Toxicology Unit, University of Veterinary 
Medicine Vienna, Austria.

Background and aims: Late pregnancy is associated with adaptations of glu-
cose metabolism, which have been attributed, at least in part, to high concen-
trations of circulating progesterone. In preceding studies, we found that pro-
gesterone directly and immediately modulates glucose handling by isolated 
specimens of rat skeletal muscle via a non-genomic mechanism of action. The 
results revealed not only inhibitory action on glucose transport, but also that 
progesterone impairs cell respiration. 1 µmol/l progesterone, a concentration 
that can be reached in plasma of pregnant humans and rats, reduced the rate 
of pyruvate oxidation by specimens of skeletal muscle by 28±2% (p<0.0001). 
Based on this finding, the present study investigated, if progesterone can af-
fect respiratory function of mitochondria directly.
Materials and methods: Mitochondria were isolated from rat liver by tissue 
homogenization and differential centrifugation. They were incubated with-
out or with 1, 3, 10, or 30 µmol/l progesterone in the presence of glutamate 
plus malate (substrates for respiratory complex I) or in the presence of suc-
cinate (substrate for complex II; complex I was blocked by rotenone). Oxygen 
consumption was measured after addition of inorganic phosphate and ADP, 
which allows oxidative phosphorylation (state 3), and after quantitative con-
sumption of added ADP (i.e. without oxidative phosphorylation; state 4).
Results: In the presence of glutamate and malate, progesterone dose-depend-
ently inhibited oxygen consumption in state 3 (control = 100%; 1 µmol/l 
progesterone, 89.5±5.6%, p=0.12, ns; 3 µmol/l, 93.9±5.3%, p=0.30, ns; 10 
µmol/l, 86.8±4.6%, p=0.03; 30 µmol/l, 61.1±3.6%, p<0.001). In state 4, the 
lowest employed concentration of the steroid hormone was sufficient to trig-
ger significant inhibition (control = 100%; 1 µmol/l progesterone, 92.6±2.6%, 
p=0.04; 3 µmol/l, 91.4±2.4%, p=0.02; 10 µmol/l, 84.3±5.4%, p=0.03; 30 µmol/
l, 69.3±4.1%, p<0.001). In succinate-fed mitochondria, inhibitory action of 
progesterone was still present but less distinct than in such fed with gluta-
mate and malate (with succinate, state 3: 10 µmol/l progesterone, 96.5±1.4%, 
p=0.06, ns; 30 µmol/l, 93.1±3.0%, p=0.07, ns; state 4: 10 µmol/l progesterone, 
94.5±1.7%, p=0.02; 30 µmol/l, 87.9±2.0%, p=0.002). In mitochondria uncou-
pled by 100 µmol/l 2,4-dinitrophenol (DNP), inhibitory action of progester-
one was also obvious (30 µmol/l progesterone: with glutamate and malate, 
66.9±3.3%, p<0.001; with succinate, 94.3±1.0%, p=0.003).
Conclusion: Progesterone can impair respiratory function by direct interac-
tion with isolated mitochondria in vitro. A progesterone concentration that 
can be reached in plasma of pregnant humans and rats is sufficient to induce 
such effects on mitochondrial function, which could be the mechanism re-
sponsible for impaired cell respiration seen in progesterone-exposed tissue 
specimens. Apart from possible relevance for the metabolic adaptations to 
pregnancy, direct modulation of mitochondrial function could be a novel 
pathway, via which progesterone triggers non-genomic effects.

614
Short-term changes in serum sex steroid levels affect postprandial 
triglyceride metabolism in healthy young men
B.M. Lapauw1, D.M. Ouwens2, L.M. ‘t Hart2, B. Wuyts3, G.G. T’Sjoen1,  
J.-M. Kaufman1, J.B. Ruige1; 
1Department of Endocrinology, Ghent University Hospital, Belgium, 
2Department of Molecular Cell Biology, Leiden University Medical Center, 
Netherlands, 3Laboratory for Metabolic Diseases, Ghent University Hospital, 
Belgium.

Background and aims: Male hypogonadism is associated with obesity and 
diabetes, which suggests a relation between sex steroid status and glucose 
and/or lipid metabolism. However, it is not clear if this is due to direct hor-
monal effects or results from changes in body composition. By this interven-
tion study, we investigated whether short-term changes in sex steroid levels 
directly affect post-meal lipid-handling in healthy young men.
Materials and methods: In order to obtain two contrasting groups with high 
estradiol (E2) and low testosterone (T) vs. low E2 and high T levels, healthy 
young men (aged 20-40 yrs) were randomized to receive either an aromatase 
inhibitor (letrozole 2.5 mg daily) plus an E2 patch (75µg/day) (group 1; n=10) 
or letrozole only (group 2; n=10), for a duration of 7 days. All subjects ingest-
ed a mixed-meal (1000 KCal - 45% fat, 36% carbohydrates, 19% proteins) and 
blood samples were taken up to 5 hours post-meal to assess the postprandial 
triglyceride (TG)-response. Changes in response between both groups were 
assessed using longitudinal mixed-effects modeling analyses.
Results: In group 1, mean E2 levels rose 43% and T levels decreased 44%, where-
as mean T levels rose 114% and E2 levels decreased 56% in group 2. Fasting 
TG levels did not change in either group (P>0.12). However, postprandial TG-
response was differentially affected by treatment in both groups. Following 7 
days of treatment, the increment in postprandial TG levels in group 1 was faster 
as compared to baseline (+0.54 mg/dL/min vs. +0.50 mg/dL/min; P = 0.010), 
whereas this was slower in group 2 (+0.44 mg/dL/min vs. +0.50 mg/dL/min; P = 
0.036), resulting in a significant treatment effect (P = 0.006) (see Figure).
Conclusion: Short-term administration of letrozole plus E2 in healthy young 
men appeared to have direct elevating effects on the postprandial TG-re-
sponse. Contrasting effects were observed in men treated with letrozole only, 
displaying a lower postprandial TG-response. These data suggest that part 
of the increase in metabolic risk in obesity in males might be explained by 
adverse affects on lipid-handling by changed sex steroid levels.

615
Role of sex hormones in insulin resistance - a lesson from the Aromastase 
Knockout (ArKO) mouse
M.L. Van Sinderen1,2, J. Chow1,2, G. Steinberg3, S.B. Jorgensen3,  
J. Honeyman3, E.R. Simpson1, M.E.E. Jones1, W. Boon4,1; 
1Prince Henrys Institute of Medical Research, Clayton, 2Anatomy and 
Developmental Biology, Monash University, Clayton, 3St Vincents Institute, 
Melbourne, 4Howard Florey Institute, Melbourne, Australia.

Background and aims: Sex hormones such as estrogens and androgens are 
known to influence development of insulin resistance and adiposity, which 
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contribute to many disease processes such as type 2 diabetes and the Metabol-
ic Syndrome. Estrogen (E2) and testosterone (T) are known to have bi-phasic 
effects on insulin resistance in a dose-dependent manner. To research the 
effects of sex hormones on insulin resistance we studied Aromatase knockout 
(ArKO) mice which are unable to convert androgens to estrogens.
Materials and methods: Glucose and pyruvate tolerance and insulin sensi-
tivity of 12, 24 and 52 week-old animals were assessed by Glucose Tolerance 
Test (GTT; ip glucose injection, 1mg/g of body wt), Insulin Tolerance Test 
(ITT; ip insulin injection, 0·05 or 0.025U/g) and Pyruvate Tolerance Test 
(PTT; pyruvate injection 1mg/g of body wt) after a 6-8h (GTT and ITT) or 
overnight fast (PTT). Blood glucose concentrations were measured at 0, 20, 
40, 60, 90 and 120 min. Fed, fasted and GTT (20min) blood insulin concen-
trations were measured.
Results: Sexually dimorphic differences were observed between the male and 
female ArKO mice. Male ArKO mice by 12 wks of age present with hypergly-
cemia and significant glucose and pyruvate intolerance and signs of reduced 
insulin sensitivity. Similar phenotypes are present in 24- and 52-wk-old male 
ArKO mice. Upon estrogen treatment, these phenotypes were corrected to 
WT levels. Only ArKO males develop hepatic steatosis which may be a con-
tributing factor in the development of the insulin resistant state. Female ArKO 
mice by 12 wks of age show signs of hyperglycemia and glucose intolerance 
with trends continuing at 24wks. They also develop significant pyruvate in-
tolerance and reduced insulin sensitivity. Surprisingly, upon administration 
of 17β-estradiol (E2, 0.0025mg/day) to 12 and 24wk female ArKO mice, we 
observed no improvement of the insulin resistance phenotype. Further, upon 
E2 administration to 12wk WT mice, we saw a similar development of insu-
lin resistance as seen in the plus E2 treated ArKO mice. We hypothesise that 
high estrogen levels may have a negative effect on insulin sensitivity. An ex-
ample of a physiological state in which estrogen levels are high is pregnancy. 
The National Institute of Health (NIH) estimate that 7% of women develop 
gestational diabetes with 40% increased risk of developing type 2 diabetes 
later in life. By 52wks no differences were observed between the ArKO and 
WT females. This maybe attributed to WT females now showing significantly 
increased basal glucose levels and reduced sensitivity to insulin. WT females 
at this age have completed natural cycling - a state similar to human ‘meno-
pause’ with low E2 levels making them more hormonally similar to the ArKO 
mouse. Upon E2 administration to the 52wk old ArKOs there was an im-
provement of glucose and pyruvate tolerance and insulin sensitivity. We are 
currently elucidating the mechanism/s that underpins our observations.
Conclusion: Estrogen may have biphasic effects on insulin sensitivity in fe-
male animals.
Supported by: NHMRC # 494802 and Monash University Scholarship

616
Estradiol derivative PE0607 decreases visceral obesity and improves 
insulin sensitivity in ovariectomized rats fed on a high fat diet
N. Gorbenko, K. Taran, A. Borikov, S. Oksenenko, O. Ivanova,  
A. Stepanova, F. Yaremenko; 
Pharmacology, Institute of Endocrine Pathology Problems, Kharkiv, 
Ukraine.

Background and aims: It is believed that estrogen deficiency contributes im-
portantly to the pathogenesis of menopausal metabolic syndrome and symp-
toms can be ameliorated with estradiol therapy Estrogens have been found to 
reduce coronary heart disease and to have favorable effects on glycaemic and 
lipid profiles. However, the risks of adverse health effects must be balanced 
against the benefits associated with hormone replacement therapy. The aim of 
the study was to assess the effects of novel estradiol derivative PE0607 (P) on 
the visceral fat accumulation and insulin resistance development in ovariect-
omized (OVX) rats fed on a high-fat diet (HFD).
Materials and methods: Wistar rats were divided into three groups: OVX 
group fed on a regular diet (OVX, n=8), OVX rats fed on a HFD for 4 months 
(OVX+HFD, n=8), and OVX rats treated with P (20 µg/kg/day per os) dur-
ing the last 2 months of HFD feeding (OVX+HFD+P). Bilateral ovariectomy 
was applied to the animals under anaesthesia. At the end of the study fasted 
rats were subjected to the glucose tolerance test (GTT, 3 g/kg i.p.). Indexes 
of insulin resistance (IR) were determined using the homeostasis model as-
sessment methods (HOMA) and quantitative insulin sensitivity check index 
(QUICKI). Plasma levels of non-esterified fatty acids (NEFA), triglycerides 
(TG) and alanine aminotransferase (ALT) were assessed as parameters of 
insulin resistance. Visceral fat weight was calculated as the sum of the retro-
peritoneal, mesenteric, and epigonadal fat pad weights.

Results: HFD induced obesity (body weight was increased by 52%) and se-
vere insulin resistance in OVX rats, as indicated by higher HOMA-IR index 
(OVX+HFD: 8.91±0.70 vs OVX: 3.39 ±0.30, p<0.001) and lower QUICKI 
(p<0.01) indexes. The combined weight of the abdominal fat depots was 
threefold greater in the HFD animals compared with OVX rats on a regular 
diet (p<0.001). OVX+HFD group also developed glucose intolerance, hyper-
triglyceridemia, elevated NEFA levels, and ALT activities (p<0.01). Adminis-
tration of P ameliorated HFD-induced glucose intolerance. Area under curve 
over the GTT was OVX+HFD+P: 1375±101 mM x hour vs OVX+HFD: 
1837±145 p<0.01; OVX: 1071±176. The treatment with P decreased insulin 
resistance (HOMA-IR index OVX+HFD+P: 2.97±0.28, p<0.01), triglyceride 
concentration (OVX+HFD+P: 0.75±0.08 vs OVX+HFD: 1.38±0.27 mmol/l, 
p<0.01), NEFA levels and ALT activity (p<0.02).The reduction in body weight 
gain in OVX rats treated with P was accompanied by a significant reduction 
in visceral fat (OVX+HFD+P: 16.2±1.6 g vs OVX+HFD: 32.3±4.5 g, p<0.001) 
P. In addition, there were no differences in uterine weights between OVX rats 
treated with P or vehicle.
Conclusion: These data demonstrate that the novel estradiol derivative 
PEO607 ameliorate adiposity and insulin resistance in OVX rats fed on a HFD 
without impact on the uterine weight .We suggest that the use of PE0607 may 
be beneficial for the treatment of obesity and associated metabolic distur-
bances in postmenopausal women.
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PKCδ augments IL-6 signalling and proinflammatory response
E. Wallerstedt; 
Department of Molecular and Clinical Medicine, Lundberg Laboratory for 
Diabetes Research, University of Gothenburg, Sweden.

Background and aims: We have previously shown in differentiated 3T3-L1 
adipocytes that insulin antagonizes interleukin-6 (IL-6) signaling and exerts 
anti-inflammatory effects by significantly reducing the Tyr-705 phosphoryla-
tion and nuclear translocation of the intracellular signaling molecule STAT3. 
Both insulin and IL-6 increase the Ser-727 phosphorylation of STAT3 but 
through two independent pathways. Ser-727 phosphorylation of STAT3 is 
important for the transcriptional activity of STAT3. The aim with the present 
study was to examine the importance of PKCδ for STAT3 phosphorylation 
and activation of proinflammatory genes in response to IL-6.
Materials and methods: Differentiated 3T3-L1 cells were cultured and pre-
incubated with or without the PKCδ inhibitor rottlerin (6 μM) for 30 minutes 
before stimulation with insulin (100 nM) and/or IL-6 (20 ng/ml) for 30 min-
utes up to 24 hours. Wt MEFs and PKCδ-/- MEFs were incubated with IL-6 
(30 ng/ml) and soluble IL-6 receptor (30ng/ml) for 60 minutes and 24 hours. 
RNA was extracted and the gene expression was analyzed with real-time RT-
PCR (TaqMan) while the proteins were analyzed by immunoblotting. Tran-
scriptional activity of STAT3 was analyzed by using a STAT3 transcription 
factor assay kit.
Results: Inhibition of PKCδ with rottlerin significantly reduced not only the 
Ser-727 phosphorylation, but also Tyr-705 phosphorylation of STAT3. As 
a consequence, both nuclear translocation of STAT3 and the IL-6-induced 
gene transcription of the inflammatory molecules SAA3 and haptoglobin 
were reduced, as well as the transcription of the negative feed-back inhibi-
tor of IL-6, SOCS3. Similar to STAT3, we found that PKCδ translocated to 
the nucleus upon IL-6 addition and that rottlerin reduced this translocation. 
We also examined the importance of PKCδ for IL-6 signaling and action in 
Mouse Embryonic Fibroblasts (MEFs) lacking PKCδ expression. Similar to 
rottlerin, PKCδ-/- MEFs displayed a significantly reduced activation of SAA3, 
haptoglobin and SOCS3 compared to wt MEFs. These results correlated with 
an impaired nuclear translocation and a reduced Tyr-705 phosphorylation 
of STAT3.
Conclusion: Our results show that PKCδ plays a critical role for IL-6 signal-
ing and action. PKCδ seems to be an interesting target for the development 
of anti-inflammatory agents.
Supported by: Martina and Wilhelm Lundgren, Magn. Bergvalls, Thurings, 
Åke Wibergs foundations, GBG Läkaresällskap, HEPADIP (Contract LSHM-
CT-2005-018734)
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The role of macrophage migration inhibitory factor in obesity-associated 
type 2 diabetes
T. Cvjeticanin1, S. Stosic-Grujicic1, S. Sandler2, I. Stojanovic1; 
1Department of Immunology, Institute for Biological Research ‘‘Sinisa 
Stankovic’’, Belgrade, Serbia, 2Uppsala Biomedical Centre, Sweden.

Background and aims: Obesity-associated type 2 diabetes (T2D) develops 
as a consequence of inappropriate insulin action and is a state of persistent 
low grade inflammation. Both lipids and immune mediators are involved in 
maintaining this inflammatory process. Recently, elevated expression of pro-
inflammatory cytokine macrophage migration inhibitory factor (MIF) has 
been associated with obesity and glucose intolerance. Our preliminary data 
indicate that mice with MIF gene knock-out (MIF-KO) kept on standard diet 
gain more weight then their wild type (wt) counterparts C57BL/6 mice. In-
troduction of high fat diet (HFD) provoked considerable obesity in C57BL/6 
strain, while MIF-KO mice did not significantly increase their body weight. 
Furthermore, MIF-KO mice on HFD responded normally to glucose over-
load during intraperitoneal glucose tolerance test and preserved euglycemia 
compared to wt mice. Our next goal was to further examine involvement of 
MIF in the course of obesity-associated T2D induced by HFD.
Materials and methods: MIF-KO and C57BL/6 mice were fed a standard 
diet (10% fat) or HFD (60% fat) for 14 weeks. Pancreatic islets were isolated 

by collagenase V digestion and hand-picked. MIF mRNA expression in pan-
creatic islets from C57BL/6 mice was detected by Real-time PCR. Serum MIF 
and MIF secreted from cultured pancreatic lymph node cells (PLNC) were 
measured by ELISA. Serum insulin and insulin secreted from islets stimu-
lated by 1.7 mM or 16.7 mM glucose was measured by ELISA, while trig-
lycerides were determined spectrophotometrically after enzymatic digestion 
and oxidation.
Results: As expected, MIF serum level was elevated in C57BL/6 mice fed a 
HFD and accompanied with higher MIF expression in the islets and secretion 
in PLNC compared to mice on standard chow. This indicates a causal rela-
tionship between MIF and the development of obesity-associated T2D. Ac-
cordingly, MIF-KO mice which are inherently mildly obese did not respond 
to HFD as wt mice and maintained normal levels of triglycerides and insulin. 
In addition, when challenged with glucose MIF-KO mice on HFD secreted 
less insulin compared to C57BL/6 mice. Also, it was evident that pancreatic 
islets from MIF-KO mice on HFD preserved normal function compared to 
wt mice as observed by their better response in glucose-stimulated insulin 
release test.
Conclusion: Our results indicate that MIF is probably required for optimal 
manifestation of obesity-associated T2D in mice since lack of MIF ensures 
normal glucose, insulin and triglycerides levels. These data implicate a poten-
tial new approach for T2D treatment.
Supported by: an EFSD/Astra Zeneca grant and Serbian Ministry of Science 
(grant No 143029)

619
Transgenic mice overexpressing C reactive protein show reduced insulin 
secretion and impaired glucose homeostasis
M.L. Hribal1, M.F. Ruffo1, A. Greco1, T.V. Fiorentino1, D. Samols2, G. Sesti1; 
1University of Catanzaro Magna Graecia, Italy, 2Case Western Reserve 
University, Cleveland, United States.

Background and aims: Epidemiological studies indicate that increased plas-
ma C reactive protein (CRP) levels are associated with type 2 diabetes and 
glucose metabolism disorders, and even predict the development of these dis-
eases. We thus wished to investigate if the pro-inflammatory molecule CRP 
directly affects insulin sensitivity and glucose homeostasis in vivo.
Materials and methods: Transgenic mice(tgCRP) used in this study express 
the rabbit CRP transgene under the control of the PEPCK promoter. ELISA 
assays were used to evaluate CRP and insulin concentration in plasma ob-
tained from transgenic and wild-type (WT) mice. Fed and fasting insulin and 
glucose levels have been assessed in 3- and 6-months old mice and the mice 
have also been subjected to intraperitoneal glucose (IPGTT) and insulin tol-
erance (ITT) and acute-phase glucose-stimulated insulin secretion (A-GSIS) 
tests. For high fat diet studies, mice were fed a diet fcontaining 60% kcal as fat 
or 24 weeks after weaning. Statistical differences were assessed by Student’s t 
or two-ANOVA tests as appropriate
Results: We confirmed that TgCRP had serum CRP concentrations ranging 
between 10 and 20 μg/mL, comparable to those considered to confer high 
risk for atherosclerosis, insulin resistance, and type 2 diabetes in humans. 
We observed then a slight, but significant, increase of fasting glucose levels in 
3-months-old TgCRP as compared with WT littermates (98±13 and 119±17 
mg/dl for WT and TgCRP respectively, p<0.05, n=10-12), however fed glu-
cose levels were unaltered and IPGTTs and ITTs showed that young TgCRP 
had a normal glucose metabolism. By contrast, 6 months-old transgenic mice 
had significantly increased fasting (108±14 and 128.9±36 mg/dl for WT and 
tgCRP respectively, p<0.05, n=10-12) and fed (135±30 and 160±29 mg/dl for 
WT and tgCRP respectively, p<0.05, n=10-12) glucose and significantly lower 
insulin(3.3±2.3 ng/ml and 2.33±1.2 p<0.02 for WT and TgCRP respectively, 
n=8-10). IPGTTs and ITTs revealed that 6 months-old TgCRP have developed 
glucose intolerance ( p<0.05) and insulin resistance (p<0.05). Interestingly, 
when we performed A-GSIS tests to further elucidate the defects underlying 
this phenotype, we found that TgCRP mice release significantly less insulin at 
every time point examined (p<0.01), thus suggesting that the primary defect 
in TgCRP may be reduced insulin secretion. When we subjected mice to HFD 
for 24 weeks, TgCRP gained more weight than WT littermates (47.6±7.6 and 
51.5±3.69 grams for WT and TgCRP respectively, p<0.05, n=6-8 ), and had 
significantly higher fed (204±55.32 and 257±50.28 mg/dl for WT and TgCRP 
respectively p<0.05, n=6-8) and fasting (133.6±31.9 and 149±30.38 mg/dl for 
WT and TgCRP respectively, p<0.05, n=6-8) glucose levels and significantly 
lower fasting insulin levels (2.2±1.3 and 2±1 for WT and TgCRP respective-
ly p<0.05, n=6-8); IPGTT tests revealed that TgCRP develop a significantly 
higher glucose intolerance than their WT littermates (p<0.05, n=6-8).
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Conclusion: Our data suggest that CRP may directly affect glucose metab-
olism and, notably, insulin secretion in vivo. TgCRP may thus represent a 
model to study the progression from a chronic low-level, inflammatory state 
to full-blown type 2 diabetes and to identify potential therapeutical interven-
tion points to stop the progression of the disease.
Supported by: SID Research Grant 2008 to G.Sesti
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C-reactive protein mediates the association of liver fat and carotid intima 
media thickness in men with the metabolic syndrome and/or type 2 
diabetes
N.J. Van Der Zijl1, M.H.A. Muskiet1, M.E. Tushuizen1, L.J. Rijzewijk1,  
P.J. Pouwels2, M. Diamant1; 
1Department of Endocrinology / Diabetes Centre, 2Department of Physics 
& Medical Technology, VU University Medical Centre, Amsterdam, 
Netherlands.

Background and aims: Liver fat content is closely related with features of 
the metabolic syndrome (MetS), including central obesity, dyslipidaemia and 
glucometabolic disorders. Liver fat is also associated with increased risk of 
cardiovascular disease (CVD). Mechanisms underlying this association are 
incompletely understood. The liver-derived pro-inflammatory marker C-re-
active protein (CRP), has been associated with increased CVD risk. We as-
sessed the inter-relationships of liver fat, subclinical atherosclerosis and CRP 
in men with uncomplicated type 2 diabetes (T2DM) and/or the MetS and 
healthy controls.
Materials and methods: Liver fat was quantified by proton magnetic reso-
nance spectroscopy in 16 men with known T2DM (mean±SD age 55.4±4.8 
yrs), 36 men with the MetS, according to IDF criteria, (55.5±7.0 yrs) and 21 
age-matched healthy men (56.8±7.4 yrs). High liver fat content was defined 
as liver fat percentage ≥5.56%. Carotid intima media thickness (cIMT) was 
measured by ultrasound. Relations of liver fat, cIMT and high sensitivity CRP 
were analyzed by univariate and multivariable regression.
Results: Median (IQR) liver fat percentage was highest in T2DM, as com-
pared to MetS and controls [17.8% (9.4-39.8); 8.2% (4.2-14.2); 5.4% (2.4-
8.4), respectively; ANOVA P<0.001]. Subjects with high versus low liver fat 
content had higher cIMT (P=0.050) and CRP (P=0.001). In all subjects, liver 
fat content was associated with cIMT (r=0.253; P=0.039) and CRP (r=0.425; 
P<0.001). This association between liver fat content and cIMT disappeared 
after adjustment for CRP. The association of cIMT with CRP (r=0.322; 
P=0.011) remained unchanged after adjustment for age, BMI, waist, blood 
pressure, HbA1c, fasting plasma glucose, or triglycerides.
Conclusion: Liver fat content is associated with carotid artery subclinical 
atherosclerosis in men with the MetS and/or uncomplicated T2DM. Since 
this association disappeared after correction for plasma CRP we suggest that 
this circulating inflammatory marker mediates the relationship between liver 
fat and subclinical atherosclerosis in this high risk population.

621
Plasma C-reactive protein, apolipoprotein B and triglycerides/HDL-
cholesterol ratio as cardiometabolic risk factors in adolescents with and 
without metabolic syndrome
C. Musso, M. Graffigna, J. Soutelo, M. Honfi, L. Ledesma, V. Miksztowicz, 
M. Migliano, L. Litwak, I. Sinay, G. Berg; 
Sociedad Argentina de Endocrinologia y Metabolismo, Capital Federal, 
Argentina.

Background and aims: The prevalence of the metabolic syndrome (MS) has 
increased worldwide. That imposes a substantial risk for type 2 diabetes and 
premature cardiovascular disease in adults. However to date no unified cri-
teria exist to assess risk or outcomes in children and adolescents. The obje-
tive was to establish the prevalence of MS and risk factors for cardiovascular 
disease in adolescents.
Materials and methods: Adolescents from high school were studied (n=943), 
429 females and 514 males, ages range from 11 to 14 years old. Weight, height, 
body mass index (BMI), waist circumference (WC), and blood pressure were 
determined in all patients. Glycemia, lipid and lipoprotein profile, apolipo-
protein B (Apo B) and high sensitivity C-reactive protein (hs-CRP) levels 
were measured after an overnight fast of 12 hours. Triglycerides/HDL-Cho-
lesterol ratio (TG/HDL) was calculated.. Metabolic syndrome was diagnosed 
according to the NCEP: ATP III criteria modified by Cook et al. A parent or 

guardian gave consent for participation. The protocol was approved by the 
ethics committee.
Results: Prevalence of metabolic syndrome was 5.45% in the male group 
and 1.63% in the female group. MS group presented higher TG/HDL ratio 
than those without MS, median (range): 3.58 (0.94-7.4) vs 1.38 (0.63-7.59), 
p<0.001; no differences in hs-CRP were observed between groups: 1.7 mg/
L (0.1-8.3) vs 1.20 mg/L (0.1-8), respectively. Apo B (mean±SD) was 74.1 
± 6.3 mg/dl in MS group and 46 ± 15.7 mg/dl in those without MS (p= 
0.001). TG/HDL ratio positively correlated with BMI (r=0.18, p <0.001), WC 
(r=0.24,p<0.001), and Apo B (r=0.24, p<0.001). Although no differences be-
tween groups were observed, hs-CRP correlated with WC (r=0.14, p<0.001) 
and BMI (r=0.17, p< 0.001).
Conclusion: Even when prevalence of MS in our patients was low, in those 
patiens who had MS atherogenic lipoprotein parameters were higher. How-
ever the inflamatory marker was not different between groups. The risk to 
develop cardiovascular disease was clearly higher in the group with MS than 
in the group without MS. These findings emphasize the importance to evalu-
ate cardiovascular risk factors in adolescents to assess strategies to prevent 
future disease.

622
Metabolic endotoxaemia and saturated fat contributes to circulating 
NGAL concentrations in subjects with insulin resistance
J.M. Fernandez-Real1, J. Moreno-Navarrete1, M. Manco2, J. Ibáñez3,  
E. García-Fuentes4, F. Ortega1, M.R. Chacón5, E. Gorostiaga3, J. Vendrell5,  
M. Izquierdo3, C. Martínez3, G. Mingrone6, F. Tinahones4, W. Ricart1; 
1Hospital of Girona, Spain, 2Scientific Directorate, Bambino Hospital, 
Roma, Italy, 3Studies, Research and Sports Medicine Center, Navarra, Spain, 
4Hospital Virgen de la Victoria de Málaga, Spain, 5University Hospital of 
Tarragona, Spain, 6Catholic University, Rome, Italy.

Background and aims: Lipocalin-2 (NGAL) is an innate immune system 
protein linked to insulin resistance and obesity, but the mechanisms behind 
these associations are poorly known. The aims of this study were 1) to evalu-
ate the cross-sectional association among serum NGAL concentration, circu-
lating inflammatory markers and insulin sensitivity; 2) To evaluate the effects 
of weight loss-induced changes in insulin sensitivity on circulating NGAL 
concentration and diurnal NGAL rhythm; 3) to test the acute effects of sat-
urated fatty acids on circulating NGAL concentration according to insulin 
resistance status; and finally, 4) to investigate the effects of LPS on NGAL 
concentration in adipose tissue explants and whole blood.
Materials and methods: We studied 4 cohorts: 1) a cross-sectional study in 
194 subjects (109 with normal glucose tolerance and 85 with type 2 diabetes); 
2) the changes in NGAL concentration induced by diet and weight loss in 36 
obese women (with circadian rhythm in 8 of them); 3) the effects of acute 
fat intake on circulating NGAL concentration in 42 morbidly obese subjects; 
and 4) LPS-induced NGAL secretion ex vivo (whole blood and adipose tissue 
explants). 
Results: In NGT subjects, circulating NGAL concentration was significant 
lower than in T2D subjects (61.1 ± 25.9 vs. 99.04 ± 52.3 ng/ml, p<0.001). 
Serum NGAL concentration was significantly associated with fasting triglyc-
erides, sTNFR2, and lipopolysaccharide (LPS) binding protein) in patients 
with type 2 diabetes. In obese subjects, the intake of saturated fatty acids 
contributed independently to 14 % of NGAL variance. Weight loss changed 
significantly the circadian rhythm of NGAL. The acute increase in circulat-
ing NGAL after fat-overload was significantly associated with fasting insulin 
(r=0.52, p<0.001), HOMA-IR (r=0.36, p=0.02) and post-load triglyceride 
concentrations (r=0.38, p=0.018). ). In ANOVA analysis, we found a signifi-
cant association between the changes in circulating NGAL and HOMA-IR 
status (p=0.03). LPS-induced NGAL secretion from adipose tissue explants 
did not change significantly but LPS led to a significant increase in NGAL 
concentration in whole blood from patients with type 2 diabetes (1.86 ± 0.12-
fold, p= 0.003).
Conclusion: In summary, metabolic endotoxemia and saturated fat contrib-
utes to circulating NGAL concentration in patients with insulin resistance.
Supported by: The Ministerio de Educación y Ciencia and CIBEROBN 
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Inflammation markers and metabolic characteristics of subjects with 
1-hour hyperglycaemia
G. Bardini, I. Dicembrini, C.M. Rotella; 
Obesity Agency, Department of Clinical Pathophysiology, University of 
Florence, Italy.

Background and aims: Chronic subclinical inflammation may be associated 
to a worsening of glucose metabolism and cardiovascular disease risk factors 
(CV risks) such as pre-diabetes (pre-DM). Recently, 1-hour hyperglycaemia 
(1hPG) after an oral glucose load (OGTT) with a cut point of 155 mg/dl, has 
been indicated as a risk factor to develop type 2 diabetes. Aim of this study 
is to evaluate the association of 1hPG and inflammation markers in subjects 
with normal glucose tolerance (NGT) and pre-DM.
Materials and methods: We examined a consecutive series of 1549 subjects 
aged 44.8±14.2 years with a body mass index (BMI) of 34.8±7.3 kg/m2 with 
no history of diabetes or inflammatory diseases and without drugs interfer-
ing with glucose or lipid metabolism, seeking treatment for overweight or 
obesity. Glucose tolerance was determined after overnight fasting by a stand-
ard OGTT (75 g) with blood samples at 0’, 60’, 120’ for glucose and insulin; 
the cut point of 1hPG>155 mg/dl was applied for each subject, subdividing 
all patients with NGT and pre-diabetes (impaired fasting glucose and im-
paired glucose tolerance) above or below the cut off of 1hPG: NGT-high, 
NGT-low, pre-DM-high and pre-DM-low. Insulin resistance were evaluated 
by HOMA2-IR computer model. A lipid profile for total and HDL cholesterol 
(HDL-C) and triglycerides was performed. Triglycerides/HDL cholesterol 
ratio (Tg/HDL-C) >3.5 and total cholesterol/HDL-C ratio (TC/HDL-C) >5 
were considered for CVD risk; moreover, uric acid, and inflammatory mark-
ers such as fibrinogen and leucocytes count (WBC) were determined.
Results: In the sample studied, according to American Diabetes Association 
criteria, 46.2% subjects were NGT, 40.5% with pre-diabetes and 13.2% with 
type 2 diabetes. NGT and pre-DM subjects with 1hPG>155 mg/dl showed a 
significant increase (p<0.05) of inflammatory markers versus those patients 
below 1hPG cut point. In age-sex-BMI-adjusted analysis, 1-hour hyperglycae-
mia is associated with a significant high levels of WBC count and fibrinogen. 
Tg/HDL ratio was significantly higher in NGT-high vs NGT-low (3.6±2.8 vs 
2.8±2.4, p<0.05) such as TC/HDL ratio (4.6±1.5 vs 4.2±1.4, p<0.05). In pa-
tients with pre-DM, those with pre-DM-high showed a significant higher lev-
els of Tg/HDL ratio (4.2±3.8 vs 3.5±2.4, p<0.05) and TC/HDL ratio (5.0±1.6 
vs 4.5±1.5, p<0.05) than pre-DM-low individuals. The distribution of sub-
jects with high levels of lipid ratios shows a significant increase of prevalence 
of 1hPG-high versus 1hPG-low groups. In particular, in the category of NGT, 
subjects with Tg/HDL ratio>3.5 were 38.6% vs 17.7% (1hPG-high vs 1hPG-
low) and TC/HDL>5 patients were 34.0% vs 22.3%, respectively. The two 
categories of 1hPG for the pre-DM group showed 41.3% vs 30.3% of patients 
with Tg/HDL ratio>3.5 and 43.7% vs 34.0% of subjects with TC/HDL>5. 
In NGT and pre-DM subjects, no significant difference has been shown for 
HOMA2-IR levels between 1hPG-high and 1hPG-low groups.
Conclusion: High 1hPG in normal glucose and pre-DM state is associated 
to an higher levels of inflammatory markers and lipid ratios exposing those 
subjects to an increase CV risk, despite no significant difference in insulin 
resistance levels.

624
Increased levels of proinflammatory cytokines are associated with 
impaired immune activity of natural killer (NK) cells of prediabetic 
subjects (PS)
A. Czech1, P. Piatkiewicz1, M. Nowaczyk2, J. Marek1; 
1 Department of Internal Medicine and Diabetology, 2Department of 
Clinical Immunology, Warsaw Medical University, Poland.

Background and aims: Inflammatory mechanisms are believed to be in-
volved in the pathogenesis of diabetic complications. Diabetic hyperglycemia 
may suppress the function of peripheral blood NK cells. Recent experimental 
studies have shown significant differences in immune activity of NK cells of 
Type 2 diabetic patients in comparison to healthy subjects. The aim of this 
study was to asses the relation between the plasma concentration of selected 
proinflammatory cytokines (interleukin 1; IL-1 and interleukin 6; IL-6) and 
the number and activity of NK cells obtained from PS.
Materials and methods: The study group included 12 newly-diagnosed (ac-
cording to WHO definition) PS, naive to any hypoglycaemic drugs and 8 nor-
moglycaemic control subjects (CS) matched for sex, BMI and waist circum-

ference. Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll 
gradient centrifugation. Immunofluorescent phenotyping of NK (CD16+) 
cells in PBMC was performed using specific murine anti-human CD16 PE-
conjugated monoclonal antibodies. The K562 human erythroleukemia cell 
line was used as the standard target for human NK cytotoxicity assay. K562 
were labelled with DIO(3,3-dioctadecyloxacarbocyanine perchlorate). Target 
and effector cells were added to reach effector/target rations: 50:1 ,12:1. Dead 
target cells were stained with PI (propidium iodide). After 4 hours of incuba-
tion data were collected for analysis on the Becton-Dickinson FACScalibur 
flow cytometer. The data was analyzed using Cell Quest software. Concen-
trations of IL-1 and IL-6 were determined using fluorescent cytometric mi-
crobead assay. Plasma aliquots were incubated with color-coded fluorescent 
microbeads labeled with antibodies against respective cytokines. The fluo-
rescence intensity was determined using dual-laser detector and cytokines 
concentrations were read from standard curve.
Results: PS exhibited higher insulin resistance reflected by HOMA-IR 
(3.21±2.32) compared to control group (1.96±1.18, p=0.03). Plasma concen-
trations of investigated cytokines were significantly higher in the PS com-
pared to CS (IL-1: 1.36±1.27 vs 0.35±0.31 pg/ml, p=0.01; IL-6: 4.09±3.30 vs 
2.12±1.13 pg/ml, p=0.03). Correlations between cytokines and HOMA-IR 
were weak and non-significant (all p>0.05). The PS in comparison to healthy 
subjects had an increased number (12,45±5,8% vs 9,63±4,7%) but decreased 
activity (4,4±2,0% vs 9,2±3,7%) of NK cells (p=0.01). Correlations between 
cytokines and both the number and activity of NK cells were statistically sig-
nificant (p<0.05).
Conclusion: In the prediabetic state the increased number and decreased 
activity of peripheral NK cells are associated with high excretion of proin-
flammatory cytokines (IL-1, IL-6). This supports the hypothesis that inflam-
mation is involved in the pathogenesis of early impairment of NK cell killing 
function. Inflammation markers are likely to be useful in the screening of 
metabolically vulnerable individuals.

625
Matrix metalloproteinases in type 2 diabetes and in non-diabetic 
controls: effects of short-term and chronic hyperglycaemia
K.C. Lewandowski1, E. Banach2, A. Lewinski1; 
1Department of Endocrinology & Metabolic Diseases, The Medical 
University of Lodz, 2Department of Internal Medicine, St Alexander 
Hospital, Kielce, Poland.

Background and aims: Matrix metalloproteinases (MMPs) remodel ex-
tracellular matrix in various physiological and pathological conditions, in-
cluding cancer, inflammatory states and cardiovascular disease. The role of 
MMPs in type 2 diabetes (DM) is not clear as increased activation of MMPs 
in vasculature contrasts with decreased activity of MMPs in kidneys, thus 
contributing to the development of diabetic nephropathy. In our study we 
have aimed to assess the effects of transient versus chronic hyperglycaemia on 
concentrations of MMPs.
Materials and methods: We measured serum MMP-2, MMP-9 in 22 sub-
jects with type 2 DM, age (mean±SD) 56.7±16.8 years, BMI 31.8±4.6 kg/m², 
HbA1c 8.45±1.78% and in 32 Controls, age 39.2±16.0 years, BMI 35.2±8.5 
kg/m². In 15 subjects with type 2 DM we also measured MMP-2 and -9 at dis-
charge from hospital and after three months (n=8). In a subgroup of Controls 
MMP-2 and -9 were also measured during 75 gram oral glucose tolerance 
test (OGTT).
Results: Concentrations of MMP-2 and MMP-9 were lower in subjects with 
type 2 DM (219±62ng/ml versus 305±63ng/ml and 716±469ng/ml versus 
1285±470ng/ml, for MMP-2 and MMP-9, respectively, p<0.05). Control sub-
jects were younger (p<0.05), however, without statistical difference in BMI 
between the groups. MMP-9 concentrations fell at 120 minutes of OGTT 
from 1675±372 ng/ml to 1276±422 ng/ml, p<0.05). In diabetic subjects there 
was a correlation between MMP-9 and HbA1c (r=0.51, p<0.05). In patients 
with diabetes there was no difference in MMP-2 at the time of admission 
versus discharge from hospital with a trend towards lower MMP-9 (p=0.08, 
n=15) at discharge, that became significant at three months post-discharge 
(p<0.05).
Conclusion: Concentrations of MMP-2 and MMP-9 were lower in subjects 
with type 2 diabetes than in non-diabetic controls. Regulation of MMPs ap-
pears to be, however, complex as hyperglycaemia during OGTT results in a 
decrease in MMP-9, while chronic hyperglycaemia, reflected by HbA1c, cor-
relates with MMP-9 concentrations in subjects with type 2 diabetes.
Supported by: The Medical University of Lodz, Poland
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626
Serum IL-18 concentration is increased in obese subjects with impaired 
glucose tolerance and related to the markers of atherogenesis
I. Kowalska, M. Straczkowski, A. Nikolajuk, A. Adamska,  
M. Karczewska-Kupczewska, A. Lebkowska, M. Gorska; 
Department of Endocrinology, Diabetology and Internal Medicine, Medical 
Univeristy of Bialystok, Poland.

Background and aims: IL-18 is considered as a proinflammatory and proath-
erogenic factor. Therefore the aim of the present study was to asses the serum 
IL-18 concentration in relation to insulin sensitivity and markers of endothe-
lial dysfunction in obese subjects with normal (obese-NGT) and impaired 
glucose tolerance (obese-IGT).
Materials and methods: The study group consisted of 87 lean subjects with 
NGT (control group), 120 obese-NGT and 41-obese IGT. In the entire group 
OGGT, euglycemic hyperinsulinemic clamp and estimation of serum con-
centration of IL-18, soluble intercellular adhesion molecule 1 (sICAM-1) and 
soluble E-selectin (sE-selectin) were performed.
Results: Serum IL-18 concentration was the highest in obese-IGT group 
(327.9±132.8 pg/ml vs 282.9±123.9 pg/ml, p= 0.01 in obese-NGT and 
238.3±121.3 pg/ml, p=0.002 in the control group). Obese-IGT subjects had 
also the lowest insulin sensitivity and the highest concentration of sICAM-
1 and sE-selectin (all p<0.05 for comparisons with obese-NGT and control 
group). In the entire group serum IL-18 was inversely correlated with insulin 
sensitivity (r=-0.32, p<0.0001), HDL-cholesterol (r=-0.022, p<0.0001) and 
positively related to systolic (r=0.19, p=0.003) and diastolic blood pressure 
(r=0.18, p=0.004), fasting glucose (r=0.25, p<0.0001), TG (r=0.39, p<0.0001), 
sICAM-1 (r=0.41, p<0.0001), sE-selectin (r=0.325, p<0.0001). All these corre-
lation were also present in all subjects with NGT. In the obese-IGT group, se-
rum-IL-18 were related to fasting glucose (r=0.47, p=0.002), insulin (r=0.325, 
p=0.046), sICAM-1 (r=0.72, <0.0001) and sE-selectin (r=0.33, p=0.037).
Conclusion: Our data indicate that IL-18 might contribute to the proathero-
genic state observed in IGT.
Supported by: Medical University of Bialystok, Poland
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Expression of the bone morphogenetic protein receptor 2 (BMPR2) 
mRNA in adipose tissue and BMPR2 genetic variation are related to 
human obesity
D. Schleinitz1, N. Klöting2, Y. Böttcher2, S. Wolf2, K. Ruschke2, K. Dietrich1, 
M. Koriath2, B. Enigk1, G.H. Scholz3, Y.-H. Tseng4, A. Tönjes2, M. Stumvoll2, 
M. Blüher2, P. Kovacs1; 
1Interdisciplinary Center for Clinical Research, University of Leipzig, 
Germany, 2Department of Medicine, University of Leipzig, Germany, 3St. 
Elisabeth Hospital, Institute for Preventive Medicine GmbH, Leipzig, 
Germany, 4Joslin Diabetes Center, Harvard Medical School, Boston, United 
States.

Background and aims: The human bone morphogenetic protein receptor 2 
(BMPR2), a family member of transmembrane serine/threonine kinases, is 
one of the specific BMP-receptors essential for BMP signalling during adipo-
genesis, osteogenesis and myogenesis. We hypothesized that BMPR2 mRNA 
expression in adipose tissue and genetic variation could be related to the 
pathophysiology of human obesity.
Materials and methods: BMPR2 mRNA expression was measured in 198 hu-
man paired samples of visceral and subcutaneous adipose tissue. The mRNA 
levels were compared between lean and obese subjects. To determine, wheth-
er genetic variants within the BMPR2 are associated with mRNA expression 
in fat and whether they are related to measures of obesity and fat distribution, 
we sequenced the BMPR2 in DNA samples from 48 non-related subjects from 
Eastern Germany. Ten representative variants including HapMap tagging sin-
gle nucleotide polymorphisms (SNPs) were genotyped for subsequent asso-
ciation studies on quantitative traits in 1808 subjects from Eastern Germany 
with a wide range of BMI distribution and glucose tolerance.
Results: Expression of BMPR2 mRNA was significantly increased both in 
visceral and subcutaneous fat of 51 overweight (BMI 25 - 30 kg/m2) and 91 
obese (BMI > 30 kg/m2) subjects compared with 56 lean subjects (BMI < 25 
kg/m2) (P<0.001). In a case control study including 461 lean and 678 obese 
subjects, two intronic SNPs (rs6717924 and rs13426118) were significantly 
associated with obesity (P<0.05, adjusted for age and sex). Consistent with 
this, we found significant associations of BMPR2 SNPs with BMI, % body fat 
and circulating serum leptin (adjusted P<0.05) in 896 non-diabetic subjects. 
Finally, the rs6717924 was significantly associated with BMPR2 mRNA ex-
pression levels in visceral fat (P=0.05, adjusted for age, sex and BMI).
Conclusion: Our data suggest a role of BMPR2 in the pathophysiology of 
human obesity. The association of genetic variants with obesity might be me-
diated via effects on BMPR2 mRNA expression in fat.

628
Thyroid hormone responsive Spot 14 increases during differentiation of 
human adipocytes and its expression is down-regulated in obese subjects
F.J. Ortega1, A. Vazquez-Martin2, J.M. Moreno-Navarrete1, J. Bassols1, J. 
Rodriguez-Hermosa3, J. Girones3, W. Ricart1, B. Peral4, F. Tinahones5, G. 
Fruhbeck6, J.A. Menendez2, J.M. Fernandez-Real1; 
1Service of Diabetes, Endocrinology and Nutrition, Institut d’Investigació 
Biomèdica de Girona (IdIBGi), 2Catalan Institute of Oncology (ICO), 
Institut d’Investigació Biomèdica de Girona (IdIBGi), 3Department of 
Surgery, Institut d’Investigació Biomèdica de Girona (IdIBGi), 4Instituto 
de Investigaciones Biomédicas Alberto Sols (IIB), Girona, 5Service of 
Endocrinology and Nutrition, Hospital Clinico Universitario Virgen 
de Victoria de Malaga, Girona, 6Department of Endocrinology, Clínica 
Universitaria de Navarra, Girona, Spain.

Aims: Thyroid hormone responsive spot 14 (THRSP or S14) has been postu-
lated to be involved in lipogenesis but very limited information regarding its 
role in adipogenesis and human adiposity is available. We aimed to evaluate 
S14 expression in human adipocytes and in fat samples from a cohort of sub-
jects who varied widely in terms of obesity and body fat distribution.
Materials and methods: We evaluated S14 during differentiation of human 
pre-adipocytes into mature adipocytes using an automated confocal imaging 
approach. We also studied the relative levels of S14 mRNA (assessed by RT-
PCR) in stromal-vascular cells (SVCs) and mature adipocytes (MAs) isolated 
from human fat biopsies. In parallel, we performed a cross-sectional study 
in which S14 gene expression levels were measured in 161 visceral and 87 
subcutaneous adipose tissue samples.
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Results: We report the occurrence of S14 up-regulation during the early stag-
es of differentiation of human pre-adipocytes accompanied by cytoplasmic 
accumulation of fatty acid synthase. These observations were most prominent 
in those individual cells exhibiting the more marked differentiation features. 
In agreement with these findings, S14 gene expression increased by ~130-
fold from pre-adipocytes to mature adipocytes. Interestingly, S14 levels were 
decreased in visceral adipose tissue from overweight (-42.0%) and obese sub-
jects (-56.5%) compared with lean subjects (p<0.05 and p<0.0001, respective-
ly). S14 gene expression was inversely associated with obesity measures such 
as body mass index (p=0.001), percent fat-mass (p=0.001), waist-to-hip ratio 
(p=0.02) and with systolic blood pressure (p=0.03). Otherwise, increased S14 
mRNA levels were found in stromal-vascular cells/pre-adipocytes (3.8-fold, 
p<0.05) and in whole adipose tissue samples (1.9-fold, p<0.0001) from sub-
cutaneous compared with visceral fat depots.
Conclusion: These results suggest that S14 is involved in human adipogen-
esis. The inverse association between S14 gene expression levels and obesity 
measures hints at a negative feed-back among adiposity, adiposity-related 
disorders and S14 gene expression levels.
Supported by: MEC, Generalitat de Catalunya, ISCIII
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Insulin increases natriuretic peptide clearance receptor expression in the 
subcutaneous fat depot in obese subjects: a clamp study
N.N. Rudovich1,2, O. Pivovarova1,2, A. Ernst3, Ö. Goegebakan1,2,  
A. Bergmann3, A.F.H. Pfeiffer1,2; 
1Clinical Nutrition, DIFE Potsdam-Rehbrücke, Nuthetal, 2Charite, CBF, 
Berlin, 3B.R.A.H.M.S AG, Berlin, Germany.

Background and aims: Atrial natriuretic peptide (ANP) is a cardiac hor-
mone that protects cardiovascular integrity through different mechanisms. 
Moreover ANP has multiple metabolic properties and it was recently dis-
covered to induce lipolysis. Obese subjects have reduced levels of circulating 
ANP for unknown reasons. An intensive weight reduction enhanced circulat-
ing ANP in obesity. Our recent observation suggested that insulin suppresses 
ANP levels in humans. To investigate a possible regulation of natriuretic pep-
tide receptors (NPRs) expression by insulin, we conducted hyperinsulinemic, 
eu- and hyperglycemic clamp experiments on obese subjects and determined 
the concentrations of circulating midregional proANP53-90, a stable prohor-
mone fragment co-released with mature ANP from proANP, and investigated 
the expression of three types of NPR´s in subcutaneous fat tissue.
Materials and methods: Hyperinsulinemic, euglycemic (EC) (4.4 mmol/l for 
240 min, n=10) and hyperinsulinemic, hyperglycemic clamps (7.8 mmol/l for 
240 min, n=7) were conducted on healthy obese non diabetic men. Natriu-
retic peptide receptors A, B and C were determined by QPCR in biopsies of 
subcutaneous fat tissue (-40 and 240 min of the clamp). Insulin and MR-
proANP53-90 levels were assessed at -70, 120 and 210 min of the clamp.
Results: MR-proANP53-90 levels decreased under insulin infusion at 120 
and 210 min in both clamps (p<0.05 for EC and p<0.01 for HC). Natriuretic 
peptide clearance receptor expression (NPRC) was increased 1.75 fold under 
insulin infusion in EC (p=0.04) and 1.3 fold in HC (p=0.02). A trend to an 
increase of NPRA expression was observed in HC (p=0.07) but not in EC 
(p=0.5). NPRB expression did not change in both clamps.
Conclusion: Acute insulin infusion increases expression of NPRC in sub-
cutaneous fat tissue independent of glucose concentration in obese subjects. 
Insulin thus may increase the elimination of ANP via regulation of NPRC 
and suppresses the secretion as shown by decreased MR-proANP53-90.
Supported by: German Federal Ministry of Education and Research

630
Adipocyte lipid-binding protein (ALBP) in subjects with different 
categories of glucose intolerance during acute hyperinsulinaemia
E. Krušinová1, P. Wohl1, K. Zídková1, L. Kazdová1, P. Mlejnek2,  
M. Pravenec2, T. Pelikánová1; 
1Diabetes Center, Institute for Clinical and Experimental Medicine, 
2Institute of Physiology, Academy of Sciences of the Czech Republic, Prague, 
Czech Republic.

Background and aims: Adipocyte lipid-binding protein (ALBP) has been 
shown to regulate lipid metabolism and to affect thereby insulin sensitiv-
ity. However, its regulation in human obesity and different stages of glucose 
intolerance has not been clarified yet. Our aims were to evaluate plasma 
concentrations of ALBP and its expressions in subcutaneous adipose tissue 

(SAT) during acute hyperinsulinaemia in subjects with different categories 
of glucose intolerance.
Materials and methods: 12 subjects with impaired glucose homeostasis 
(IGH), 11 patients with type 2 diabetes (D) and 11 age-matched healthy men 
- controls (C), underwent 2-hour hyperinsulinaemic (1 mU.kg-1.min-1) eug-
lycaemic (5 mmol/l) clamp to verify insulin sensitivity. Plasma concentra-
tions of ALBP were measured at 0 and 120 min of the clamp. Needle biopsy 
of abdominal subcutaneous fat was performed (0 and 30 min of the clamp) 
to assess the ALBP expression using the real-time PCR method. As a refer-
ence gene human cyclophilin was used. For statistical analysis ANOVA with 
repeated measures was used.
Results: Insulin sensitivity estimated as metabolic clearance rate of glucose 
(MCR) was significantly higher in C compared to D and IGH, whereas IGH 
did not differ from D: MCR (IGH: 4.47±0.66 vs. D: 4.88±0.49 vs. C: 9.12±1.0 
ml.kg-1.min-1; p<0.001 vs. C). Other anthropometric and metabolic param-
eters (fasting serum lipids, waist circumference, BMI) were comparable be-
tween IGH and D, and lower in C compared to other groups. Plasma con-
centrations of ALBP were lowest in C compared to D and IGH (p<0.001) 
at baseline as well as during the clamp, there were no significant differences 
between D and IGH. Relative expressions of ALBP were highest in D com-
pared to IGH and C (p<0.001) both at baseline and during the clamp; the 
differences between IGH and C were not significant. ALBP plasma concen-
trations significantly correlate with its expression in SAT (r=+0.45; p<0.05), 
BMI (r=+0.64; p<0.001), waist circumference (r=+0.70; p<0.001), fasting 
plasma glucose (r=+0.49; p<0.01) and fasting insulinaemia (r=+0.38; p<0.05) 
and negatively correlate with MCR (r=-0.42; p<0.05). Significant positive cor-
relations were found between ALBP expression and BMI (r=+0.46; p<0.01) 
or fasting plasma glucose (r=+0.60; p<0.001).
Conclusion: Our results support the hypothesis that ALBP expression and 
secretion are differentially regulated in different source tissues and depots 
during the progression of glucose intolerance: while ALBP plasma concen-
trations were comparable in IGH and D, the ALBP expressions in SAT were 
higher in D, which suggests the involvement of other important source of 
circulating ALBP in IGH than SAT. Our results also show the association of 
plasma ALBP with parameters of obesity, insulin resistance and dysregula-
tion of glucose metabolism.

ALBP plasma concentrations (ng/ml) and relative expression in SAT. Data 
expressed as mean±SEM.
Group p-ALBP (ng/ml) Relative expression (AU)

ALBP mRNA/cyclophilin mRNA
0 min 120 min 0 min 30 min

IGH 24.14±2.84 25.31±3.50 1062±114.3 734±70.03
D 22.61±2.77 19.68±1.99 2024±194.8 2382±330.3
C 12.92±1.89 13.04±1.76 769.4±77.46 730±86.23

Supported by: IGA MH CZ Grant No. NR 9359-3
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Histone lysine demethylase LSD1 is required for adipogenesis
M. Parrizas, M.M. Musri, R. Gomis; 
Laboratory of Diabetes and Obesity, IDIBAPS/CIBERDEM, Barcelona, 
Spain.

Background and aims: Obesity has reached epidemic proportions world-
wide, thus prompting a renovated interest on the mechanisms regulating the 
differentiation and function of the adipose cells. However, although the hor-
monal and transcriptional cascades involved in adipogenesis have been thor-
oughly examined, much less is known about the role of epigenetic phenom-
enons on the differentiation of adipocytes. We have previously shown that the 
promoters of key adipogenic genes display significant levels of dimethylation 
at the Lys 4 of histone H3 (H3K4Me2) in preadipocytes, where those genes 
are not yet expressed, even though H3K4Me2 is considered to be an acti-
vating epigenetic mark. Thus, we were interested in elucidating the role of 
histone methylation and the enzymes involved in regulating its turnover on 
adipogenesis.
Materials and methods: We knocked down the expression of different regu-
lators of histone methylation in 3T3-L1 preadipocytes by means of siRNA 
transfections. We studied the effects of knocking down those regulators upon 
adipogenesis, as well as upon the expression (measured by real time RT-PCR) 
and chromatin environment (by chromatin immunoprecipitation assays) of 
key adipogenic promoters.
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Results: We focused on the histone demethylase LSD1, which has been 
shown to demethylate both the positive signal H3K4Me2 and the repressive 
mark H3K9Me2, thus acting either as a repressor or an activator, depend-
ing on context. Our results show that adipogenesis in the absence of LSD1 is 
severely impaired, as measured by lipid accumulation and the expression of 
mature adipocyte-specific genes. This outcome is associated with decreased 
H3K4Me2 (37%, p<0.0005) and increased H3K9Me2 (235%, p<0.0005) levels 
at the promoter of the key adipogenic transcription factor Cebpa, which is 
silenced in preadipocytes but whose expression increases exponentially dur-
ing adipogenesis. Our data suggests that LSD1 acts as a H3K9 demethylase 
in this promoter, maintaining low levels of this repressive mark and probably 
counteracting the action of a H3K9 methyltransferase. We tested the possible 
involvement of the H3K9 methyltransferase SETDB1, since it has previously 
been shown to block adipogenesis in pluripotent precursor cells. In 3T3-L1 
preadipocytes, both LSD1 and SETDB1 are bound to the Cebpa promoter, but 
the recruitment of LSD1 increases after the start of differentiation, whereas 
the recruitment of SETDB1 decreases. Knocking down SETDB1 increases 
H3K4Me2 (202%, p<0.0005) and decreases H3K9Me2 (48%, p<0.001) at the 
Cebpa promoter, thus producing the opposite results to LSD1 knock down 
and suggesting that both factors might be involved in the same regulatory 
pathway.
Conclusion: Our data suggest that the expression and function of the pro-
teins involved in the regulation of histone methylation play a crucial role in 
the correct differentiation of adipocytes. Specifically, the histone demethylase 
LSD1, which is currently being explored as a possible target for cancer treat-
ment and has also been shown to be involved in diabetes and inflammatory 
pathways, is shown to be crucial for adipogenesis, thus offering new insights 
into the function of this pleiotropic transcriptional regulator and providing 
new targets for the treatment of diabetes and obesity.
Supported by: BFU2006-14251/BMC, SAF2006-07382 (MICINN, Spain) 
awarded to M.P. and R.G, and CB07/08/0009 (MSC, Spain) to R.G.
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Orexin regulates glucose and lipid metabolism - in vitro study on isolated 
primary rat adipocytes and 3T3-L1 cells
M. Skrzypski1, T.T. Le1, P. Kaczmarek2, E. Göncz1, E. Pruszyńska-Oszmałek2, 
D. Szczepankiewicz2, K.W. Nowak2, B. Wiedenmann1, M.Z. Strowski1; 
1Hepatologie, Gastroenterologie & Interdisziplinäres Stoffwechsel-Centrum/
Endokrinologie und Diabetes, Charité - Universitätsmedizin Berlin, 
Germany, 2Department of Animal Physiology and Biochemistry, Poznań 
University of Life Sciences, Poland.

Background and aims: Orexin regulates energy expenditure, food intake 
and sleeping behavior. Lack of orexin/orexin receptors is associated with 
increased body mass index and type 2 diabetes mellitus. Recently, we and 
others demonstrated that orexin receptors (orexin receptor 1 and 2) are ex-
pressed in the endocrine pancreatic islets and in adipose tissue in rodents. It 
is unknown, whether orexin regulates adipose tissue functions. We therefore 
studied the role of orexin in regulating the lipid and carbohydrate metabo-
lism in adipocytes.
Materials and methods: We used isolated primary rat adipocytes and 3T3-
L1-cells that were differentiated into adipocytes. We studied the short - (8 
hours) and long-term (up to 72 hours) effects of orexin A (OXA) on lipo-
genesis, lipolysis, glycerol secretion, glucose uptake and ATP levels. Further-
more, we characterized the effects of OXA on adiponectin and resistin secre-
tion and expression using RIA and Western blot analysis.
Results: We detected orexin receptor expression in both, differentiated 3T3-
L1 cells and primary rat adipocytes, with OX1R, as the predominant receptor 
subtype. Isolated adipocytes showed higher rate of lipogenesis after 2 hours of 
exposure to OXA, as compared to non-treated cells. In addition, OXA poten-
tiated the lipogenic effect of insulin. OXA increased intracellular triglyceride 
content after 24 and 48 hours of incubation and potentiated the effect of insu-
lin. OXA reduced glycerol secretion from adipocytes. OXA time-dependently 
increased glucose uptake by adipocytes and the intracellular ATP content. In 
addition, OXA increased the secretion and expression of adiponectin, while 
the secretion of resistin was attenuated.
Conclusion: We identify orexin A as an anabolic factor which enhances 
glucose uptake and lipogenesis. In addition, orexin enhances the effects of 
insulin on lipid and glucose metabolism, suggesting possible insulin sensitiz-
ing activity. Furthermore, orexin stimulates adiponectin and inhibits resistin 
secretion. In summary, the effects of orexin on adipose tissue may represent 
mechanisms, by which orexin lowers hyperglycemia, an effect previously re-
ported in animal models of type 1 and type 2 diabetes mellitus.

633
Adiponectin independently improves endothelial dysfunction in obese 
rats
G. Deng, Y. Yu, M. Li; 
Endocrinology and metabolism, West China Hospital of Sichuan University, 
Chengdu, China.

Background and aims: Hypoadiponectinemia has been proved to be closely 
related to vascular endothelial dysfunction and is thought to be an independ-
ent risk factor for cardiovascular disease. The aim of this study was to de-
termine whether adiponectin might independently improve endothelial dys-
function in aorta isolated from high-fatty diet induced obese rats.
Materials and methods: Two weeks aged male SD rats were assigned to con-
trol group (fed with normal chow) and OB group (fed with high-fat food). 
Aortic rings were extirpated at the end of six weeks and the rings obtained 
from OB group were sub-divided into three groups and incubated with ve-
hicle (OB-C group), globular adiponectin (OB-gAd group), or adiponectin 
plus L-NAME, the inhibitor of NO synthase, (OB-gAd-NAME) for 2 hr. The 
rings were placed into an organ bath and endothelial dependent or independ-
ent relaxation was tested with acetylcholine (Ach) or sodium nitroprusside 
(SNP). Total NO production (NOx) by aortic segments was determined by 
measuring the concentration of nitrite.
Results: Severe endothelial dysfunction (maximal vasorelaxation in response 
to ACh: 24.5±6.1 vs. 84.1±3.2% in control, P< 0.05) was observed in OB-
C group aortic segments, and treatment with gAd significantly improved 
endothelial function (49.6±7.4%, P<0.05). Concentration-dependent va-
sorelaxation in response to SNP, an endothelium-independent vasodilator, 
remained unchanged in these vessels. Total NO production was decreased in 
OB-C group vessels (6.39μmol/mg dw, vs. 13.47μmol/mg dw in control, P< 
0.01) and treatment with gAd increased total NO production in these ves-
sels (10.53μmol/mg dw, P< 0.05). Addition of L-NAME completely blocked 
vasorelaxation in response to ACh and NOx production in those vessels pre-
treated with gAd.
Conclusion: Impaired endothelial dependent vasodilatation is one of the 
hallmarks of vascular injury in patients with metabolic syndrome. The present 
study demonstrated that adiponectin is a unique cytokine that may directly 
and independently improves endothelial function by enhancing NO produc-
tion. Reduced adiponectin production and/or development of adiponectin 
resistance in patients with metabolic syndrome may play a critical pathogenic 
role in atherosclerosis.
Supported by: a National Natural Science Foundation of China
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TWEAK/Fn14 axis is related to hypoxia and endoplasmic reticulum 
stress markers
M.R. Chacón1, A. Megia1, F. Tinahones2, E. Caubet3, J. Mateu-Sanz4,  
V. Ceperuelo-Mallafrè1, J. Fernández-Real5, J. Vendrell1; 
1CIBERDEM.IISPV.Rovira i Virgili University, Tarragona, 2CIBEROBN. 
Hospital Virgen de la Victoria, Málaga, 3Surgery Department, Hospital 
St. Pau i Sta. Tecla, Tarragona, 4Departament d’ingenieria, Rovira i Virgili 
University, Tarragona, 5CIBEROBN. Hospital Josep Trueta, Girona, Spain.

Background and aims: Inflammation is a response to oxidative stress, endo-
plasmic reticulum (ER) stress and local hypoxia. These processes are highly 
integrated and work in vicious cycles.  Tumor necrosis factor (TNF)-like 
weak inducer of apoptosis (TWEAK) is a cytokine that controls many cel-
lular activities and is a new player in the inflammatory processes. TWEAK 
acts by binding to Fn14, a highly inducible cell-surface receptor that is linked 
to several intracellular signalling pathways, including NF-κB pathway. Fn14 
mRNA has been found to be increased in severely obese type 2 diabetic pa-
tients. It has been reported a preponderant role of TWEAK and Fn14 in brain 
ischemic injuries in human patients. TWEAK can stimulate angiogenesis. We 
hypothesize that TWEAK and Fn14 could act as pro-inflammatory cytokines 
in human obesity; been in time with micro-hypoxic events in adipose tissue. 
We aimed to explore the role of TWEAK mRNA expression in obesity and to 
investigate its relation to hypoxia and ER stress genes markers.
Research design and methods: Obese cohort: 19 lean, 28 overweight, and 15 
obese non-diabetic subjects. Severely obese cohort: 23 severely obese subjects. 
Type 2 diabetes (T2D) cohort: composed by 11 type 2 diabetic obese subjects. 
RNA from subcutaneous (SAT) and visceral (VAT) from 96 paired samples 
were obtained. Gene expression relative and quantification was assayed for: 
Fn14, TWEAK, VISFATIN HYOU1, FIAF, HIF-1a, VEGF, GLUT-1, GRP78 
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and XBP-1. Statistical analysis was performed by using the SPSS statistical 
package.
Results:
TWEAK/Fn14 expression
In obesity: TWEAK mRNA levels were significantly high expressed in SAT 
(p<0.001) whereas Fn14 was predominantly expressed in VAT samples 
(p<0.001). TWEAK and Fn14 expression levels both in SAT and VAT depots 
did not change among obesity groups.
The presence of T2D did not alter the expression of TWEAK and Fn14 in 
any depot.
In severe obesity: TWEAK and Fn14 mRNA were significantly over-expressed 
when compared to its control group independently of the adipose depot.
TWEAK /Fn14 expression in relation to hypoxia and ER
In obese and T2D cohorts
Regression analysis showed that SAT XBP-1 expression levels (B=0.514 
p<0.001) predicted the SAT TWEAK expression. The presence of T2D did 
not affect the results of the model. VAT TWEAK was predicted by WHR 
(B=0.007 p=0.006), and SAT FIAF (B=0.110 p=0.032).
SAT Fn14 expression was only predicted by SAT HIF-1α (B=1.3 p<0.001).
VAT Fn14 expression was predicted by WHR (B=3.7 p=0.003, FIAF (B=-0.42 
p=0.02, GRP78 (B=1.6 p=0.041) and XBP-1 (B=3.3 p<0.001).
In severe obese cohort
Regression analysis showed that SAT Fn14 expression was predicted by SAT 
VISFATIN (B=2.3 p<0.001), SAT GLUT-1 (B=5.8 p=0.001) and SAT VEGF 
(B=-5.5 p=0.015). VAT Fn14 expression was predicted by VAT XBP-1 (B=24.4 
p<0.001)
Conclusion: Tweak-Fn14 system seems to be closely associated with hypoxia 
and ER stress gene markers in both adipose tissue depots. Likewise, the pres-
ence of visceral adiposity determines in part the TWEAK-Fn14 adipose tis-
sue expression, with independence of the glucose metabolic status.
Supported by: FIS 08/0733, CB07/08/0012 and CP06/00119
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Control of adipose tissue inflammation in obesity and diabetes through 
pseudokinases
S. Herzig, A. Ostertag; 
Molecular Metabolic Control, German Cancer Research Center, Heidelberg, 
Germany.

Background and aims: Inflammation of adipose tissue represents a major 
hallmark of obesity-related type II diabetes and the Metabolic Syndrome. De-
spite its critical importance for the development of insulin resistance and as-
sociated complications, major molecular pathways in adipose tissue inflam-
mation still remain unknown.
Materials and methods: We employed expression profiling studies in cul-
tured and primary white adipocytes and white adipose tissue (WAT) depots 
of various obesity and type II diabetes mouse models to identify dysregulated 
marker genes under these conditions. Subsequently, molecular pathways 
leading to aberrant gene expression under diabetic conditions and functional 
consequences of genetic dysfunction were investigated by employing genetic 
and acute gene ablation technology and metabolic monitoring.
Results: Expression profiling in mouse models of systemic inflammation 
demonstrated the transcriptional induction of the tribbles pseudokinase 
TRB1 in WAT in response to acute pro-inflammatory stimuli. Furthermore, 
we found that TRB1 mRNA is also significantly upregulated in WAT of obese 
db/db and ob/ob animals, suggesting that TRB1 represents a novel marker 
gene for obesity-related WAT inflammation. Indeed, levels of TRB1 but not 
of highly-related family members, TRB2 and TRB3, were strongly induced in 
fully differentiated adipocytes in response to lipopolysaccharide-conditioned 
macrophage supernatant, thereby demonstrating the cell autonomy of this 
effect. Intriguingly, the induction of TRB1 through conditioned macrophage 
supernatant in differentiated adipocytes could be blocked by interference 
with specific cytokine-dependent signaling pathways, leading to the improve-
ment of cellular inflammation in white adipocytes.
Conclusion: These results indicate that the induction of TRB1 is a novel 
adipocyte-specific feature of pro-inflammatory conditions as associated with 
obesity-related type II diabetes, thereby providing a novel molecular check-
point and potential therapeutic target in adipose tissue dysfunction under 
these conditions.
Supported by: Deutsche Forschungsgemeinschaft, Thyssen Foundation

636
Txnip expression associates with hyperglycaemia-induced inflammation 
in human peripheral blood mononuclear cells and adipocytes
T.B. Koenen, R. Stienstra, L.J.H. van Tits, A.F.H. Stalenhoef, J. de Graaf, 
M.G. Netea, C.J. Tack; 
General Internal Medicine, Radboud University Nijmegen Medical Centre, 
Netherlands.

Background and aims: Subjects with type 2 diabetes mellitus (T2DM) are 
characterized by the presence of a chronic low grade inflammation mainly 
originating from expanding adipose tissue. Obesity-induced enlargement of 
adipose tissue promotes the infiltration of monocytes and lymphocytes, lead-
ing to an increased production of pro-inflammatory cytokines. Hyperglycae-
mia plays a central role in the progression of T2DM and is known to induce 
an inflammatory response and a disturbed redox balance. Thioredoxin-in-
teracting protein (Txnip) controls the cellular redox state and appears to be 
an important regulator of glucose homeostasis. In this study we investigate 
the role of Txnip in the production of pro-inflammatory cytokines in human 
adipocytes and peripheral blood mononuclear cells (PBMCs) under normo- 
and hyperglycaemic conditions.
Material and methods: Differentiated primary adipocytes, total adipose 
tissue, PBMCs and isolated monocytes of human origin were cultured for 
48 hours under normoglycaemic (5mM) or hyperglycaemic (25mM) condi-
tions. Medium, RNA, and protein lysates were collected to determine the ex-
pression level of Txnip and pro-inflammatory cytokines.
Results: Txnip mRNA and protein levels were abundantly expressed in adi-
pose tissue and were elevated 3-fold after exposure to high glucose. Frac-
tioning of adipose tissue into mature adipocytes and stromal vascular cells 
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revealed that Txnip expression was mainly originating from adipocytes. Dif-
ferentiation of primary human pre-adipocytes towards mature adipocytes 
under hyperglycaemic conditions led to a 3-fold higher expression of Txnip 
protein and mRNA as compared to normoglycaemic treatment. Further-
more, exposure of primary human mature adipocytes to high glucose also 
increased Txnip protein and mRNA levels. In line with the effects observed in 
adipocytes, also incubation of isolated human PBMCs and monocytes under 
high glucose conditions induced Txnip mRNA and protein expression levels, 
with Txnip protein being elevated more than two fold under hyperglycaemic 
compared to normoglycaemic conditions. In both adipose tissue and PBMCs, 
Txnip expression completely disappeared when cultivated in the absence of 
glucose.
Concurrent with the induction of Txnip, hyperglycaemia showed clear in-
creases in mRNA expression of the pro-inflammatory cytokines tumor 
necrosis factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-8 (IL-8) by 
mature adipocytes. In PBMCs and monocytes, hyperglycaemia resulted in 
a 2-fold increase in the intracellular level of interleukin-1β (IL-1β), and a 5-
fold induction of IL-1β mRNA as compared to normoglycaemic conditions. 
Secretion levels of TNF-α and IL-8 were also elevated by high glucose.
Conclusion: Our results show that Txnip is present in human adipose tissue 
and PBMCs and that its activation strongly dependents on glucose exposure. 
Hyperglycaemic conditions induce a strong pro-inflammatory response in 
both adipocytes and peripheral blood cells, and this is associated with a strong 
increase in Txnip levels. Our results suggest that Txnip may be involved in 
the hyperglycaemia-induced production of pro-inflammatory cytokines.

637
Fas (CD95) induces lipolysis through down-regulation of lipin-1 and 
subsequent activation of the MAPK pathway in 3T3-L1 adipocytes
R.A. Rapold1,2, S. Wueest1,2, E.J. Schoenle1, D. Konrad1,2; 
1Division of Pediatric Endocrinology and Diabetology, University Children’s 
Hospital, Zurich, 2Zurich Center for Integrative Human Physiology, 
University of Zurich, Switzerland.

Background and aims: Fas (CD95) is a member of the tumour necrosis 
receptor superfamily that plays a crucial role in the induction of apoptosis. 
In addition, activation of Fas can also induce non-apoptotic signalling path-
ways including cell proliferation. We previously found that Fas-deficient and 
adipocyte-specific Fas knockout mice are partly protected from high fat diet 
induced insulin resistance. The aim of this study was to elucidate the molecu-
lar mechanisms behind this protective effect; in particular the impact of Fas 
activation in adipocytes on lipolysis.
Materials and methods: Fully differentiated 3T3-L1 adipocytes were treated 
with 2 ng/ml Fas ligand (FasL) in the presence or absence of the MEK inhibi-
tor U0126, or with various concentrations (1 - 100 μM) of phosphatidic acid. 
Protein and mRNA was collected for western blot and real-time PCR analy-
sis. Lipolysis was assessed by measuring free glycerol release.
Results: Treatment of adipocytes with FasL influenced lipolysis in a time de-
pendent fashion with an initial decrease after 2 hours and an approximately 
2-fold increase after 12 hours. Fas activation induced phosphorylation of the 
p44/42 MAP kinases (ERK1/2) with a peak after 6 hours and FasL-induced 
lipolysis was completely blocked by ERK-inhibition. Interestingly, FasL re-
duced mRNA-expression and protein levels of lipin-1, a phosphatase involved 
in the generation of triacylglycerols.This effect was independent of ERK1/2 
activation. It was previously shown that down-regulation of lipin-1 leads to 
accumulation of its substrate phosphatidic acid (PA) in adipose tissue. We 
show here that administration of PA to adipocytes increases phosphorylation 
of ERK1/2 and induces lipolysis.
Conclusion: These results suggest that Fas activation induces lipolysis in a 
lipin and ERK1/2-dependent manner and, thus, might have an important 
impact on adipocyte and whole-body metabolism.
Supported by: The Swiss National Science Foundation

638
AMP-activated protein kinase (AMPK) modulates lipopolysaccharide 
(LPS)-induced cytokine expression and lipolysis in human adipocytes
J. Grisouard1, D. Seboek Kinter1, T. Radimerski1, K. Timper1, D.M. Frey2,  
B. Kola3, M. Korbonits3, H. Zulewski1, U. Keller1, B. Müller4,  
M. Christ-Crain1; 
1Dept. of Biomedicine, Metabolism Group, University Hospital Basel, 
Switzerland, 2Dept. of Surgery, Div. of General Surgery and Surgical 
Research, University Hospital Basel, Switzerland, 3Centre for Endocrinology, 
Barts and the London Medical School, University of London, United 
Kingdom, 4Dept. of Internal Medicine, Kantonsspital Aarau, Switzerland.

Background and aims: In adipose tissue of obese patients, low-grade chronic 
inflammation is mirrored by elevated levels of pro-inflammatory cytokines 
which enhance lipolysis. This contributes to the elevation of circulating trig-
lyceride and non-esterified fatty acid concentrations in type 2 diabetic indi-
viduals. It also correlates with deposition of fat in liver and skeletal muscles, 
promoting insulin resistance. Therefore, we investigated modulators of in-
flammation and lipolysis in adipose tissue using a human adipocyte model 
and inducing inflammation with endotoxin (lipopolysaccharide, LPS).
Materials and methods: Human mesenchymal stem cells and human pre-
adipocyte-derived adipocytes obtained from surgical biopsies were differenti-
ated in vitro into adipocytes, and the effects of 24 h stimulation with LPS (100 
ng/ml), metformin (1mM), AICAR, compound C (5µM) and their respective 
combinations on inflammatory cytokine (IL-6, IL-1beta and IL-8) mRNA ex-
pression and glycerol release (readout of lipolysis) were determined.
Results: LPS increased mRNA expression of IL-6 to 1269±184% of con-
trol (P<0.001), IL-8 to 32780±6437% of control (P<0.001) and IL-1beta to 
1027±91% of control (P<0.001). Induction of IL-6 mRNA by LPS was sig-
nificantly reduced by pre-incubation with metformin and AICAR, 5’AMP-
activated protein kinase (AMPK) activators, and increased by compound C, 
an AMPK inhibitor. In contrast, induction of IL-1beta and IL-8 mRNA by 
LPS was significantly increased by metformin and AICAR. Glycerol release 
increased from 41.6±2.5µg/ml in basal state to 82.1±2.2µg/ml in LPS-treated 
cells (P<0.001). LPS-induced lipolysis was significantly inhibited by met-
formin and AICAR and slightly increased by compound C.
Conclusion: Compound C increased and both, metformin and AICAR 
inhibited LPS-induced IL-6 expression and lipolysis. This indicates that 
AMPK modulates the inflammatory and lipolytic effects of LPS in human 
adipocytes.
Supported by: Forschungsfonds-Förderung für Nachwuchsforschende der Uni-
versität Basel, Stiftung der Diabetes-Gesellschaft Basel, Novartis Stiftung für 
Medizinisch-Biologische Forschung

639
Involvement of receptor-mediated processes in proinflammatory 
adipocyte activation by heat shock protein 60
V. Burkart, T. Märker, S. Mollérus, U. Wohlrab, C. Habich; 
Institute for Clinical Diabetology, German Diabetes Center, Düsseldorf, 
Germany.

Background and aims: Adipocytes are a source of a variety of inflamma-
tory mediators which allow the cells to exert immunoregulatory activities re-
sembling those of innate immune cells. Adipocyte-derived proinflammatory 
mediators contribute to the development of chronic inflammation, thereby 
promoting the induction and progression of insulin resistance/metabolic-
syndrome and diabetes. Currently, the physiological signals inducing the re-
lease of inflammatory mediators by adipocytes are largely unknown. As heat 
shock proteins (Hsp) have been identified as potent regulators of the inflam-
matory activities of innate immune cells, our present study was designed to 
investigate the interaction of adipocytes with Hsp60 as the decisive initial 
event in the induction of proinflammatory adipocyte mediators.
Material and methods: Adipocytes of the murine line 3T3-L1 were incubat-
ed with recombinant Hsp60 and the release of interleukin (IL)-6, CXCL1 and 
monocyte chemoattractant protein (MCP)-1 from these cells was determined 
by multiplex beads system. Analyses of Hsp60-signalling was performed by 
immunoblotting and by the application of inhibitors against specific signal-
ling proteins. Characterization of Hsp60-binding to adipocytes and identi-
fication of responsible binding epitopes was studied by FACS analyses with 
fluorescent-labelled Hsp60 and with specific antibodies.
Results: Our experiments demonstrate that Hsp60 stimulates the release of 
the proinflammatory cytokines IL-6, CXCL1 and MCP-1 in a time- and con-
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centration-dependent manner from 3T3-L1 adipocytes. Analyses of Hsp60-
signalling in these adipocytes revealed that members of the MAPK-family 
(ERK1/2, p38) and the transcription factor NFκB are involved in Hsp60-me-
diated induction of the mediators IL-6, CXCL1 and MCP-1. Binding-stud-
ies with fluorescence-labelled Hsp60 demonstrated that the interaction of 
Hsp60 with adipocytes exhibits basic features of receptor-mediated interac-
tions. Hsp60-binding to adipocytes was saturable and reached its maximum 
at 3.5 µM. Binding was inhibitable only by the unlabelled ligand (52%), but 
not by unrelated proteins, thereby proving the specificity of Hsp60-binding. 
Further approaches to characterize Hsp60-receptor structures on adipocytes 
revealed the presence of Toll-like receptor (TLR)4 on adipocytes. TLR4 has 
been found to be expressed on macrophages and to interact with Hsp60, 
therefore suggesting TLR4 as a potential receptor candidate for Hsp60 on 
adipocytes. In order to identify the Hsp60-epitope involved in binding, we 
investigated the effect of specific antibodies directed against defined epitopes 
of the Hsp60-molecule. Incubation of Hsp60 with antibodies directed against 
the N-terminus of the Hsp60-molecule (amino acids 1-200; 5-25 µg/ml) in-
hibited Hsp60-binding to adipocytes (47-80%) indicating that the N-termi-
nal region of Hsp60 is involved in receptor binding.
Conclusion: Our experiments demonstrate that the Hsp60 stimulated release 
of proinflammatory mediators from adipocytes involves a receptor-mediated 
interaction of the heat shock protein with the cells. These findings implicate 
that Hsp60-receptor interactions could serve as a target to modulate the 
proinflammatory activity of adipocytes and to develop therapeutic strate-
gies for patients suffering from chronic, diabetes-associated inflammatory 
diseases.
Supported by: DFG, DDG, BMG, Minister für Innovation, Wissenschaft, Forsc-
hung und Technologie des Landes Nordrhein-Westfalen

640
NF-κB dependent regulation of IP-10 in 3T3-L1 and human primary 
preadipocytes and adipocytes
P. Dietl1, C. Brunner2, P.A. Ruiz3, D. Haller3, H. Hauner1, H. Laumen1; 
1Else Kröner-Fresenius-Center for Nutritional Medicine, Technische 
Universität München, Freising, 2Physiologische Chemie, Universität 
Ulm, 3Biofunctionality, Nutrition and Food Research Center, Technische 
Universität München, Freising, Germany.

Background and aims: Chemokine secretion by adipocytes and preadi-
pocytes has been postulated to initiate leukocyte infiltration and might me-
diate the establishment of obesity-related low-grade inflammation. In this 
context, interferon-γ-inducible protein 10 (IP-10/CXCL10) is a novel inter-
esting candidate, as increased levels of IP-10 expression have been associated 
with obesity and type 2 diabetes in humans and it is expressed in primary 
human adipocytes. The aim of this work was to study the role of NF-κB in 
the regulation of IP-10 in murine 3T3-L1, primary human preadipocytes and 
adipocytes and and to characterize its functional role in adipose tissue.
Materials and methods: Cell culture of in vitro differentiated murine 3T3-
L1, primary human preadipocytes, adipocytes and primary mouse spleno-
cytes; retroviral infection, transfection, luciferase-assay, ELISA, western-blot, 
qRT-PCR, migration-assays.
Results: In order to specifically inhibit the NF-κB activity, we stably expressed 
a transdominant mutant of IκBα in 3T3-L1 cells. This mutant completely sup-
pressed the basal and induced IP-10 secretion and expression. In primary 
mature adipocytes IL-1β stimulated IP-10 mRNA expression was completely 
blocked by a chemical NF-κB-inhibitor. Moreover, adipocytes secrete and 
express significantly higher levels of IP-10 compared with preadipocytes. In 
addition, we could demonstrate that induction of T cell migration by condi-
tioned medium from IL-1β-induced adipocytes was inhibited by overexpres-
sion of IκBα-mut as well as by neutralization of IP-10.
Conclusion: This study demonstrates that the NF-κB pathway is essential 
for the regulation of IP-10 in 3T3-L1 and primary human adipocytes. Adi-
pocytes rather than preadipocytes contribute to obesity-associated elevated 
IP-10 levels. Furthermore, IP-10 release from adipocytes may act as a potent 
chemoattractant for lymphocyte migration towards adipose tissue.
Supported by: Else Kröner-Fresenius-Foundation

641
Interleukin-1F6 is expressed in adipose tissue and inhibits adipocyte 
differentiation
E.J.P. van Asseldonk, R. Stienstra, T.B. Koenen, L.J.H. van Tits, C.J. Tack, 
M.G. Netea; 
General Internal Medicine, UMC St Radboud, Nijmegen, Netherlands.

Background and aims: Inflammation appears to be an important link be-
tween obesity and insulin resistance. Nutrient excess and subsequent storage 
in adipose tissue result in expansion of the adipose tissue mass and adipocyte 
size, which is positively correlated with the number of infiltrating macro-
phages. Adipose tissue macrophages (ATMs) in obese individuals express 
many genes characteristic for M1 macrophages, which have a pro-inflam-
matory cytokine profile, while most ATMs in lean individuals are M2 mac-
rophages (anti-inflammatory). ATMs can release proinflammatory cytokines 
such as the Interleukin (IL)-1family members IL-1 and IL-18, and an increas-
ing amount of evidence shows that these cytokines are involved in the inter-
play between obesity and insulin sensitivity. IL-1 family of cytokines consists 
of several members in addition to Il-1 and IL-18, among which IL-1F6 has 
known pro-inflammatory properties. However, little is known about the po-
tential metabolic effects of IL-1F6 in adipose tissue. The aim of this study was 
to assess whether IL-1F6 is expressed in adipose tissue and whether IL-1F6 
influences adipocyte differentiation.
Materials and methods: Human abdominal subcutaneous tissue and pri-
mary human MI or type MII differentiated macrophages were used to de-
termine the expression of IL-1F6. MI or MII differentiation of Macrophage 
was induced using either GM-CSF or M-CSF (100 ng/ml). Because obesity is 
associated with a chronic low-state inflammatory reaction, we tested whether 
IL-1F6 gene expression is induced by inflammation, using LPS. To determine 
the effects of IL-1F6 on adipocyte differentiation, primary human pre-adi-
pocytes were differentiated towards adipocytes in the presence or absence 
of recombinant IL-1F6 (100 ng/ml). Adipocyte differentiation was analyzed 
by real-time PCR gene expression levels of adipogenic genes including AP2, 
PPARgamma, adiponectin and GLUT4, as well as by oil red O staining of 
lipid uptake.
Results: IL-1F6 is expressed in human adipose tissue. Fractioning of human 
adipose tissue revealed that IL-1F6 is primarily expressed in the stromal vas-
cular fraction containing the ATMs. Although the stromal vascular fraction 
showed to be the primary source of IL-1F6, IL-1F6 was also present in adi-
pocytes, be it at low levels. Treatment with endotoxin significant increased 
the expression of IL-1F6 in both MI and MII macrophages, as well as in SGBS 
preadipocytes. Recombinant IL-1F6 inhibited adipocyte differentiation, as 
showed by significantly reduced expression of AP2, PPARgamma and adi-
ponectin, but not of GLUT4. Reduced differentiation was confirmed using 
microscopy and oil red o staining.
Conclusion: The proinflammatory IL-1 family member IL-1F6 is expressed 
in human adipose tissue. Although the primary source of IL-1F6 in adipose 
tissue is the stromal vascular fractions, both adipocytes and macrophages are 
able to produce IL-1F6. The presence of IL-1F6 inhibits human adipocyte 
differentiation, and future studies aimed to evaluate its effects on insulin sen-
sitivity are warranted.

642
Remodeling of adipose tissue from lipodystrophic patients with LMNA 
mutations: presence of fibrosis and mitochondrial alterations but no 
inflammation
V. Béréziat1, P. Cervera1, M.-C. Verpont2, C. Le Dour1, B. Antuna-Puente1, 
S. Dumont3, M.-C. Vanthyghem4, L.-M. Somja-Azzi5, J. Capeau1,  
C. Vigouroux1; 
1UPMC Inserm UMR_S938, Paris, 2Institut Fédératif de Recherche en 
Santé Saint Antoine IFR65, Paris, 3AP-HP Hôpital St Antoine, Paris, 
4Service d’Endocrinologie et Maladies Métaboliques- CHU de Lille, 5Unité 
d’Endocrinologie, Clinique du Vert Galant, Tremblay-En-France, France.

Context: A low-grade inflammation of adipose tissue has been reported in 
obesity, associated with metabolic complications of obesity. However, in ge-
netic lipodystrophies, the histological features of adipose tissue have not been 
described up to now. We then performed the histological characterization of 
adipose tissue from lipodystrophic patients bearing LMNA mutations.
Objective, design and patients: We comparatively studied the histological, 
ultrastructural and protein expression features of subcutaneous fat obtained 
during plastic surgery in three patients with LMNA-linked lipodystrophy, in 
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a patient with mitochondrial (mt)DNA-linked lipomatosis, in three patients 
with HIV antiretroviral-linked lipodystrophy and in eight healthy non-dia-
betic non-obese controls.
Results: LMNA-mutated, mtDNA-mutated and HIV-infected lipodystrophic 
fat was characterized by decreased adipocyte size, increased intercellular 
fibrosis and mitochondria density as compared to control samples. An ul-
trastructural analysis revealed irregular cell outlines with thickened periph-
eral rims of cytoplasm and interstitial edema with compact and thick fibrils 
invading the intercellular area in fat from patients bearing LMNA mutations. 
However, LMNA-mutated fat was not infiltrated with macrophages and did 
not show inflammatory alterations, in contrast to adipose tissue from mtD-
NA-mutated or HIV-infected patients. We also showed abnormal prelamin A 
accumulation, the precursor protein of lamin A, and altered protein expres-
sion of adipogenic transcription factors and mitochondrial respiratory chain 
proteins.
Conclusion: Lipodystrophic adipose tissue from patients with LMNA mu-
tations presents a unique pattern of structural alterations with small adi-
pocytes, intercellular fibrosis and mitochondrial disturbances in the absence 
of inflammation. We suggest that lamin mutation and/or prelamin A accu-
mulation could impair adipocyte differentiation and lead to adipose tissue 
fibrosis.
Supported by: PNRD/ARD and the European Union’s FP6 Life Science, Genom-
ics and Biotechnology for Health

643
Clinical impact of inflammatory cytokines produced in adipose tissue of 
septic patients
D. Ikeoka1, S. Korsatko1, C. Pachler1, J.K. Mader1, M. Bodenlenz2, J. Plank1, 
M. Ellmerer1, T.R. Pieber1,2; 
1Department of Internal Medicine, Medical University Graz, 2Joanneum 
Research, Graz, Austria.

Background and aims: Cytokines produced in adipose tissue were recently 
implicated in the generation of insulin resistance and diabetes. High levels of 
circulating inflammatory cytokines in circulation might also contribute to 
the genesis of glucose intolerance as observed in septic patients. However, the 
role of cytokines produced in adipose tissue was not studied in sepsis. The 
aim of this study was to investigate possible interactions between blood glu-
cose and cytokines produced in adipose tissue in patients with severe sepsis. 
Other clinical variables were analyzed in parallel.
Materials and methods: Nine patients with severe sepsis from a medical 
intensive care unit were investigated over 26 hours. Informed consent was 
provided from the closest relative. A standard open-flow microperfusion 
catheter inserted in the subcutaneous adipose tissue (SAT) of the abdominal 
wall was used for continuous sampling of interstitial fluid effluent. Arterial 
blood samples were obtained simultaneously at two-hour intervals, along 
with clinical variables as part of the intensive care monitoring. Blood glucose 
was measured in a standard point-of-care device. Cytokines (TNF-alpha, IL-
1beta, IL-6 and IL-8) present in SAT effluent samples and serum were meas-
ured using a multiplexed ELISA system.
Results: Distinct time profiles were registered for each cytokine in SAT efflu-
ent samples. Cytokine concentrations were higher in SAT than in serum for 
IL-1beta (10.0 [3.5; 13.9] vs. 0.7 [0.6; 1.4] pg/ml; median [25; 75 percentile]; 
p<0.05), IL-6 (1.66 [1.17; 2.33] vs. 0.06 [0.05; 0.08] ng/ml; p<0.01) and IL-8 
(0.83 [0.51; 1.40] vs. 0.08 [0.02; 0.12] ng/ml; p<0.01). No important correla-
tion was found for any of the measured cytokines and blood glucose. A weak 
negative correlation was observed between blood glucose and diastolic blood 
pressure (DBP; Pearson -0.21, p=0.03). Significant negative correlations were 
observed between SAT inflammatory cytokines and mean DBP (IL-1beta: 
Pearson -081, p=0.008; IL-6: Pearson -084, p=0.005; IL-8: Pearson -073, 
p=0.025). Regression analysis uncovered a strong interaction between DBP 
and IL-6 produced in SAT (B= -0.01; p=0.002; R-square=0.78). No other sig-
nificant correlation between clinical variables and cytokines were observed.
Conclusion: Cytokines measured in SAT effluent from septic patients using 
OFM technique are probably locally produced, as suggested by the serum-
SAT gradients, and seem to exert no major influence on blood glucose levels. 
Nonetheless, IL-6 might be implicated in the regulation of blood pressure in 
the studied population.
Supported by: Survive-ICU MIF1-CT-2005-007838 and CLINICIP FP6 IST-
2002-2.3.1.11 506965

PS 47 ”Metabolic syndrome” - 
clinical and experimental
644
APOE*3Leiden.CETP transgenic mice as model for the metabolic 
syndrome
A.M. van den Hoek1, J.W.A. van der Hoorn1, C. van den Hoogen1,  
A. van Nieuwkoop1, E. Offerman1, E.J. Pieterman1, A. Maas1,  
L.M. Havekes1,2, H.M. Princen1; 
1Biosciences, TNO, Leiden, 2Department of Endocrinology and Metabolic 
Diseases, Leiden University Medical Center, Netherlands.

Background and aims: Metabolic syndrome is characterized by the co-oc-
currence of several risk factors i.e. increased body weight (bw) and insulin 
resistance (IR) with increased plasma glucose and insulin levels and at the 
same time adverse changes in plasma lipids as observed in diabetic dysli-
pidemia, with increased triglycerides and apoB-containing lipoproteins and 
decreased HDL.
We evaluated whether the APOE*3Leiden.CETP (E3L.CETP) mouse is a use-
ful animal model to study the metabolic syndrome.
Materials and methods: E3L.CETP mice, a well-established model for hy-
perlipidemia and atherosclerosis, responding to all clinically used hypoli-
pidemics, were put on a high fat diet and fructose in drinking water for 12 
weeks to induce diet-induced obesity and IR and were subsequently treated 
with either rosiglitazone (10 mg/kg bw/d) or resveratrol (75 mg/kg/bw/d) for 
5 weeks. Effects on bw, plasma parameters and insulin sensitivity (via hyper-
insulinemic euglycemic clamps) were assessed.
Results: Dietary treatment resulted in a human-like lipoprotein profile with 
a TC/ HDL-C ratio of 3. Rosiglitazone significantly decreased triglycerides 
(-49%), cholesterol (-55%), glucose (-22%) and insulin (-82%) and increased 
insulin sensitivity (3.5-fold increase in glucose infusion rate). Resveratrol sig-
nificantly reduced plasma triglycerides (-24%) and cholesterol (-44%) and 
increased HDL (+25%). All p< 0.05.
Conclusion: The data indicate that the E3L.CETP mouse is a good transla-
tional animal model that combines all important features that underlie the 
metabolic syndrome and mimic the human response to clinically used treat-
ments. We conclude that this mouse is a promising model to investigate the 
effects of new drugs that affect insulin resistance and dyslipidemia.

645
The role of body mass index and cardio respiratory fitness in predicting 
metabolic risk factors in adolescents: a longitudinal study
S.I. Brouwer1,2, E. Corpeleijn2, K.A.P. Lemmink3,1, R.P. Stolk2; 
1Institute for Sport Studies, Hanze University, Groningen, 2Epidemiology, 
University Medical Centre, Groningen, 3Movement Sciences, University, 
Groningen, Netherlands.

Background and aims: The aim of this study was to examine whether Body 
Mass Index (BMI) is predictive for a clustering of metabolic risk factors in 
adolescents and whether this association is influenced by cardio respiratory 
fitness (CRF).
Materials and methods: Data on BMI were collected at age 11 (march 2001-
july 2002) and repeated at age 16 (September 2005-dec 2007). At age 16 
fasting blood samples were taken and CRF was estimated using the Shuttle 
Run Test. All participants from the ‘Tracking Adolescents’ Individuals Lives 
Survey’ (TRAILS) with measures for metabolic risk and CRF at age 16 were 
included in this analysis (n=567). A clustered metabolic risk score was calcu-
lated as the mean of waist circumference, triglycerides, HDL-cholesterol and 
mean arterial pressure.
Results: At age 16 clustered metabolic risk score for females was lower than 
for males (p<.001). Clustered metabolic risk score at age 16 was higher for the 
upper quartiles of BMI measured at age 11 (p<0.001) compared to the lower 
quartiles. After adjustment for pubertal stage, sex, school and wearing HR-
monitoring during SRT, CRF was associated with clustered metabolic risk 
score in the highest BMI quartile at age 11 (standardized β=-3.54; 95%CI: 
-.045- -.013) but not in the lower BMI quartiles. This is graphically depicted 
in the figure. For males CRF is negatively correlated to waist circumference 
(Pearson’s r=0.25, p<.01), triglycerides (r=0.121, p<.05) and glucose (r=0.14, 
p<.05). For females CRF is negatively correlated to waist circumference 
(r=0.226, p<0.01) and positively related to HDL-cholesterol (r=0.155, p<.01). 
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Figure. A high CRF is related to reduced clustered metabolic risk score at age 
16 in those with increased BMI at age 11. Differences on the clustered meta-
bolic risk score was only significantly reduced between the low and high CRF 
tertiles for those with increased BMI.
Conclusion: A higher BMI at age 11 is associated with higher clustered meta-
bolic risk scores at age 16. CRF has a positive influence on metabolic risk in 
adolescents with a higher BMI. The positive effect of CRF on males on clus-
tered metabolic risk score is due to lower waist circumference, triglycerides 
and glucose. In females the positive effect of CRF on clustered metabolic risk 
score is due to lower waist and a higher HDL-cholesterol.

646
Significant decrease of fetuin-a after dramatic weight loss in morbidly 
obese women
J.-M. Brix1, F. Höllerl2, V. Eger2, H.-P. Kopp1, S. Kriwanek3,  
G.-H. Schernthaner2, G. Schernthaner1; 
1Medicine I, Rudolfstiftung Hospital, Vienna, 2Medicine II, Medical 
University of Vienna, 3Department of Surgery, Rudolfstiftung Hospital, 
Vienna, Austria.

Background and aims: Patients with morbid obesity have a high risk for 
cardiovascular morbidity, mortality and diabetes. The only effective method 
to reduce weight and to lower the high cardiovascular risk is bariatric sur-
gery. Recent studies demonstrated that the liver-secreted protein fetuin-A is 
elevated in insulin resistance, is an independent predictor of type 2 diabetes 
and is associated with atherosclerosis. Thus it was of interest for us to evaluate 
Fetuin-A levels in patients with morbid obesity versus control subjects as well 
as before and after weight loss induced by gastric bypass.
Materials and methods: We included 47 morbid obese patients (MO, 40 
women, BMI 46.6±7.3 kg/m²) and 28 healthy controls (13 women, BMI 
26.1±3.3 kg/m²) in a cross sectional study. 31 women were investigated be-
fore and one year after gastric bypass surgery. Apart from weight and cardio-
vascular risk-markers (blood pressure, lipids), a glucose tolerance test (75g 
oGTT) was performed and renal, liver as well as inflammation parameters 
were assessed. Insulin resistance (IR) was calculated by using HOMA.Fetuin-
A levels were determined in serum samples by a commercial ELISA.
Results: Fetuin-A levels were significantly increased in MO: 795.0±191.5 vs 
healthy controls: 393.2±146.5µg/ml; p <0.001. In the longitudinal study Fe-
tuin-A ( 827.2± 181.8 vs 753.9 µg/ml; p= 0.033) BMI ( 46.6±7.3 vs 31.6±6.8 
kg/m²; p < 0.001), weight ( 133.5± 20.8 vs.90.6±20.3kg;p<0.001) and HOMA 
(6.6±6.3 vs. 2.0±1.2 p<0.001) decreased significantly 1 year after gastric by-
pass. Correlation analysis of pre-surgery Fetuin-A values revealed that Fe-
tuin-A was associated with HOMA-IR (R=-0.413; p=0.029), diastolic blood 
pressure (R=-0.392; p=0.036) and 1hour postprandial blood glucose (R=-
0.385; p=0.047). In a multivariate model HOMA-IR (beta=-0.408; p=0.024) 
and diastolic blood pressure(beta=-0.382; p=0.033mmHg) predicted inde-
pendently from each other Fetuin-A.Correlation analysis of post-surgery Fe-
tuin-A showed that Fetuin-A levels were associated with bilirubin (R=0.390; 
p =0.040) and 2 hour postprandial Insulin levels (R=-.479; p=0.028). In a 
regression analysis Insulin 2 hour postprandial levels remained the only sig-
nificant predictor for post-surgery Fetuin-A (beta=-0.479; p= 0.028).
Conclusion: This is the first study demonstrating a significant increase in Fetuin-
A values in patients with morbid obestity compared to nonobese control subjects. 
Fetuin-A levels were reduced after bariatric surgery. Since Fetuin-A was shown to 
be associated with the future development of type 2 diabetes and atherosclerosis, 
the observed significant decrease in Fetuin A after dramatic weight loss might 
help to understand the beneficial effects of gastric bypass surgery.

647
Influence of “hypertrigliceridaemic waist” phenotype on postprandial 
lipaemia in obese type 2 diabetic patients
N.V. Rajkovic1, M. Zamaklar1, K. Lalic1, N. Majkic-Singh2, N.M. Lalic1,  
S. Singh1, L. Stosic1, A. Jotic1, L. Lukic1, T. Milicic1, D. Tesic2; 
1Institute for Endocrinology, 2Institute for Medical Biochemistry, Belgrade, 
Serbia.

Background and aims: Obesity, especially visceral has been shown to be as-
sociated with abnormal postprandial lipid response. “Hypertrigliceridemic 
waist” (HW) phenotype is suggested to be a reliable marker of visceral obesity 
(waist girth ≥90cm in men and ≥85cm in women, with plasma triglycerides 
(TG) concentration ≥2mmol/l). Type 2 diabetes (T2D) represents frequent 
comorbidity in obesity and is closely associated with abnormalities in post-
prandial lipid metabolism mostly through insulin resistance. The aim of our 
study was to analyze the influence of presence of HW phenotype and post-
prandial lipemia in obese patients with T2D. The following groups of patients 
were included in the study: obese T2D patients with HW phenotype (Group 
A, n=30), obese T2D without HW phenotype (Group B, n= 25) and nonobese 
T2D without HW phenotype (group C, n=30). Patients were aged 40-70 years, 
matched by gender, duration of diabetes with optimal glycemic control.
Materials and methods: Postprandial lipids, apolipoproteins (Apo), NEFA 
and insulin response were measured after mixed meal (51g fat) at 2-h inter-
vals during 8hrs. Results were expressed as AUCs determined by the trap-
ezoid method. Total cholesterol (TC), HDL, LDL and TG were determined 
by enzymatic methods. Apolipoproteins (Apo A1, ApoA2,ApoB,ApoE) were 
determined by nephelometric and NEFA by colorimetric methods. Insu-
lin levels were measured by RIA and insulin resistance was evaluated in all 
groups in fasting state using HOMA method.
Results: We found that the postprandial TG increase were the highest in 
group A, being significantly higher in group A than in B and in group B than 
in C (AUC A: 2020.4±133, B:1575.6±100.4, C:1263±100.2mmol/l/min, A vs 
B p<0.01 and B vs C p<0.05). Simultaneously, postprandial response of TC 
were the highest in group A, being significantly higher in group A than in 
group B, but without significant difference beetwen groups B and C (AUC 
A:3088.9±213, B:2879±150, C:2682±145mmol/l/min; A vs B p<0.01 and B 
vs C p=NS). There was no differences in postprandial response of HDL, LDL 
and NEFA between groups. However, significantly higher postprandial in-
creased of Apo B and Apo E was found in group A than in groups B and C 
(ApoB AUC: A:633.9 ± 52, B:591.5± 45, C: 514 ± 50 g/l/min; A vs B vs C 
p<0.05; ApoE AUC: A:30662±538, B:26232±999, C:20460±538mg/l/min; A 
vs B vs C p<0.01) without differences regarding levels of ApoA1 i ApoA2. 
Insulin response was significantly higher in group A compare to group B, 
but there was no difference among groups B and C (AUC: A:31400±254; 
B:22900,±129; C:19800±117mI/ml/h;A vs B<0.01, B vs C p=NS). Regard-
ing the insulin resistance, we found the highest HOMA-IR in group A but, 
there was no differences beetwen groups B and C (A: 11.9±2.3, B: 5.65±1.8, C: 
5.2±1.2Avs B p<0.01, AvsC p<0.01, B vs C p=NS). Moreover, amplified post-
prandial TG response ccorrelated with HOMA-IR and postprandial insulin 
response ( r=0.44, p<0.05 and r=0.42 p<0,05) respectively, only in group A. 
We did not find that correlation in the other groups.
Conclusion: Our results have demonstrated that in obese T2D patients pres-
ence of hypertrigliceridemic waist phenotype was associated with enhance-
ment of abnormal postprandial lipid, especially TG, response. The data imply 
that this enhancement was strongly influenced by increased of postprandial 
insulin response and insulin resistance in these T2D patients.

648
The association of serum fatty acid-binding protein 4 with progression of 
metabolic syndrome status in apparently healthy Korean adults
S.-E. Park, E.-J. Rhee, S.-H. Yoo, W.-J. Kim, E.-S. Choi, J.-C. Pae, C.-Y. Park, 
W.-Y. Lee, K.-W. Oh, S.-W. Park, S.-W. Kim; 
Endocrinology, Kangbuk Samsung Hospital, Sungkyunkwan University, 
Seoul, Republic of Korea.

Background and aims: Adipocyte fatty acid-binding protein (A-FABP), also 
known as aP2 or FABP4, is abundantly expressed in adipocytes and plays a 
role in glucose homeostasis. We analyzed the relationship of serum FABP4 
level with the progression of metabolic syndrome in apparently healthy Ko-
rean adults.
Materials and methods: In 494 Korean adults (mean age 40.8 years, male 
65.8%), selected among the participants in a medical check-up program in 
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a health promotion in 2003, serum FABP4 levels were measured by ELISA. 
Anthropometric measurements were performed in all subjects and in fasting 
status, fasting glucose, insulin and lipid profiles were measured. Insulin resist-
ance was assessed by HOMA-IR and the presence of metabolic syndrome was 
assessed according to AHA/NHLBI criteria with BMI substituted for waist 
circumference. After 4 years, the metabolic syndrome status was assessed in 
association with baseline serum FABP4 level in the same subjects.
Results: In 4 years, 395 subjects (80%) maintained their initial status (normal 
to normal, or metabolic syndrome present to metabolic syndrome present; 
non-progressor), 81 subjects (16.4%) progressed to more serious stage (nor-
mal to metabolic syndrome; progressors) and 18 subjects (3.6%) regressed to 
metabolic syndrome to normal (regressors). When baseline serum FABP4 
levels were compared among the three groups, progressors showed signifi-
cantly higher baseline mean value of logarithmically transformed (log) FABP4 
compared with the non-progressors in 4 years of follow-up (2.42±0.45 vs. 
2.16±0.45 ng/mL, p<0.001), and these significant differences were consistent 
even after adjustment for age and BMI (p=0.029). When logistic regression 
analysis with the progression to metabolic syndrome as the dependent vari-
able, was performed after excluding regressors (n=18), with age, high base-
line log FABP4 level, male gender, high BMI and low SBP were the significant 
determinants for the development of metabolic syndrome (odds ratio for log 
FABP4 levels, 2.549, p<0.001).
Conclusion: Baseline serum FABP4 level is assumed to be the significant pre-
dictor for future progression of metabolic syndrome in apparently healthy 
adults even after adjusting confounding factors in 4 years of follow-up in this 
ethnic groups.
Supported by: Korean Diabetes Association, 2008
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Intestinal triglyceride concentration of morbidly obese persons is lower 
in those with type 2 diabetes mellitus
F. Soriguer1, S. Garcia-Serrano2, L. Garrido-Sanchez3, G. Rojo-Martinez4,  
J. Garcia-Arnes5, J.L. Gallego-Perales5, V. Delgado5, E. Garcia-Fuentes4; 
1Servicio de Endocrinología y Nutrición, Hospital Carlos Haya, 
2CIBERDEM, 3CIBER Fisiopatología Obesidad y Nutrición (CB06/03), 
4Fundación IMABIS, 5Hospital Carlos Haya, Málaga, Spain.

Background and aims: High levels of apolipoprotein B-48-containing lipo-
proteins in the fasting state seem to be associated with increased cardiovas-
cular disease risk. We studied the association between insulin resistance and 
the lipid content in plasma and the small intestine of morbidly obese persons 
with or without diabetes.
Materials and methods: The study was undertaken in 17 morbidly obese 
persons, 8 of whom had type 2 diabetes. The HOMA-IR was calculated to de-
termine insulin resistance and measurements were made of the plasma apoli-
poprotein B-48 and chylomicrons. Jejunum samples were obtained during 
gastric bypass in order to quantify their content of triglycerides (biochemical 
techniques and Oil Red-O staining) and apolipoprotein B (immunohisto-
chemistry).
Results: The morbidly obese persons with diabetes had greater plasma con-
centrations of triglycerides (P=0.003), chylomicron triglycerides (P<0.001) 
and apolipoprotein B-48 (P=0.012). The samples of jejunum obtained from 
the morbidly obese persons with diabetes had a lower jejunal triglycer-
ide content (P=0.012) and a lower apolipoprotein B signal (P=0.008). The 
HOMA-IR correlated positively with the plasma levels of apolipoprotein 
B-48 (r=0.688, P=0.003) and chylomicron triglycerides (r=0.700, P=0.003), 
and negatively with the jejunal triglyceride content (r=-0.774, P=0.001) and 
the jejunal apolipoprotein B signal intensity (r=-0.747, P=0.001). The jejunal 
triglyceride content also correlated positively with the jejunal apolipoprotein 
B signal intensity (r=0.776, P<0.001) and negatively with the plasma apolipo-
protein B-48 (r=-0.674, P=0.004).
Conclusion: The lipid content of the jejunum was significantly reduced in 
morbidly obese persons with diabetes and was inversely related with the plas-
ma levels of chylomicrons, apolipoprotein B-48 and the HOMA-IR.

650
Associations between components of the metabolic syndrome and fatty 
liver are mediated by insulin resistance and endothelial dysfunction, but 
not by inflammation (the CODAM study)
M.M.J. van Greevenbroek1, C.J.H. van der Kallen1, M. Jacobs1, I. Ferreira1, 
C.G. Schalkwijk1, E.E. Blaak2, E.J.M. Feskens3, C.D.A. Stehouwer1; 
1Internal Medicine, Maastricht University, 2Human Biology, Maastricht 
University, 3Division of Human Nutrition, Wageningen University, 
Netherlands.

Background and aims: The metabolic syndrome (MetS) is associated with pres-
ence of fatty liver and this association may be related to insulin resistance and 
inflammation and possibly also to endothelial dysfunction, e.g. via effects on 
liver metabolism. We have therefore investigated whether plasma alanine ami-
notransferase (ALT), a surrogate marker of fatty liver, is associated with individ-
ual components of the MetS and, if so, the extent to which these associations are 
mediated by insulin resistance, inflammation and/or endothelial dysfunction.
Methods: Analyses were done in the CODAM (cohort study on diabetes and 
atherosclerosis Maastricht) population with only subjects who consumed < 2 
units of alcohol/day and included 397 subjects (53.1% male, age 59.2 ± 7.2 yrs). 
All independent variables were transformed into Zscores (log-transformed 
when appropriate). An inflammation score, i.e. average of the Z-scores of the 
inflammation markers CRP, IL6, ceruloplasmin, haptoglobin, serum amyloid 
A and ICAM, was calculated. Likewise, a score for endothelial dysfunction 
(E-selectin, vWF and VCAM) was calculated. HOMA2ir was used as a meas-
ure of insulin resistance.We used linear regression analyses to determine the 
associations of components of the MetS, and the inflammation, insulin resist-
ance and endothelial dysfunction scores, with ALT (dependent, all adjusted 
for age, sex and presence of type 2 diabetes). Next, we investigated whether 
the associations of the MetS components with ALT were mediated by insulin 
resistance, inflammation and/or endothelial dysfunction.
Results: Prevalence of MetS (NCEP-ATP 2005) and type 2 diabetes was 56.7% 
and 26.2%, respectively. All components of the MetS (beta [95%CI] for waist 
was 0.057 [0.041; 0.074], BP; 0.038 [0.020; 0.055], HDL; -0.034 [-0.051; 0.016], 
TG; 0.048 [0.032; 0.094], glucose 0.046 [0.023; 0.070]) as well as scores for in-
sulin resistance (0.086 [0.070; 0.102]), inflammation (0.036 [0.013; 0.060]) and 
endothelial dysfunction (0.081 [0.054; 0.109]) were associated with logALT. 
The associations between MetS components and ALT were strongly attenu-
ated by insulin resistance, with the strongest effect on glucose, followed by 
HDL, waist, TG and BP (decrease in beta of the MetS components was 89.1, 
76.5, 73.7, 58.3, and 47.4%, respectively). They were somewhat attenuated by 
endothelial dysfunction, with the strongest effect on HDL followed by glucose, 
waist, BP and TG (decrease in beta was 29.3, 21.7,15.6, 13.2 and 12.5%, respec-
tively) and hardly by inflammation (decrease in beta was 14.7 to 2.1%, respec-
tively). Total attenuation with insulin resistance, endothelial dysfunction and 
inflammation added to the model was strongest for glucose followed by HDL, 
waist, TG and BP (decrease in beta was 92.3, 82.4, 73.7, 58.3, 47.4%).
Conclusion: The associations between fatty liver, when measured as plasma 
ALT, and all components of the metabolic syndrome were for a very large part 
explained by insulin resistance with a small additional effect of endothelial 
dysfunction but, unexpectedly, not by systemic inflammation.
Supported by: NWO/DFN
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Prevalence of features of the metabolic syndrome in healthy white-collar 
employees with or without fatty liver disease: role of plasma glucose 
levels of ≥ 100mg/dl versus ≥ 110mg/dl 
J. Haas1, S. Teufel-Sies2, S. Mack1, E. Becker2, B. Knebel3, J. Kotzka3,  
A. Burchard1, M. Merkel1, T. Stein2, D. Muller-Wieland1; 
1Institute for Diabetes Research and I. Med. Dep, Asklepios Klinik St. 
Georg, Hamburg, 2Diagnostic-Center Fleet-Insel, Hamburg, 3Institut for 
Clinical Biochemistry and Pathobiochemistry, German Diabetes Center, 
Duesseldorf, Germany.

Background and aims: Non alcoholic fatty liver (NAFL) is the most com-
mon chronically liver disease and often associated with the features of the 
metabolic syndrome. But, there is little knowledge about the prevalence of 
single components of the metabolic syndrome in healthy individuals with or 
without fatty liver disease.
Materials and methods: In this study data of more than 1500 healthy, male 
white-collar employees (30 to 60 year old) participating in a regional preven-
tion program were collected.
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Results: Sonographic analysis indicated a fatty liver in 32% of all cases inves-
tigated. Approximately 50% of these individuals showed triglycerides levels 
>150 mg/dl and in 12% of cases had HDL-levels below 40 mg/dl. More than 
67% of probands showed hypertension with values above 130/85 mmHg and 
fasting blood glucose levels exceeding 110 mg/dl were detected in 13% of 
individuals investigated. These data indicated a more than twofold increase of 
pathologically levels for triglycerides, HDL-cholesterol and hypertension in 
patients with fatty liver disease. Interestingly, pathologically increased fasting 
blood glucose values were detected in only 2.5% of individuals without fatty 
liver, but occurred with a 7-fold higher prevalence in patients with fatty liver 
disease. Focusing on the three prominent parameters crucial for the meta-
bolic syndrome i.e. increased triglyceride levels, hypertension and increased 
fasting blood glucose >110 mg/dl, the criteria were fulfilled in 14% of indi-
viduals with fatty livers, but only in 2% of the non fatty liver group. Reducing 
the critical value for impaired fasting glucose from >110 mg/dl to >100 mg/dl 
even doubles the prevalence of this risk factor pattern in the fatty liver group 
investigated, indicating the importance of this parameter in respect to the 
metabolic syndrome.
Conclusion: The data indicate that reducing the pathological value of im-
paired fasting glucose to >100 mg/dl might be valuable for screening of pa-
tients also in respect for other components of the metabolic syndrome. Fur-
thermore all individuals with fatty livers should also be routinely screened for 
criteria of the metabolic syndrome.
Supported by: LiDia, Asklepios ProResearch

652
Cerebrovascular effects of endocannabinoids
É. Ruisanchez1, R. Benkő1, M. Leszl-Ishiguro1, Z. Lacza1, Z. Járai2,  
P. Sándor1, Z. Benyó1; 
1Institute of Human Physiology and Clinical Experimental Research, 21st 
Department of Internal Medicine, Semmelweis University, Budapest, 
Hungary.

Background and aims: Antagonists and inverse agonists of the CB1 can-
nabinoid receptors have been recently developed by several pharmaceuti-
cal companies as adjuvants to lifestyle modification for weight reduction, 
glycemic control and dyslipidemia in obese and type 2 diabetes patients. 
Since endocannabinoids have been implicated as important mediators in the 
cardiovascular system pharmacological manipulation of the CB1 mediated 
signaling pathway may have marked circulatory consequences. Obesity and 
diabetes are often associated with cerebrovascular dysfunction which can be 
influenced by inhibition of the CB1 pathway. In the present study we aimed to 
investigate the effects of endocannabinoids on the resting blood flow and on 
hypoxia/hypercapnia (H/H)-induced hyperemia of the cerebral cortex.
Materials and methods: Adult male Wistar rats were anesthetized with intra-
peritoneal injection of 1.3 g/kg Urethane. Cerebrocortical blood flow (CBF) 
was measured simultaneously in the parietal cortex of both hemispheres by 
laser-Doppler (LD) flowmetry. H/H was induced by inhalation of differ-
ent gas mixtures. In the first step, during mild H/H, animals inhaled a gas 
mixture of 10%O2-10%CO2-80%N2, which produced arterial pO2 of 75-85 
mmHg and pCO2 of 50-60 mmHg. In the second step, during moderate H/
H, animals inhaled a gas mixture of 5%O2-20%CO2-75%N2, which produced 
arterial pO2 of 55-65 mmHg and pCO2 of 80-90 mmHg. In the third step, 
during severe H/H, animals inhaled a gas mixture of 0%O2-20%CO2-80%N2, 
which produced arterial pO2 of 45-50 mmHg and pCO2 of 90-100 mmHg.
Results: Inhibition of endocannabinoid reuptake by AM-404 (10 mg/kg iv.) re-
sulted in a transient increase of the resting CBF, which had a peak (+65±16 %) 
at 5.2±0.6 minutes and disappeared within 10 minutes. The CBF changes were 
accompanied by reduction of the ventilation rate as well as by increased arterial 
pCO2 and decreased pO2. Application of the CB1 receptor antagonist AM-251 
(10 mg/kg iv.) did not alter baseline CBF but was able to prevent the effects 
of AM-404. The VR1 vanilloid receptor antagonist capsazepine (20 mg/kg iv.) 
influenced neither the resting CBF nor the effects of AM-404. Furthermore, 
AM-251 significantly increased the H/H-induced hyperemia: by 30 % during 
mild H/H, by 22 % during moderate H/H, and by 14 % during severe H/H. In 
contrast, the vehicle of AM-251 had no significant effect. H/H did not change 
mean arterial pressure in untreated or vehicle-treated animals, although fol-
lowing AM-251 treatment it induced slight hypertension (+11 ± 6 mmHg).
Conclusion: Our results indicate that endocannabinoids may increase the 
resting CBF either by a CB1-mediated direct vasodilator mechanism or in-
directly via respiratory depression and the consequent changes of the blood 
gas tensions. Interestingly, activation of CB1 receptors attenuates the H/H 
induced cerebrocortical hyperemia by a yet undefined mechanism. There-

fore, the cerebrovascular and systemic circulatory actions of CB1 antagonists 
have to be considered as potential side effects during management of obesity 
and diabetes.
Supported by: an EFSD/Servier grant, Hungarian OTKA (K62375) and NKTH 
(H07-BEL74286)
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Phthalate metabolites are associated with insulin resistance in 3T3-L1 
cells in vitro
N. Kloeting1, R. Chakaroun1, M. Illes1, M. Fasshauer1, P. Kovacs1,2,  
M. Stumvoll1, M. Blüher1; 
1University of Leipzig, 2IZKF, Leipzig, Germany.

Background and aims: The metabolites of di-(2-ethylhexyl)-phthalate 
(DEHP), a ubiquitous environmental contaminant, might influence glucose 
homeostasis and insulin sensitivity of adipose tissue. We therefore investi-
gated the effects of DEHP treatment on insulin stimulated glucose uptake, 
palmitate uptake into 3T3L1 adipocytes as well as on mRNA expression of 
key adipocyte genes in vitro.
Materials and methods: Mouse 3T3-L1 preadipocytes (American Type Cul-
ture Collection, Rockville, MD) were cultured with 0.01% DEHP for two days 
and differentiated into mature adipocytes. In fully differentiated 3T3L1 adi-
pocytes, basal and insulin-stimulated glucose transport was measured using 
2-deoxyglucose. In addition, uptake of palmitic acid into 3T3-L1 cells was es-
timated by a [1-14C] palmitic acid based assay (Perkin Elmer, Massachusetts, 
USA). Triglyceride content was determined using the LabAssay Triglyceride 
(WAKO Pure Chemicals). The mRNA expression of key genes in adipose tis-
sue function was performed using RT-PCR.
Results: Treatment with DEHP resulted both in increased basal and insulin 
stimulated glucose uptake. Palmitic acid uptake was not affected by DEHP 
treatment in vitro. DEHP treatment of 3T3L1 adipocytes significantly in-
creased adipocyte proliferation rate. In parallel to that, expression of IGF1R, 
PI3K, VAMP4 mRNA was up-regulated, whereas adiponectin mRNA expres-
sion was down-regulated in response to DEHP treatment.
Conclusion: The environmental contaminant DEHP has significant effects 
on adipocyte proliferation, gene expression and in vitro glucose uptake into 
adipocytes which may contribute to adipose tissue dysfunction in obesity.
Supported by: KFO 152 (DFG, Germany)
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Identification and characterisation of candidate genes in diet-induced 
non-alcoholic fatty liver disease in inbred mice
H.E. Waller-Evans1, J. Fearnside1, K. Argoud1, A. Burt2, S.P. Wilder1,3,  
I. Gut4, J. Scott5, D. Gauguier1; 
1Wellcome Trust Centre for Human Genetics, University of Oxford, 
United Kingdom, 2Institute of Cellular Medicine, University of Newcastle, 
Newcastle upon Tyne, United Kingdom, 3Embl-ebi, Wellcome Trust 
Genome Campus, Cambridge, United Kingdom, 4Equipe Genotypage 
Plante, Centre National de Génotypage, Paris, France, 5National Heart and 
Lung Institute, Imperial College London, United Kingdom.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is associ-
ated with the metabolic syndrome, which comprises several disorders includ-
ing obesity and type 2 diabetes mellitus, and is influenced by both genes and 
environmental factors. Mouse models are important tools in the dissection of 
the genetics of these complex diseases. The aim of this research is to identify 
susceptibility genes for obesity and NAFLD in inbred mice susceptible (129S6) 
and resistant (BALB/c) to high-fat diet induced obesity and NAFLD.
Materials and methods: 129S6 and BALB/c mice were intercrossed to gener-
ate a cohort of 180 F2 hybrids. Male F2 mice were fed high-fat diet (40% fat) 
for 15 weeks and scored for body weight, adiposity (obesity), NAFLD and 
liver inflammation phenotypes. Genome-wide scans were performed with 
400 Single Nucleotide Polymorphism markers showing evidence of allele 
variation between 129S6 and BALB/c. Genetic maps were constructed using 
JoinMap. Linkage analyses between genotypes and quantitative phenotypes 
were performed using R/qtl.
Results: Statistically significant Quantitative Trait Loci (QTLs) linked to body 
weight were identified on chromosomes 3 (logarithm of the odds (LOD) 4.7) 
and 4 (LOD 5.1). The chromosome 4 QTL was also strongly linked to adi-
posity (LOD 5.6) and NAFLD (LOD 3.8). A region of chromosome 18 was 
significantly linked to NAFLD phenotypes including macrovesicular and mi-
crovesicular steatosis (LOD 5.1 and 8.4 respectively) and inflammation (LOD 
4.2), but did not show evidence of linkage to adiposity. At the QTLs iden-
tified, 129S6 alleles contribute to increased body weight and adiposity, and 
increased incidence of NAFLD and inflammation phenotypes.
Conclusion: These data demonstrate the polygenic control of both obesity 
and NAFLD induced by high fat diet feeding. QTL data suggest that NAFLD 
and obesity underlie the effect of the same gene(s) on chromosome 4, which 
does not cause inflammation. In contrast, NAFLD can also develop through 
a different mechanism controlled by a gene on chromosome 18 which leads 
to liver inflammation without influencing adiposity. Genome annotations of 
NAFLD QTLs and sequence analysis have provided information for strong 
positional and functional NAFLD candidate genes which we are currently 
investigating.

655
Hepatocyte-specific inflammation enhances VLDL production in mice
J.A. van Diepen1, M.-C. Wong2, S.E. Shoelson3, L.M. Havekes4, J.A. Romijn1, 
P.J. Voshol1; 
1Endocrinology and Metabolic Diseases, Leiden University Medical Center, 
Netherlands, 2Pulmonology, Leiden University Medical Center, Netherlands, 
3Joslin Diabetes Center and Department of Medicine, Harvard Medical 
School, Boston, United States, 4Department of Biomedical Research, TNO-
Quality of Life, Leiden, Netherlands.

Background and aims: The low-grade inflammation that is associated with 
Type 2 Diabetes (DM2) and Cardiovascular Diseases (CVD) plays an im-
portant role in their pathophysiology. Shoelson et al have shown that activa-
tion of the inflammatory Nf-κB pathway in the hepatocyte induces severe 
metabolic changes. We questioned whether hepatocyte-specific activation of 
Nf-κB affects triglyceride and cholesterol metabolism directly.
Materials and methods: The LIKK-mouse has a transgenic hepatocyte ex-
pression of constitutive active IkB kinase, IKKβ. We crossbred this LIKK-
mouse with the APOE*3Leiden mouse for its human-like lipid metabolism 
and investigated the effects of this continuous activation of liver Nf-κB on 
fasted plasma cholesterol, triglycerides and lipoproteins in 12 week old male 
LIKK.APOE*3Leiden and APOE*3Leiden mouse fed a chow diet (n=6). Liv-

ers were collected to determine hepatic steatosis. Furthermore, hepatic VLDL 
production was measured using Triton WR1339 to block peripheral VLDL 
lipolysis, in overnight fasted mice (n=8).
Results: Constitutive active IKKβ expression in the hepatocyte induced an in-
crease in basal triglycerides (p<0.05) in APOE*3Leiden mice, which was con-
firmed by elevated levels of VLDL-triglycerides (0.576 vs 0.382 mM). Liver li-
pid content was not different between both mice. By blocking the VLDL lipol-
ysis with Triton1339, VLDL-triglycerides were accumulating faster in LIKK.
APOE*3Leiden mice than APOE*3Leiden mice (0.065±0.017 vs 0.044±0.013 
mM min-1, p<0.05), thereby showing an increased hepatic VLDL production.
Conclusion: These data show that hepatocyte-specific low grade inflamma-
tion directly increased VLDL-TG levels in plasma by upregulation of hepatic 
VLDL production. We can conclude that chronic low-grade inflammation 
plays an important role in the pathophysiology of dyslipidemia associated 
with Cardiometabolic risk.
Supported by: NWO Zon-MW VIDI grant 917.76.301, Career Development 
grant: 2005.01.003
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Influence of lipodystropy on gene expression in liver
B. Knebel1, J. Haas2, S. Jacob1, U. Nitzgen1, D. Muller-Wieland2, J. Kotzka1; 
1Clinical Biochemistry and Pathobiochemistry, German Diabetes Center, 
Duesseldorf, 2Institut for Diabetes Research and I. Med. Dep. Asklepios 
Clinic St. Georg, Hamburg, Germany.

Background and aims: Sterol regulatory element binding protein (SREBP)-
1c is a key transcription factor that mediates the gene regulatory effects of 
hormones, cytokines, metabolites as lipids or glucose as well as cholesterol. 
The systemic impact of this central regulator of lipid metabolism in vivo was 
analyzed by tissue specific overexeression of SREBP-1c in adipose tissue and 
liver.
Materials and methods: We generated transgenic mouse models that express 
the N-terminal transcriptional active domain of SREBP-1c adipose tissue 
specific under control of the aP2 promoter. The second model SREBP-1c is 
expressed liver specific under control of the albumin promoter and a liver 
specific enhancer. Animals were kept under standardized conditions with 
unrestricted access to water and chow until the age of 24 or 48 weeks, re-
spectively. Following liver resection histological and gene expression stud-
ies (Mouse 430 2.0, (Affymetrix)) were performed. RNA-data were analyzed 
on statistical relevance and significant expression variation of at least 2-fold 
(p=0.01) over the complete experimental series (Genespring, Agilent).
Results: Overexpression of SREBP1c in adipose tissue results in a complete 
loss of adipose tissue i.e. features of lipodstropy with the parallel develop-
ment of massive fatty livers. In contrast, the liverspecific overexpression of 
SREBP-1c results in hepatic lipid accumulation, featuring a fatty liver with 
massively increased of visceral adipose tissue. The direct comparison of the 
different gene regulation in the livers shows in the lipodystrophic mouse 
model the differential regulation of approximal 1000 transcripts. Here genes 
for lipid peroxidation, transport and degradation of oxidized lipids being es-
sential in neutralization of oxidative metabolic products i.e. ATP-transporter 
as ABCA1 but also key signaling molecules as PPAR-gamma or apolipopot-
eines are differentially regulated. The increased expression of genes from 
stress- and apoptosis signaling pathways as heat shock proteins or caspases 
might indicate the declining compensation of hepatic lipid intoxication. In 
the fatty liver model approximately 2500 genes, including genes for lipid and 
energy- metabolism like mitochondrial NADH-dehydrogenase, aldehyd-de-
hydrogenases, various sterol carrier proteins or cytochrome subunits next to 
intra- and extra- cellular transporters, were regulated.
Conclusion: These mouse models allow the elucidation of the pathogenet-
ic role of the transcription factor SREBP-1c, but also the investigation of a 
pathophysiology of primary lipid accumulation in liver as well as the long 
term effects of chronic fatty liver.
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Liver metabolic fluxes in response to high fat diet
G. Vial1, H. Dubouchaud1, K. Couturier1, N. Taleux1, A. Athias2,  
A. Galinier3, X. Leverve1; 
1INSERM U884, Grenoble, 2Université de Bourgogne, INSERM UMR866, 
Dijon, 3UMR 5241 CNRS-UPS, IFR 31, C.H.U. Rangueil, Toulouse, France.

Aim: To determine adaptations of metabolic fluxes in liver of adult rats fed 
with a high fat (HF) diet.
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Methods: Hepatocytes isolated from rats fed either a standard (carbohydrate 
diet: CHO) or a HF diet were perifused with increasing concentrations of 
glycerol in the absence or presence of octanoate (0.4mM).Glucose, lactate, 
pyruvate, hydroxybutyric acid and oxaloacetic acid production were meas-
ured at each substrate concentration. Oxygen consumption and major en-
zymatic activities were measured in isolated hepatocytes and isolated liver 
mitochondria. Analysis of gene expression involved in major metabolic path-
ways was assayed in liver using RT-PCR.
Results: Gluconeogenesis from glycerol is increased in HF group in the pres-
ence of octanoate (+30%) but is decreased in the absence of fatty acid. This ef-
fect was associated with an increase in glycerol metabolism without effect on 
glycolysis. In both conditions, cytosol was more oxidized whereas mitochon-
drial compartment was more reduced. Cellular and mitochondrial oxidative 
capacities were reduced by HF diet (-40%). As glycerol metabolism requires 
a stoechiometric utilization of ATP and NAD+, control of this pathway is ei-
ther at the dehydrogenase level, (at low rate of glycerol metabolism), or at the 
phosphorylation level (at high rate of metabolism) depending on the redox 
condition. Hence, the lower glycerol metabolism observed with HF at high 
flux is due to diminished oxidative phosphorylation capacity and to an inabil-
ity to maintain ATP content in the cytosol. By contrast, when flux through 
the pathway is reduced by high redox pressure generated by fatty acid me-
tabolism, the ability of HF rats to maintain an oxidized cytosolic compart-
ment allow then to metabolize more glycerol. In addition, RT-PCR revealed 
an enhanced expression of glycerol kinase mRNA and phosphoenolpyruvate 
carboxykinase mRNA in HF rats supporting an elevation of gluconeogenesis 
pathway in presence of fatty acid.
Conclusion: Metabolic fluxes were highly altered by HF diet. These changes 
were attributed to oxidative phosphorylation adaptation and to genomic reg-
ulation of key enzymes of carbohydrate and fatty acid metabolic pathways.
Supported by: Fresenius Kabi, INSERM
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Prominent role of liver in elevated plasma palmitoleate levels in response 
to a low-dose rosiglitazone
T. Jelenik1, O. Kuda1, B. Stankova2, E. Tvrzicka2, M. Hensler1, M. Rossmeisl1, 
P. Flachs1, J. Kopecky1; 
1Dept. of Adipose Tissue Biology, Institute of Physiology, Academy of 
Sciences, 24th Department of Internal Medicine, Charles University, 1st 
Faculty of Medicine, Prague, Czech Republic.

Background and aims: Thiazolidinediones, such as rosiglitazone, are insu-
lin-sensitizing drugs, which exert their benefits as agonists of peroxisome 
proliferator-activated receptor-γ. Recently, palmitoleate (C16:1n-7) has been 
identified as adipose tissue-derived lipokine that stimulates muscle insulin 
action. In this study, tissue expression of stearoyl-CoA desaturase-1 (SCD-1), 
an enzyme driving the formation of palmitoleate, as well as complex changes 
of fatty acid (FA) composition induced by a low-dose rosiglitazone were ana-
lyzed in mice fed a high-fat diet.
Materials and methods: C57BL/6 mice were fed a corn oil-based high fat 
(lipids ~35% weight/weight) diet or high-fat diet supplemented with ros-
iglitazone (10 mg/kg diet) for 8 weeks. Insulin sensitivity was assessed by 
hyperinsulinemic-euglycemic clamps, while FA composition in various lipid 
fractions in plasma, liver, and adipose tissue was analyzed using gas chro-
matography and evaluated by principal component analysis (PCA). Gene 
expression was assessed by real-time quantitative RT-PCR.
Results: Low-dose rosiglitazone increased whole-body glucose turnover 
during clamp (41 ± 3 vs. 30 ± 5 mg/kg/min, rosiglitazone vs. high-fat, re-
spectively; p<0.05) without significantly affecting hepatic glucose produc-
tion, suggesting improved muscle glucose metabolism. After rosiglitazone 
treatment, Scd-1 expression increased ~2-fold in adipose tissue and skeletal 
muscle, however in the liver it increased >5-fold. In general, rosiglitazone 
induced a shift towards monounsaturated FAs in the liver, adipose tissue and 
plasma, with palmitoleate being the most up-regulated FA (3-, 1.5-, and 2-
fold, respectively). Specifically in the liver, enrichment of cholesteryl esters 
and phosphatidyl cholines with palmitoleate and vaccenate was found, and 
strong correlations between the changes of various lipid fractions in the liver 
and total plasma lipids were observed (r = 0.74-0.88).
Conclusion: Changes in plasma lipid profile favouring monounsaturated 
FAs, mainly palmitoleate due to induction of Scd-1 in the liver, could be in-
volved in the stimulatory effect of rosiglitazone on muscle insulin sensitivity 
in mice fed a high-fat diet.
Supported by: Czech Science Foundation
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IL-1β in conditioned medium from TNFα pre-treated 3T3-L1 adipocytes 
mediates insulin resistance in Fao hepatoma cells
O. Nov, A. Kohl, E. Lewis, N. Bashan, A. Rudich; 
Department of Clinical Biochemistry, Ben Gurion University, Beer Sheva, 
Israel.

Introduction: Central obesity is frequently associated with adipose tissue in-
flammation and hepatic insulin resistance. We hypothesized that an in-vitro 
system to assess if insulin resistance in liver cells could be induced by secreted 
products from adipocytes pre-exposed to an inflammatory stimulus could 
assist in identifying individual mediators in this process. 
Methods: 3T3-L1 adipocytes were exposed to TNFα for 18 hours in the ab-
sence and presence of Rosiglitazone or YVAD (caspase I inhibitor II). Cells 
were washed thoroughly, and conditioned medium from control adipocytes 
(CM) or from TNF-pre-treated adipocytes (TNF-CM) was collected during 
the subsequent 24h. CM and TNF-CM were used to treat Fao hepatoma cells 
in the absence or presence of interleukin 1 receptor antagonist (IL-1Ra), after 
which insulin action was studied. Cytokines levels in CM or CM-TNF were 
analyzed by ELISA and LUMINEX technology.
Results: As compared to CM -treated Fao cells, TNF-CM induced a de-
crease in insulin-stimulated IR (p<0.05) and IRSs tyrosine phosphorylation 
(p<0.05), and in PKB (p<0.01) and GSK3 serine phosphorylation (p=0.01), 
with no effect on the total amount of either of these proteins. Moreover in-
sulin stimulated glycogen synthesis by 2-fold in CM treated Fao, an effect 
nearly fully blunted in TNF-CM treated cells. Rosiglitazone added prior to 
and during TNFα treatment of adipocytes partly prevented (p<0.05) insulin 
resistance in Fao cells induced by TNF-CM. Screening of possible inflam-
matory cytokines elevated in TNF-CM showed a 10-fold increase in IL-1β 
(p<0.01) and 4-fold in IL-6 (p<0.05), whereas TNFα levels were without 
change and IL-1α decreased compared to CM. Direct exposure of Fao to IL-
1β or to IL-6 impaired insulin signaling, which in the case of IL-1β could 
be prevented by IL1-Ra. Similarly, IL-1Ra prevented the insulin resistance 
induced in Fao cells by TNF-CM. Moreover, treatment of adipocytes with 
YVAD (during preparation of TNF-CM) decreased IL-1β levels in TNF-CM 
by 70% (p<0.05), and prevented insulin resistance in the Fao cells. Intrigu-
ingly, IL-6 levels in TNF-CM were also diminished by YVAD (an inhibitor of 
the production of IL-1β and IL-18).
Conclusion: We conclude that IL-1β is a central mediator of disturbed 
crosstalk between adipocytes and Fao cells that is induced by exposure of 
adipocytes to the prototypic pro-inflammatory cytokine TNFα. This effect 
can be attenuated using rosiglitazone and YVAD (on the adipocytes), or IL-
1Ra (on the liver cells). Although other cytokines may also contribute to the 
disturbed adipocyte-hepatocyte crosstalk, it seems that in this system IL-1β 
plays a central role, potentially also acting in an autocrine fashion to induce 
IL-6 secretion from adipocytes.
Supported by: Israel Science Foundation, Israel Ministry of Health
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Association of fatty liver increases small, dense LDL in metabolic 
syndrome
I. Sugino1, K. Kuboki1, T. Matsumoto1, S. Nakano1, C. Nishimura2,  
G. Yoshino1; 
1Division of Diabetes, Metabolism and Endocrinology, Department of 
Internal Medicine (Omori), 2Department of Medical Informatics, Toho 
University School of Medicine, Tokyo, Japan.

Background and aims: Small,dense LDL (sLDL)is known as an atherogenic 
lipoprotein and is often associated with metabolic syndrome (MS). High fre-
quency of sLDL is found in hypertriglyceridemic subjects. Also, fatty liver 
(FL) is often associated with MS. Therefore,the present study was conducted 
to examine if association of FL increases sLDL-cholesterol (sLDL-C) in the 
subjects with MS.
Materials and methods: Two hundred and seven patients were enrolled in 
this study. Fatty liver was estimated by echogram. Presense of MS was diag-
nosed according to the Japanese Guidelines for the Definition of Metabolic 
Syndrome. Plasma sLDL-C was measured by the 2-step (precipitation and 
homogeneous) assay system established by Hirano et al. Plasma triglyceride 
and LDL-C were measured by a standard autoanalizer method. One- and 
two-way analyses of variance (ANOVA) were used to compare mean values 
among groups. All values were expressed as mean ± SD. A significant differ-
ence was defined as p<0.05.
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Results: sLDL-C of MS group was higher than that of non-MS group( 
45.4±24.2 vs. 36.5±18.9). sLDL/LDL-C of MS group was also higher than that 
of non-MS group( 0.34±0.15 vs. 0.28±0.12). Also sLDL-C and sLDL/LDL of 
FL groups were both higher than those of non-FL groups( 46.5 ±24.1 vs. 
35.9±19.1 , 0.35±0.14 vs. 0.28±0.12). Correlation coefficients between plasma 
triglyceride and sLDL-C and between plasma triglyceride and sLDL/LDL 
were 0.36 and 0.51, respectively. Furthermore, in MS group, those correlation 
coefficients were 0.32 and 0.52, respectively. While in non-MS group, they 
were 0.36 and 0.40, respectively. In FL group, they were 0.32 and 0.52, and in 
non-FL group, 0.32 and 0.38, respectively. Two-way ANOVA revealed that FL 
was more powerful determinant of plasma sLDL-C ( p=0.010 ) or sLDL/LDL 
( p=0.008 ) , but not MS. When we divided all subjects into four groups such 
as MS(-)FL(-), MS(-)FL(+), MS(+)FL(-) and MS(+)FL(+) groups, sLDL/LDL 
of MS(+)FL(+) group was significantly higher than all other groups.
Conclusion: In this study, we found that if both MS and FL are present, 
sLDL/LDL is significantly higher than that in all other groups. The liver 
may produce triglyceride from exess circulating glucose, free fatty acid and 
triglyceride,which may result in development of fatty liver. In order to avoid 
further triglyceride deposition, fatty liver may secrete triglyceride-enriched 
VLDL particles, which is recognized as a precursor of sLDL particles. In 
the present study, we found a significant relationship between sLDL-C and 
plasma trigryceride. Furthermore, this became stronger in fatty liver group, 
indicating that fatty liver may produce triglyceride-rich VLDL, thereby con-
tributing to an appearance of sLDL particles in plasma of MS patients with 
fatty liver. Together with the result that sLDL/LDL ratio was the highest in 
MS(+)FL(+) group, our present findings may support above hypothesis.
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Independent relationship between decrease of liver triglyceride content 
and increase of plasma adiponectin levels after pioglitazone treatment in 
patients with type 2 diabetes
K. Nagasawa, Y. Kaneko, H. Taneichi, M. Masaya, T. Takahashi, S. Kakino, 
H. Honma, M. Yamashina, M. Ishii, F. Fujiwara, T. Kajiwara, N. Takebe,  
K. Takahashi, J. Satoh; 
Division of Diabetes and Metabolism, Iwate Medical University, Morioka, 
Japan.

Background and aims: Pioglitazone, an insulin-sensitising thiazolidinedi-
one, has multiple clinical effects including improvement of insulin sensitivity, 
decrease of liver fat content, increase of plasma adiponectin levels, and im-
provement of serum lipid profiles. However, a correlation and causal relation-
ship between these effects are not fully understood clinically. Therefore, we 
analyzed these in patients with type 2 diabetes treated with pioglitazone.
Materials and methods: Fifteen Japanese patients with type 2 diabetes were 
treated with piopglitazone (15 mg/day) for 24 weeks. Before and after the pi-
oglitazone treatment, BMI (kg/m2), liver triglyceride (TG) content (% out of 
water), fasting plasma glucose (mg/dl), fasting plasma insulin (U/ml), HbA1c 
(%), plasma adiponectin (μg/ml), plasma NEFA (mEq/l), serum lipids [total 
cholesterol (mg/dl), TG (mg/dl), LDL-cholesterol (mg/dl), HDL-cholesterol 
(mg/dl), RLP-cholesterol (mg/dl), and midband (%)], AST (IU/l), ALT (IU/
l), and gamma-GTP (IU/l) were measured. Liver TG content was measured 
by magnetic resonance spectroscopy (MRS) at 3.0 tesla.
Results: Liver TG content (26.1±25.2 vs. 7.3±4.5, p<0.05), HOMA-R (5.1±3.6 
vs. 2.6±1.5, p=0.07), HbA1c (8.1±1.5 vs. 7.1±1.6, p<0.01), plasma adiponec-
tin (4.8 vs. 10.9, p<0.01), and serum levels of TG (181 vs. 118, p<0.01), HDL-
cholesterol (60 vs. 67, p=0.07), RLP-cholesterol (5.9 vs. 4.9, p<0.01), midband 
(15 vs. 10, p<0.01), AST (32±15 vs. 21±5, p<0.05), ALT (45±38 vs. 25±9, 
p<0.05), and gamma-GTP (66±42 vs. 43±19, p=0.06) were significantly (or 
tendency of significance) decreased or increased, whereas BMI (26.9±4.7 vs. 
27.0±4.3), and serum total cholesterol (223 vs. 216), LDL-cholesterol (137 vs. 
128), and NEFA (0.42 vs. 0.39) were not significantly changed. There was a 
significant correlation between decrease of liver TG content and increase of 
plasma adiponectin levels after the pioglitazone treatment (R=-0.7, p<0.05). 
Stepwise multiple regression analysis adjusted for the all variables described 
above showed that decrease of liver TG content was independently and sig-
nificantly associated with increase of serum adiponectin levels (β=-0.98, 
R2=0.95, P<0.001).
Conclusion: These results indicate that the pioglitazone treatment increased 
plasma adiponectin levels and resulted in decrease of the liver TG content via 
activation of AMP-activated protein kinase (AMPK), because it has already 
been reported that adiponectin activates AMPK, which stimulates fatty acid 
oxidation in the liver.
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Glucose intolerance in patients with chronic hepatitis B or chronic 
hepatitis C is related with different factors
A.N. Mavrogiannaki, B.G. Karamanos, E.K. Manesis, J.S. Koskinas,  
G.V. Papatheodoridis, A.J. Archimandritis; 
Diabetes Center, 2nd Academic Department, Athens, Greece.

Background and aims: The prevalence of glucose intolerance in patients 
with chronic hepatitis B (CHB) or C (CHC) is higher than in the general 
population and moreover it is higher in CHC than CHB. Aim of the present 
study was to explore possible associations of glucose intolerance with differ-
ent factors in CHB or CHC.
Materials and methods: We studied 83 consecutive CHB patients and 113 
CHC patients examined at the outpatient liver clinic. Blood samples were 
obtained for laboratory investigations and OGTT was performed in all (ex-
cept in known diabetics). A liver biopsy was performed in 80% of patients 
according to clinical indications and evaluated blindly. As glucose intoler-
ance (GI) we considered abnormal OGTT or known diabetes. We compared 
biochemical and histological abnormalities and the use of interferon between 
CHB patients with GI (N=24) and CHC with GI (Ν=40). All comparisons 
were done after adjustment for age and BMI.
Results: CHB-GI patients, compared with those with CHC-GI had more fre-
quent family history of diabetes (58.3% vs 27.5%, P=0.019), while CHC-GI com-
pared with CHB-GI had higher systolic blood pressure (127.7 ± 2.2 mm Hg vs 
115.6 ± 3.0 mm Hg, Ρ=0.002), higher insulin resistance, by HOMA model (5.1 ± 
0.6 vs 3.8 ± 0.3, Ρ=0.044), c-peptide (1.2 ± 0.2 ng/ml vs 0.6 ± 0.2 ng/ml, Ρ=0.039), 
Apo A (135.5 ± 6.6 mg% vs 102.1 ± 9.4 mg%, Ρ=0.007) and lower HDL (42.0 ± 
2.6 mg% vs 53.5 ± 3.6 mg%, Ρ=0.015). The prevalence of cryoglobulinemia was 
higher in CHC-GI group (58.3% vs 10.5%, Ρ=0.001). Insulin/c-peptide molar 
ratio (index of insulin uptake by the liver), and aminotrasferase level were not 
different. The majority of patients in both groups had mild histological altera-
tions of fibrosis, but the grade of necroinflamatory activity, the stage of fibrosis, 
the presence of cirrhosis, the grade of steatosis and the use of interferon were not 
different between CHB-GI and CHC-GI patients.
Conclusion: a) The type and the grade of histological alterations of the liver 
are similar in patients with chronic hepatitis B or C and cannot explain the 
higher prevalence of Glucose Intolerance in C, while b) glucose intolerance 
is related with genetic factors (family history of diabetes) in B and epigenetic 
factors in C (insulin resistance, cryoglobulinemia), which may explain its 
higher prevalence in C.
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Adipocytokines, insulin resistance and hepatitis C 
E.D. Rusu1,2, G. Radulian2, I. Ancuta2, F. Rusu3, M. Jinga4, A. Dragomir3,  
D. Cheta1; 
1Nutrition, diabetes, Healthy Nutrition Foundation, 2University of Medicine 
“Carol Davila, 3Healthy Nutrition Foundation, 4Emergency Military 
Hospital “Carol Davila”, Bucharest, Romania.

Background and aims: The aim of this study was to analysis if adipocy-
tokines levels correlate with parameters exploring insulin resistance (IR) and 
indices of chronic liver disease.
Materials and methods: We selected 110 patients who are divided in 2 
groups: group A - 65 patients with chronic hepatitis C (CHC); and group B 
- 45 healthy volunteers (without CHC or diabetes - control group). IR was 
determinated used Homeostasis model assessment (HOMA-IR). All patients 
with CHC underwent liver biopsy and the liver specimens were evaluated 
with the Ishak scoring system for viral liver disease. Body weight, BMI, lipid 
profile, alanin aminotransferase, aspartat aminotransferase, gamma glutamil 
transpeptidase, proinflammatory state and adipocyokines were measured.
Results: The average age was 55.45±11.63 in group A and 54.27±15 years in group 
B. HOMA-IR (3.35 versus 1.65), adiponectin (6.21 versus 3.12 µg/ml), TNF alpha 
(1.99 versus 0.54 pg/ml), IL-6 (3.45 versus 1.33 pg/ml) was significantly higher in 
CHC patients (all p < 0.05). By multiple linear regression, independent predictors 
of HOMA-IR included the body mass index, apparent liver disease duration, and 
the serum levels of leptin, TNF alpha, IL-6 (positive correlation) and adiponectin 
(negative correlation). TNF alpha and IL-6 levels was correlated with the extent of 
histological injury (portal/periportal inflammation, p = 0.001).
Conclusion: Several pathogenic mechanisms may be involved in the effect of 
CHC on insulin resistance and adipocytokines and inflammatory cytokines 
play an important part.
Supported by: The Romanian National Authority for Scientific Research PNC-
DI2 program DIADIPOHEP
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Search for low-frequency variants associated with overall and central 
adiposity
C.M. Lindgren1,2, S. Ripatti3, E. Zeggini1,4, L. Peltonen4, M.I. McCarthy1,2, 
A.P. Morris1; 
1Wellcome Trust Centre for Human Genetics, University of Oxford, United 
Kingdom, 2Oxford Centre for Diabetes, Endocrinology and Metabolism, 
University of Oxford, United Kingdom, 3FIMM Institute for Molecular 
Medicine Finland, University of Helsinki, Finland, 4Wellcome Trust Sanger 
Institute, Hinxton, United Kingdom.

Background: Recent genome-wide association studies have identified more 
than 20 common variants that are associated robustly to overall and central 
adiposity. However, with these associations we can explain only ~2% of the 
variance of adiposity. Available sample-sizes and traditional statistical associ-
ation analysis techniques are well-powered for searches for common variants 
but are likely to be under-powered to identify low frequency variants (LFV) 
with moderate effect sizes.
Methods: We have developed a method for detecting association of quan-
titative phenotypes with accumulations of minor alleles at LFV within gene 
coding regions (± 50kb to incorporate additional functional elements and the 
promoter region). With our approach, the phenotype is modelled in a regres-
sion framework as a function of the proportion of LFV at which an individual 
carries minor alleles, heterozygous or homozygous, and can be adjusted for 
necessary covariates. Using this method we have screened 6,686 samples 
from the Type 2 Diabetes(T2D)-WTCCC cohort (genotyped using the Af-
fymetrix GeneChip Human Mapping 500K Array) and the Northern Finnish 
Birth cohort (NFBC) 1966 (genotyped using the Illumina HumanHap 370 
BeadChip). We tested for association of accumulations of variants with a mi-
nor allele frequency <5% to overall (body mass index, BMI) and central adi-
posity (waist-circumference [WC] and waist-hip ratio [WHR], both adjusted 
for BMI). All three phenotypes were log transformed, with analyses adjusted 
for age and gender. Analyses were performed separately, within each cohort, 
and combined through meta-analysis for each gene containing rare variants 
on both genotyping platforms.
Results: The strongest signal of association with BMI was observed through 
meta-analysis on chromosome 4p13 (p=9.3x10-6, effect size (beta)=0.033, 
standard error (se)=0.0075), with consistent effects in both cohorts, despite 
differences in the SNPs genotyped in each. Strong signals of association with 
WC were observed in the T2D-WTCCC cohort on chromosomes 17q12 
(p=4.4x10-5, beta=-0.014, se=0.0034) and 12p13 (p=6.2x10-5, beta=-0.020, 
se=0.0051), and with WHR in the NFBC on chromosome 9q34 (p=8.7x10-5, 
beta=-0.010, se=0.0026).
Conclusion: None of these loci have been previously associated with adipos-
ity in studies of common variants but at least two of them are plausible bio-
logical candidates (i.e. one putative phospholipase and one neuronal sodium 
channel). We are currently following up these regions, together with a few 
weaker signals of association with strong candidacy for adiposity, with deep 
re-sequencing of samples in the tails of the adiposity distribution.
Supported by: The Wellcome Trust
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Regulatory mechanisms for adipose tissue M1 and M2 macrophages in 
diet-induced obese mice
K. Tobe, I. Usui, Y. Kanatani, S. Fujisaka, S. Senda, B. Agussalim,  
Y. Yamazaki, H. Suzuki, M. Iwata, M. Ishiki, M. Urakaze; 
First Department of Internal Medicine, University of Toyama, Japan.

Background and aims: Obesity and insulin resistance are closely associated 
with a state of low-grade inflammation in adipose tissue. Adipose tissue mac-
rophages (ATMs) consist of at least two different phenotypes, i.e., classically 
activated M1 macrophages secreting pro-inflammatory cytokines and alter-
natively activated M2 macrophages that secrete anti-inflammatory cytokines, 
including IL-10.
Materials and methods: After the mice had been subjected to a high-fat diet 
and pioglitazone (an insulin sensitizer) treatment (Pio), ATMs were ana-
lyzed by flow cytometry using CD206 as an M2 marker and CD11c as an M1 
marker.

Results: Not only the numbers of M1 ATMs and the expression of M1 marker 
genes, such as TNFa and MCP-1, but also the M1/M2 ratio were increased by 
a high-fat diet (HFD) and decreased by subsequent pioglitazone treatment. 
We also found that the increased number of M2 ATMs after an HFD was 
associated with the increased expression of IL-10, an anti-inflammatory cy-
tokine, in the adipocyte fraction as well as in adipose tissue. The systemic 
overexpression of IL-10 by an adenovirus vector increased the expression of 
M2 markers in adipose tissue. In addition, overexpression of IL-10 improved 
insulin sensitivity and insulin signaling both in lean and high fat-induced 
obese mice. Interestingly, the expression of genes involved in mitochondrial 
OXPHOS and b-oxidation was increased in the skeletal muscle, which may 
be mediated by IL-10’s effect on hypothalamus. These results suggest that IL-
10 improved whole body insulin sensitivity by suppression of hepatic glu-
coneogenesis and an increase in genes involved in fatty acid oxidation and 
mitochondrial OXPHOS in the skeletal muscle.
Conclusion: M1 and M2 ATMs constitute different subsets of macrophages. 
Insulin resistance is associated with both the number of M1 macrophages 
and the M1/M2 ratio. IL-10 secreted from M2 ATMs may contribute to the 
improvement of insulin resistance.

666
Fat depot-specific differences in inflammatory markers in lean and obese 
insulin resistant pregnant rats
J. Marciniak, J. de Castro, J. Sevillano, A. Acevedo, E. Herrera, M.P. Ramos 
Alvarez; 
Biochemistry, Molecular and Cellular Biology, Faculties of Pharmacy and 
Medicine, University CEU San Pablo, Madrid, Spain.

Background and aims: In healthy pregnancy, several components of the 
metabolic syndrome, such as insulin resistance, hypertrygliceridemia and 
up-regulation of inflammatory markers, are present. Furthermore, obesity 
before pregnancy is becoming a common issue in obstetric management. We 
have shown that lumbar adipose tissue (AT) exhibits a low grade inflamma-
tion during pregnancy that correlates with insulin resistance in the mother. 
Fat depots vary in size, function, and their potential contribution to disease. 
It is not known, however, whether in pregnancy there are regional differences 
in AT inflammation. Thus, the present study was aimed at characterizing the 
contribution of different fat depots to the inflammatory state associated with 
late pregnancy, and at determining whether obesity before pregnancy impairs 
this inflammatory condition of the mother.
Materials and methods: 2 months old rats were fed ad libitum a standard 
chow diet (control) or a palatable cafeteria diet (CF-diet). After 30 days, all 
animals were mated and the respective control or CF-diet was maintained 
during pregnancy. On day 20 of gestation (late pregnancy), animals were sac-
rificed, and lumbar and mesenteric AT were removed. BMI, insulin sensitiv-
ity indexes (HOMA and FGIR), and biochemical parameters were estimated 
before and at late pregnancy. We also assessed plasma and tissular markers 
of inflammation (including TNF-alpha/IL-6 ratio as an index of Th1/Th2 re-
sponse).
Results: Animals fed on CF-diet showed a significant increase of body weight. 
In fact, 70% of the CF-diet rats were obese (BMI>95th). These animals had 
a significant increase in plasma triglycerides (TG), insulin, leptin, and IL-1. 
CF-diet also provoked a deterioration of insulin sensitivity as compared to 
controls. Pregnancy was followed by an elevation of both TG and insulin in 
the control group but not in the obese animals. Furthermore, insulin resist-
ance associated with late pregnancy was not further enhanced in the CF rats. 
Circulating levels of MCP-1 and PAI-1 were increased by pregnancy in both 
control and CF animals. Analysis of cytokines in various fat depots revealed 
that leptin, IL-1, TNF-alpha, and MCP-1 were higher in lumbar than in me-
senteric AT, whereas PAI-1 was increased in the mesenteric AT. In both fat 
tissues, no change of IL-6 was observed. Thus, lumbar AT of pregnant ani-
mals had a significantly higher index of type 1/type 2 inflammatory response 
as compared to mesenteric AT. Leptin was the only adipokine that was in-
creased in both fat depots of animals that were obese before pregnancy. Final-
ly, adiponectin, an adipokine associated with insulin sensitivity and vascular 
relaxation, was significantly higher in mesenteric than in lumbar AT, and was 
significantly decreased in the mesenteric fat of the obese pregnant rats.
Conclusion: Our results show that insulin resistance during late gestation is 
an inflammatory state irrespective of body fat mass and that this inflamma-
tory state could have a fat depot-specific physiological function. At one hand, 
lumbar AT exhibits a predominantly Th1 response, with increasing pro-in-
flamatory markers, such as TNF-alpha and IL-1, which may be implicated in 
the insulin resistance state of adipose tissue during pregnancy. At the other 
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hand, mesenteric adipose tissue shows an increase of PAI-1 and adiponectin, 
which may be involved in the changes of vascular function associated with 
pregnancy.
Supported by: Ministery of Science and Innovation from Spain

667
The gene expression of the main lipogenic enzymes is down-regulated in 
visceral adipose tissue of obese subjects
W. Ricart1, J.M. Fernandez-Real1, D. Mayas2, J.M. Moreno-Navarrete1,  
V. Catalan3, J. Gómez-Ambrosi4, E. Esteve1, J.I. Rodriguez-Hermosa5,  
B. Ruiz5, B. Peral6, G. Fruhbeck7, F.J. Tinahones2, F.J. Ortega1; 
1Service of Diabetes, Endocrinology and Nutrition, Institut de Recerca 
Biomèdica de Girona (IdIBGi), 2Service of Endocrinology and Nutrition, 
Hospital Clinico Universitario Virgen de Victoria de Malaga, 3Department 
of Endocrinology & Metabolic Research Laboratory, Clínica Universitaria 
de Navarra, Girona, 4Department of Surgery, Institut de Recerca Biomedica 
de Girona (IdIBGi), 5Department of Surgery, Institut de Recerca Biomèdica 
de Girona (IdIBGi), 6Service of Diabetes, Endocrinology and Nutrition, 
Instituto de Investigaciones Biomédicas Alberto Sols (IIB), Madrid, 
7Department of Endocrinology & Metabolic Research Laboratory, Clínica 
Universitaria de Navarra, Spain.

Background and aims: Contradictory findings regarding the gene expres-
sion of the main lipogenic enzymes in human adipose tissue depots have 
been reported. In this cross-sectional study, we aimed to evaluate the mRNA 
expression of fatty acid synthase (FAS) and acetyl-CoA carboxilase (ACC) 
in omental fat depots from subjects who varied widely in terms of body fat 
mass.
Materials and methods: Fatty acid synthase and acetyl-CoA carboxilase gene 
expression were evaluated by RT-PCR in 188 samples of visceral adipose tis-
sue which were obtained during elective surgical procedures in 119 women 
and 69 men.
Results: Decreased sex-adjusted FAS (-59%) and ACC (-49%) mRNA were 
found in visceral adipose tissue from obese subjects, with and without DM-
2, compared with lean subjects (both p<0.0001). FAS mRNA was also de-
creased (-40%) in fat depots from overweight subjects (p<0.05). Indeed, FAS 
mRNA was significantly and positively associated with ACC gene expression 
(r=0.316, p<0.0001) and negatively with BMI (r=-0.274), waist circumference 
(r=-0.437), systolic blood pressure (r=-0.310), serum glucose (r=-0.277) and 
fasting triglycerides (r=-0.226), within others (all p<0.0001). Similar associa-
tions were observed for ACC gene expression levels. In a representative sub-
group of non-obese (n=4) and obese women (n=6), relative FAS gene expres-
sion levels significantly correlated (r=0.657, p=0.034; n=10) with FAS protein 
presence. FAS protein levels were also inversely correlated with blood glucose 
(r=-0.640, p=0.046) and fasting triglycerides (r=-0.832, p=0.010).
Conclusion: The gene expression of the main lipogenic enzymes is down-
regulated in visceral adipose tissue from obese subjects.
Supported by: MEC, Generalitat de Catalunya, ISCIII
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Insulin sensitivity correlates with visceral adipose tissue heme 
oxygenase-1 expression that is determined by hip to waist ratio
M. Zeyda1, S. Shakeri-Manesch2, J. Huber1, B. Ludvik1, G. Prager2,  
T.M. Stulnig1; 
1Dept. of Internal Medicine III, Clin. Div. of Endocrinology and 
Metabolism, Medical University of Vienna, 2Dept. of Surgery, Medical 
University of Vienna, Austria.

Background and aims: Insulin resistance in visceral obesity is substantially 
driven by adipose tissue inflammation, in particular macrophages accumu-
lating in obese adipose tissue. On the other hand, adipose tissue macrophages 
express the hemoglobin scavenger receptor (CD163) and heme oxygenase-1 
(gene: HMOX1) that together protect from oxidative stress. Aim of this study 
was to evaluate the expression of CD163 and HMOX1 in intra-abdominal vis-
ceral (omental) and subcutaneous adipose tissue as well as circulating soluble 
CD163 concentrations in human obesity and its association with adipose tis-
sue inflammation, body fat distribution, and insulin resistance.
Materials and methods: CD163, HMOX1 and CD68 mRNA expression in 
visceral and subcutaneous adipose tissue, serum concentration of soluble 
CD163 in morbidly obese patients (BMI>40 kg/m2) who underwent laparo-
scopic surgery for gastric banding (n=20), matched for age and sex to lean 
control subjects (BMI<30 kg/m2; n=20) was analyzed.

Results: CD163 expression was highly upregulated in human adipose tis-
sue and soluble CD163 serum concentration was elevated in obese vs. lean 
subjects. HMOX1 was upregulated in adipose tissue by obesity as well and 
expressed predominantly in macrophages. While CD163 expression strictly 
correlated with macrophage abundance, HMOX1 was additionally upregu-
lated within macrophages, and this upregulation was significantly lower in 
visceral compared to subcutaneous adipose tissue. Strikingly, relative visceral 
adipose tissue expression of HMOX1 negatively correlated with waist to hip 
ratio and HOMA-IR (both p=0.024).
Conclusion: Our data suggest visceral obesity to promote insulin resistance 
by defective upregulation of heme oxygenase-1 in visceral adipose tissue 
thereby abrogating its anti-oxidative and anti-inflammatory action.
Supported by: FWF (P18776-B11), ÖNB (12735), and European Community’s 
7th Framework Programme (FP7/2007-2013 no.201608; all to T.M.S)

669
Gene expression of glucagon-like peptide 1 receptor in visceral and 
subcutaneous adipose tissue. Decreased expression in obesity
A. Megia1, E. Caubet2, S. Näf1, E. Solano1, M. Alcaide1, F. Tinahones3,  
M. Miranda1, V. Vicente1, J.M. Fernandez-Real4, J. Vendrell1; 
1University HospitalJoan XXIII. CIBERDEM, Tarragona, 2Hospital Sant Pau 
i Santa Tecla, Tarragona, 3Clinic Hopital. CIBEROBN, Malaga, 4University 
Hospital Josep Trueta. CIBEROBN, Girona, Spain.

Background and aims: It has been observed a dual effect of Glucagon-like 
peptide 1 (GLP1) in human adipocytes stimulating lipogenesis and lipolysis. 
These effects are exerted through a GLP1 specific receptor (GLP1R). It has 
been observed a reduced lipogenic action of GLP1 in subcutaneous adipose 
tissue (SAT) from morbidly obese patients compared with normal weight. 
A down regulation in the expression of GLP1R in adipose tissue of obese 
patients could be the mechanism implicated in this modulation. The aim of 
the study was to test the hypothesis that GLP-1R gene expression levels in 
adipose tissue may be affected by the presence of obesity.
Materials and methods: SAT and Visceral adipose tissue (VAT) was ob-
tained from 61 non-diabetic subjects (aged 55,90±14,61 years; 37 men and 24 
women) who underwent an elective abdominal surgery. There were 19 lean, 
27 overweight, and 15 non-severely obese subjects. Anthropometrics, bio-
chemical and metabolic parameters including glucose, lipidic profile, HbA1c 
and high-sensitivity C-reactive protein (hsCRP) were recorded or quantified 
by routine biochemical techniques. Gene expression of GLP1R and a profile 
of enzymes and adipokines involved in adipogenesis and inflammation were 
measured by Real-time quantitative PCR on a 7900HT Fast Real-Time PCR 
System using commercial Taqman Assays.
Results: In VAT: Lean patients showed significantly higher GLP1R expres-
sion levels compared with overweight and obese patients (p<0,05) and a 
negative correlation was observed between GLP1R expression and BMI (r= 
 -0.273; p<0,05). GLP1R was negatively correlated with the lipogenic enzyme 
Acetyl-CoA-sythetase (ACoAS) (r: -0,349; p=0,006) and Visfatin (r: -0.350; 
p=0,006) gene expression. A positive correlation was observed with serum 
triglycerids levels (r:0,266; p=0,045). To select which of the variables explain 
better GLP1R expression levels a stepwise linear regression model was devel-
oped including sex, BMI, triglycerids, ACoAS and visfatin as independent 
variables. ACoAS (B: -0.519; p<0.0001) and Visfatin (B: -0.414; p<0.0001) 
were the unique variables included in the model. In SAT: No differences were 
observed in GLP1R mRNA expression according to the degree of obesity. 
However, a negative correlation was observed with abdominal circumference 
(AC) (r: -0,462; p=0.000) and HOMA index (r: -0,340; p=0.021). Likewise, a 
negative correlation was observed with GLUT1 expression levels (r:-0.376; 
p=0,003) and a positive one with Omentin (0,309; p=0,015) and Retinoid or-
phan receptor (ROR) expression levels (0,356; p=0,015). In order to strength-
en the independence of these associations in SAT, a stepwise linear regression 
analysis was developed including sex, HOMA index, AC, GLUT1, Omentin 
and ROR expression levels. AC was the only parameter independently associ-
ated with GLP1R expression in SAT (B: -0.015; p=0,003).
Conclusion: GLP1R gene is expressed both in SAT and VAT depots and 
seems to be down regulated in obesity. Expression in SAT seems to be in-
versely determined by parameters of visceral fat content. In VAT, expression 
of GLP1R is inversely associated with gene expression of the insulin-mimetic 
adipokine, Visfatin and possibly with a decrease in fatty acid synthesis.
Supported by: MSD, FIS 08/1195, CIBERDEM de Diabetes y Enfermedades 
Metabolicas asociadas (CB 07/08/0012)
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670
Neck fat area is strongly associated with insulin resistance
C. Thamer1, J. Machann2, H. Staiger1, N. Stefan1, F. Schick2, A. Fritsche1, 
H.-U. Haring1; 
1Medical Clinic IV, 2Section on Experimental Radiology, Department of 
Diagnostic Radiology, University of Tuebingen, Germany.

Background and aims: Obesity is known to be strongly associated with in-
sulin sensitivity (IS) and type 2 diabetes. The distribution of the deposited fat 
harbors unique information about the individual metabolic impact of obes-
ity. Subcutaneous abdominal adipose tissue (SCAT), visceral adipose tissue 
(VAT) and fat in the neck area (NF) have previously been described to be 
metabolically relevant fat depots of the upper body. Whole body magnetic 
resonance imaging (MRI) offers a unique approach to quantify these different 
fat depots in lager cohorts. The present analysis was designed to study i) the 
impact of the three afore mentioned fat depots of the upper body on insulin 
sensitivity in a cross sectional design and ii) changes in these fat depots and 
their effect on changes in IS during lifestyle intervention (LI).
Materials and methods: A total of 187 subjects at an increased risk for type 2 
diabetes were included in the cross-sectional study. Follow-up data after par-
ticipation in the LI program were available in 174 subjects. Body fat depots 
were quantified in single reference slices at the umbical level (SCAT, VAT) 
and at the level of the shoulder joint (NF) using whole body magnetic reso-
nance imaging.
Results: Cross-sectionally SCAT, VAT and NF were all negatively associ-
ated with IS (all p<0.0001). In multivariate linear regression analyses, insulin 
sensitivity adjusted for gender and age was significantly associated with NF 
(p<0.01) and VAT (p<0.001) but not with SCAT (p=0.97). The change in IS 
during LI adjusted for gender, age and, all fat depots at baseline was associ-
ated with change in NF (p<0.01) but not with change in SCAT (p=0.3) or 
VAT (p=0.3).
Conclusion: We conclude that NF represents a subcutaneous fat depot of 
particular importance for whole body IS, both cross sectionally and during 
LI. Further studies are needed to clarify the metabolic properties of NF.
Supported by: DFG, KFO 114
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Diabetes mellitus type 2 is associated with a redistribution of fat mass in 
postmenopausal women
D.J. Hadjidakis1, A. Mylonakis1, I.I. Androulakis1, M. Peppa1, A.E. Raptis1, 
A. Papaefstathiou1, E. Garoflos1, C. Koliaki1, T. Economopoulos1,  
S.A. Raptis1,2; 
1Endocrine Unit, 2nd Department of Internal Medicine, Research Institute 
and Diabetes Centre, «Attikon» University Hospital, Athens University, 
2Hellenic National Diabetes Centre, Athens, Greece.

Background and aims: Diabetes mellitus type 2 is characterized by impaired 
glucose metabolism mainly due to obesity and insulin resistance. The aim of 
the study was to investigate any alterations caused by diabetes mellitus type 2 
either in the distribution of fat mass in the whole body or in the correlation 
between whole body fat mass and the whole body bone mineral density.
Materials and methods: Eighty-six diabetic and 96 healthy postmenopausal 
women, matched for age and BMI, were studied [age 60.1±.4.7 and 59.5±4.4 
yrs (mean±1SD), BMI 32.1±4.2 and 31.7±3.8 kg/m2 respectively, HbA1c 
7.9±1.1% for the diabetic women]. None of the women had ever received 
either any medication known to affect bone metabolism (except from sulpho-
nylureas when appropriate) or insulin treatment. The estimations of either the 
distribution of fat mass in the extremities and the abdomen or the WBMD 
were performed by dual-energy X-ray absorptiometry (DXA). They included 
the average proportions of fat mass (PF, %) in the upper and lower extremities 
(ARMPF and LEGPF), the average PF of the four extremities (EXTPF), the 
PF in the abdomen (ABPF),as well as the whole body PF (WBPF) and whole 
body BMD (WBBMD).
Results: No significant differences were observed between the groups regard-
ing age, WBBMD and WBPF. The diabetic women exhibited significantly 
higher ARMPF (p<0.005) and significantly lower LEGPF (p<0.01), while 
the EXTPFs and WBPF did not differ significantly between the groups. The 
ABPF was significantly higher in the diabetic women (p<0.05). No significant 
correlation was observed between WBBMD and any PF. In both groups the 
correlation of BMI to LEGPF was not significant (r=0.23 and 0.14, NS), in 
contrast to its correlations with any other PF. The ABPF was stronger cor-
related to ARMPF [r=0.73 in diabetic and 0.71 in healthy women (p<0.001)] 

than LEGPF [r=0.43 and 0.31(p<0.05), respectively). Age was significantly 
correlated to all PFs only in the healthy group.
Conclusion: Diabetes mellitus type 2 seems to be accompanied by a redistri-
bution of fat mass which is shifted from the lower extremities to the upper 
ones and to the abdomen. Whole body bone mineral density does not seem 
to be affected by the diabetic status. In both diabetic and obese non-diabetic 
postmenopausal women bone mineral density does not seem to significantly 
correlate to the proportion of fat mass in total body mass.

672
Low relative skeletal muscle mass is independently associated with 
insulin resistance in Korean diabetic patients 
Y. Choi1, S. Choi2, S. Park3, D. Kim4, C. Kim5, S.-H. Jee6, E.-J. Lee6, S. Lee1,  
B. Huh1, K. Huh1; 
1Huh’s Diabetes Center, Seoul, 2Seoul National University Bundang Hospital, 
Sungnam, 3Pochon Cha University, Sungnam, 4Aju University, Suwon, 
5Hallym University, Anyang, 6Yonsei University, Seoul, Republic of Korea.

Low relative skeletal muscle mass (sarcopenia) is associated with an increased 
risk of adverse health outcomes. Insulin resistance could be involved in age-
related muscle protein loss, progressively leading to sarcopenia. Only few 
studies has examined the association between skeletal muscle mass and in-
sulin resistance in diabetic patients. In this study, we investigated whether 
skeletal muscle mass was associated with insulin resistance in type 2 diabetic 
subjects. We enrolled 3034 patients (mean age 57±10 yr, men 50%) with type 
2 diabetes, who visited our Diabetes Center from 2004 to 2008. The skel-
etal muscle mass was estimated from bioimpedance analysis measurements 
and expressed as skeletal muscle mass index (SMI = skeletal muscle mass/
body mass x 100). Insulin resistance was directly assessed by short insulin 
tolerance test as a rate constant for plasma glucose disappearance (kitt, %/
min) after intravenous injection of regular insulin (0.1U/kg). The SMI was 
negatively correlated with total cholesterol (r=-0.084, p<0.01), triglyceride 
(-r=0.089, p<0.01), systolic blood pressure (r=-0.063, p<0.05) and diastolic 
blood pressure (r=-0.108, p<0.001), and positively correlated with HDL-cho-
lesterol (r=0.074, p<0.01) and kitt (r=0.100, p<0.001). In multiple regression 
model, the SMI was independently associated with kitt after adjusting for age, 
glucose, triglyceride, HDL cholesterol, systolic blood pressure and fat mass in 
both sexes (men: β=0.083, p<0.01, women: β=0.050, p<0.05). The odds ratio 
for severe insulin resistance (those with lowest quartile of kitt ) was 1.41 (95% 
CI: 1.03, 1.91) in men and 1.50 (95% CI: 1.04, 2.17) in women with lowest 
quartile of the SMI compared with men and women with highest quartile 
of the SMI.
In conclusion, the low relative skeletal mass indicative of sarcopenia is as-
sociated with insulin resistance in type 2 diabetes. Interventions leading to 
skeletal muscle hypertrophy such as resistance training and/or amino acid 
supplementation may need to be tested in diabetic patients with severe in-
sulin resistance.

673
Body composition in type 1 and type 2 diabetes patients with similar 
body mass index
R. Lichiardopol, A. Florentiu, C. Pencea, R. Nafornita, A. Nicoara; 
Clinic of Diabetes, Nutrition and Metabolic Diseases, “N.C. Paulescu” 
Institute, Bucharest, Romania.

Background and aims: Increased body fat is associated with type 2 diabetes 
while this association with type 1 diabetes is weak or nonsignificant. The ob-
jective of this study was to evaluate differences regarding body composition 
and fat distribution in type 1 and type 2 diabetic people with similar body 
weight.
Materials and methods: Anthropometric and body composition measure-
ments [body fat mass (BFM), percent body fat (PBF), estimated visceral fat 
area (eVFA) and skeletal muscle mass (SMM)] were performed using a mul-
tifrequency bioelectric impedance analyzer (InBody 720) in diabetic patients 
with BMI<25 Kg/m2 (Group A: 30 type 1 and 36 type 2 diabetes patients) or 
BMI>25 Kg/m2 (Group B: 35 type 1 and 72 type 2 diabetes patients).
Results: In both groups, type 2 diabetes patients had significantly greater 
mean (SD) values for age [Group A: 65.5 (9.1) vs 45.6 (12.4) years; p<0.0001, 
Group B:59.0 (11.9) vs 40.4 (15.1) years; p< 0.0001] and eVFA [Group A: 
114.0 (17.3) vs 84.0 (21.0) cm2 ; p<0.0001, Group B: 145.6 (24.4) vs 114.9 
(28.9) cm2 ; p<0.0001]. No significant differences in BMI, waist circumfer-
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ence (WC), BFM, PBF and SMM, between groups, were observed. In a larger 
group of T2DM patients,in simple linear regression analysis, BFM (r=-0.283; 
n=172; p<0.0002), SMM (r=-0.458; n=172; p<0.0001) and WC (r=-0.332; 
n=146; p<0.0001) were inversely correlated with age, while in T1DM patients 
WC (r= 0.656; n=51; p<0.0001) and eVFA (r= 0.520; n=62; p<0.0001) were 
directly correlated with age. We calculated the eVFA/BFM ratio to estimate 
the relationship between eVFA and BFM with increasing weight. As expect-
ed, the ratio eVFA/BFM decreased with increasing weight both in T1DM 
and T2DM patients, but remained comparatively greater, inside every group 
[Group A: 7.5 (2.8) vs 5.8 (2.1) cm2/Kg; p<0.007, Group B: 5.6 (0.9) vs 4.5 
(1.0) cm2/Kg; p<0.0001] in T2DM patients. In 30 from 88 T2DM (34%) but 
only in one from 32 (3.1%; p<0.001) T1DM patients abdominal ultrasound 
examination disclosed liver steatosis. In logistic regression analysis, liver st-
eatosis was significantly correlated to BFM and eVFA.
Conclusion: Our data suggest that, at similar levels of body fatness, T2DM 
(as compared to T1DM) patients have a different body composition with sig-
nificantly more ectopic fat accumulation in visceral area and liver steatosis.

PS 50 Brain / CNS and metabolism
674
Insulin promotes fatty acid storage in white adipose tissue by a CNS-
mediated and CD36-dependent mechanism
B. Guigas1, C.P. Coomans2, J.J. Geerling2, A.M. van den Hoek3,  
E.T. Parlevliet2, D.M. Ouwens1, H. Pijl2, P.J. Voshol2, P.C.N. Rensen2,  
L.M. Havekes3, J.A. Romijn2; 
1Dept. of Molecular Cell Biology, Leiden University Medical Center, 2Dept. 
of Endocrinology and Metabolic Diseases, Leiden University Medical 
Center, 3Gaubius Laboratory, TNO-Biosciences, Leiden, Netherlands.

Background and aims: Central insulin administration has been shown to in-
crease mass and cell size of white adipose tissue (WAT). The aim of this study 
was to determine to what extent the effects of insulin on fatty acid (FA) me-
tabolism in WAT are mediated through the central nervous system (CNS).
Materials and methods: The effects of central (intracerebroventricular ad-
ministration) or peripheral (during hyperinsulinemic-euglycemic clamp) 
insulin on tissue-specific partitioning of plasma triglycerides (TG) and FA 
were assessed in male C57Bl/6 mice using continuous i.v. infusion of glycerol 
tri[3H]oleate-labeled VLDL-like particles and albumin-bound [14C]oleate as 
tracers.
Results: Intracerebroventricular (i.c.v.) administration of insulin does not 
affect plasma parameters (insulin, glucose, FA and TG) but selectively in-
creased the retention of both TG-derived FA (+69%; p<0.05) and albumin-
bound FA (+86%; p<0.05) in WAT. This effect is abolished in diet-induced 
insulin resistant mice and is also completely blocked by co-administration of 
the KATP channels inhibitor tolbutamide, indicating the involvement of cen-
tral insulin signaling pathway(s). In addition, the i.c.v.-induced retention of 
FA in WAT was totally abrogated in CD36-/- mice, demonstrating that the 
long chain FA transporter CD36 plays a crucial role in this effect. In order to 
investigate its physiological relevance, we next studied to what extent insulin 
signaling in the CNS is involved in the tissue-specific partitioning of plasma 
TG and FA induced by circulating insulin. Very interestingly, the rise in pe-
ripheral insulin level during hyperinsulinemic-euglycemic clamp increased 
retention of both TG-derived FA (+72%; p<0.01) and albumin-bound FA 
(+265%; p<0.01) in WAT, an effect which is abrogated by concomitant i.c.v. 
administration of tolbutamide.
Conclusion: Insulin promotes FA retention in WAT by a CD36-dependent 
mechanism involving activation of KATP channels in the brain. These findings 
highlight a paradigm where circulating hormones can act directly on target 
tissues as well as indirectly through the CNS.
Supported by: Diabetes Fonds
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Insulin in the brain promotes locomotor activity in lean
A.M. Hennige1, T. Sartorius1, O. Tschritter1, A. Fritsche1, H. Preissl2,  
P. Ruth3, H.-U. Häring1; 
1Internal Medicine IV, 2Institute of Medical Psychology and Behavioural 
Neurobiology, 3Department of Pharmacology and Toxicology, University of 
Tuebingen, Germany.

Background and aims: The insulin signaling pathway coordinates multiple 
cellular responses in the periphery and the brain, and when insulin action 
fails a diabetic phenotype occurs. In the presence of cerebral insulin resist-
ance, neuronal activity is diminished and followed by alterations in glucose 
and energy homeostasis, however, the impact of insulin in the brain with re-
gard to behavioural aspects like locomotion is unknown.
Materials and methods: To address insulin action in the brain with regard 
to cortical activity in and its behavioural consequences, the insulin signaling 
pathway was followed from the receptor up to electrical activity, and loco-
motion. Western Blot analysis, electrocorticogram recordings with intracer-
ebroventicular (icv) application of insulin, and measurements of locomotor 
activity were performed in lean and obese mice and correlated to magnetoen-
cephalography measurements in humans.
Results: Here, we show that insulin application icv into mice was accom-
panied by a profound increase in locomotor activity, whereas a PI 3-kinase 
inhibitor or adiposity-related factors abolished insulin-induced locomotion. 
In diet-induced obesity, insulin delivery to the brain was not able to enhance 
both, cerebrocortical activity and locomotion. A potential candidate that 
links insulin signaling to locomotion is the insulin-sensitive potassium chan-
nel Kv1.3. In accordance with this concept, selective pharmacological inhibi-
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tion of Kv1.3 channels promoted locomotor activity in lean and obese mice. 
In addition, human subjects carrying a single-nucleotide polymorphism in 
the promoter region of the Kv1.3 gene displayed significantly impaired aero-
bic capacity, and the insulin-mediated desire to move was tightly correlated 
with spontaneous cortical activity in human subjects that underwent a hyper-
insulinemic-euglycemic clamp.
Conclusion: Thus, our data provide functional evidence for a direct effect of 
insulin on brain activation patterns associated with locomotor activity and 
show that adequate insulin action in the brain is the basis for the maintenance 
of locomotion, while in obese, insulin-mediated locomotor activity is blunted 
and further aggravates physical inactivity.
Supported by: Deutsche Forschungsgemeinschaft

676
IL-6 links exercise to hypothalamic insulin and leptin sensitivity through 
IKKβ and ER stress in DIO rats
E.R. Ropelle, M.B. Flores, D.E. Cintra, J.R. Pauli, G.Z. Rocha, J. Morari,  
C.T. Souza, J.C. Moraes, L.A. Velloso, M.J.A. Saad, J.B.C. Carvalheira; 
Internal medicine, UNICAMP, Campinas, Brazil.

Background and aims: Recent studies provide an intriguing link between 
metabolic inflammation and dysfunction of the hypothalamic insulin and 
leptin signaling through activation of IKKβ and endoplasmatic reticulum 
(ER) stress. It has been proposed that physical exercise improves insulin and 
leptin signaling in the hypothalamus and induced appetite suppressive ac-
tions, but the mechanism by which exercise increases the insulin and leptin 
response in obese rats remains uncertain. Here we investigated the central 
role of interleukin-6 (IL-6) on hypothalamic IKKβ activation and ER stress in 
diet-induced obese (DIO) rats after physical exercise.
Materials and methods: Immunohistochemistry, Western blot, RT-PCR and 
ELISA assays were combined to evaluate the effects of acute swimming exer-
cise in the hypothalamus of DIO rats and C3H/Hej mice.
Results: High-fat diet atypically activated the hypothalamic IKKβ and ER 
stress and induced central insulin and leptin resistance and orexigenic re-
sponse in rats. A single bout of exercise was sufficient to reduce IKKβ phos-
phorylation and ER stress, restored central insulin and leptin sensitivity and 
reduced food intake in DIO rats. Interestingly, the pretreatment with intrac-
erebroventricular (icv) infusion of IL-6 antibody blocked these effects of ex-
ercise. The icv infusion of recombinant IL-6 reduced IKKβ phosphorylation 
and ER stress and restored central insulin and leptin signaling in DIO rats at 
rest. In addition, exercise and the icv infusion of recombinant IL-6 reduced 
ER stress induced by icv infusion of Tapsigargin in lean animals. However, in 
contrast to control mice, in IL-6-deficient mice (C3H/Hej) injected with icv 
Tapsigargin, exercise failed to reduced ER stress.
Conclusion: Our results show that exercise reduced the aberrant IKKβ ac-
tivation and ER stress in the hypothalamus and prevented hyperphagic re-
sponse in an IL-6 dependent-manner in rodents. Hence, IL-6 is an important 
physiological contributor to the central insulin and leptin action mediated by 
exercise, linking it to hypothalamic ER stress and inflammation.
Supported by: FAPESP

677
Changes in cerebrospinal fluid insulin during non-neurological surgery
S. Bromander1, R. Anckarsäter2, B. Ahrén3, M. Kristiansson1,  
L. Träskman-Bendz4, E. Wennberg5, K. Blennow6, H. Anckarsäter6,  
H. Zetterberg6, C. Wass6; 
1Department of Forensic Psychiatry, Karolinska Institutet, Huddinge, 
2Department of Anaesthesiology and Intensive Care, Kungälv Hospital, 
3Faculty of Medicine, Lund University, Lund, 4Department of Psychiatry, 
Lund University, Lund, 5Department of Anaesthesiology and Intensive 
care, Kungälv Hospital, 6Department of Psychiatry and Neurochemistry, 
Göteborg University, Sweden.

Background and aims: Recently, insulin has been found to play an important 
role in central nervous system (CNS) signalling, and is thought to influence 
cognition, the regulation of body weight and other metabolic parameters. The 
CNS is dependent on an active uptake of insulin over the blood-brain barrier 
(BBB) as no insulin seems to be synthesized de novo in the CNS. However, 
very few studies regarding the different factors affecting insulin uptake in the 
CNS have been published, especially in humans. In this study, the Surgical 
Stress Study, the aim was to study how the levels of different substances and 

their metabolites in cerebrospinal fluid (CSF) were affected by major stress in 
the form of non-neurological surgery.
Materials and methods: Thirty-five patients undergoing non-neurological 
major surgery (knee arthroplastics) had serum and CSF samples drawn be-
fore, three hours after and on the morning after surgery (point A, B and C). 
Serum and CSF samples were analyzed for concentrations of insulin and al-
bumin. Statistical calculations were performed in order to assess correlations 
between the different outcome measures at the three different points, and 
with body mass index (BMI).
Results: The CSF insulin concentration was compared with the serum con-
centration as well as with albumin and other CSF proteins. Preliminary re-
sults demonstrate that the concentrations of insulin in CSF and serum were 
strongly correlated at all three points. The changes in CSF insulin were con-
siderably smaller than the changes in serum insulin at all time points. The 
albumin levels in CSF and serum and the CSF/ serum albumin ratios showed 
no correlation with CSF insulin before surgery, but a strong correlation was 
seen between CSF albumin and insulin at both points after the operation. 
BMI was negatively correlated with the CSF/serum insulin quota before and 
directly after surgery.
Conclusion: In this study, we replicated in humans animal findings showing 
that serum and CSF insulin levels are correlated and that the changes in CSF 
insulin mirror those in serum insulin under stress, although at a much low-
er absolute level. It seems like the central nervous system is protected from 
strong fluctuations in peripheral insulin levels. CSF insulin levels decreased 
(though not significantly) during the operation, but increased again, although 
not to the level at point A, after the following night. An interesting observa-
tion is that CSF insulin and albumin are correlated during the operation. This 
could be a sign of BBB permeability being influenced by the operative stress, 
so that at least a subgroup of subjects experience a drastic decrease in perme-
ability and transport of both proteins. A high BMI impaired the transport 
of insulin into the CNS. The effect of insulin in the CNS is opposite that of 
peripheral insulin, decreasing food intake and promoting weight loss, so this 
could indicate a possible mechanism by which stress promotes obesity.
Supported by: SMRC, FAS, VG region, SVLS, GLS

678
Human primary astrocytes represent a novel insulin-responsive cell type
M. Heni, H. Staiger, M. Guthoff, A.M. Hennige, H.-U. Häring; 
Department of Internal Medicine IV, Tübingen, Germany.

Background and aims: After systemic or intranasal application of insulin, 
we recently showed modulation of the activity of very specific brain regions 
using MEG and fMRI techniques.
Since insulin receptors are thought to be nearly ubiquitously expressed 
throughout the brain, insulin’s effects on specific regions may be mediated 
by additional processes. One hypothesis that could explain this observation 
is a modulation of neuronal activity by other insulin-sensitive cell types. Due 
to the fact that astrocytes constitute the predominant cell type in the brain 
and can influence neurons in several ways, they are therefore potential can-
didates. Astrocytes can (i) store glycogen and supply neurons with lactate as 
energy source; (ii) take up and release neurotransmitters, and (iii) form the 
blood-brain barrier in cooperation with endothelial cells and pericytes. In 
this study, we asked whether primary human astrocytes are insulin-respon-
sive at the molecular level.
Materials and methods: Commercially available Normal Human Astrocytes 
(Lonza) were grown in the recommended media. Before each experiment, 
they were starved in media containing 0.5 % FCS for 48h. After insulin stimu-
lation, cells were lysed and the protein content of the lysates was determined 
using the Bradford method. Proteins were separated by SDS-PAGE. Major 
players in the insulin signaling pathway were detected by Western blotting 
using specific antibodies. Protein phosphorylation levels were investigated 
with phospho-specific antibodies. Glucose uptake was determined using 3H-
Deoxy-D-Glucose. Lactate levels were measured enzymatically.
Results: We could demonstrate relevant expression of key proteins of the 
insulin signal cascade, such as insulin receptor β-subunit, insulin receptor 
substrat-1, Akt / protein kinase B and glycogen synthase kinase 3, in Normal 
Human Astrocytes. After stimulation with increasing concentrations of insu-
lin (0 - 50 nM) for 15 minutes, activating phosphorylation of these proteins 
was detected. We could neither detect significantly increased glucose uptake 
after insulin treatment for 15 minutes (0-100 nM) nor lactate secretion after 
insulin stimulation for 6-8 hours (0-100 nM).
Conclusion: This study demonstrated the expression of key signaling mol-
ecules of insulin signal transduction in primary human astrocytes. Detection 
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of phosphorylation proved the functional activity of this signaling pathway. 
Nevertheless, we could not detect the ultimate endpoint of insulin signaling 
in astrocytes, yet. While insulin increases glucose uptake in many cell, it does 
not so in commercially available Normal Human Astrocytes. Another im-
portant function of astrocytes, the secretion of lactate, is also unchanged by 
insulin in these cells. Thus, astrocytes are a candidate insulin-responsive cell 
type for the modulation of neuronal activity after insulin stimulation, but the 
interaction pathway is still unknown.

679
Feeding modulates human brain responses to food cues
Y. Nathan1, S. Lee2, S. Brookes3, P. Choudhary1, M. Brammer2, L. Reed2,  
S.A. Amiel1, F. Zelaya2; 
1King’s College Hospital, 2Institute of Psychiatry, 3Institute of Psychiatry, 
London, United Kingdom.

Background and aims: The central responses to food ingestion are impor-
tant in maintaining normal energy balance and dysregulation may result in 
overeating , leading to obesity and Type 2 diabetes. We studied modulation by 
food ingestion of regional brain activation at rest and in response to food cues 
in health using functional Magnetic Resonance Imaging (fMRI).
Materials and methods: Ten healthy volunteers were studied using fMRI 
(1.5T MRI scanner) in a random order after an eight hour fast or a 400Kcal 
mixed meal. Changes in regional brain perfusion were measured during rest 
using continous arterial spin labelling imaging ( CASL) and during food and 
non food imaging viewing in a block design paradigm using blood oxygen 
level dependant ( BOLD) imaging. Time series were extracted from brain 
regions which showed statistically significant differences between food and 
non food, fed and fasted conditions .Satiety responses were recorded using 
a visual analogue scale. Analysis for the BOLD data was made using XBAM, 
and for CASL using SPM-5 FIL London.
Results: Food ingestion increased satiety scores ( p<0.0001), while hunger 
and desire to eat scored more highly in the fasted state(p<0.001 p<0.0004) 
Preliminary analysis of CASL analysis showed increase perfusion in the 
fed state in thalamus (sensory relay betweeen subthalamic areas andsesory 
cortex), hypothalamus (energy sensing) , precuneus ( responsible for self 
processing), cerebellum, gustatory cortex and the visual and auditory corti-
ces. We also observed significant reduction in perfusion in the orbito-frontal 
cortex. Food ingestion enhanced BOLD responses to food image viewing in 
dorsolateral prefrontal cortex, insula, anterior cingulate, while responses in 
visual cortex were not different between food and non food images in either 
the fed or fasted state.
Conclusion: Food ingestion alters neuronal activation at rest and in response 
to furtherfood cues in classicalcue response network and brain regions known 
known to be involved in appetite control and satiety sensing.The modulation 
of cerebral perfusion and food cue-induced response by feeding provides a 
measure of the normal response to feedingwhich may be exploited in the 
study of groups at risk of overeating, obesity and Type 2 diabetes and possible 
treatments that work through modulating appetite and food ingestion.
Supported by: Wellcome Foundation

680
Evidence of a regulation in peripheral glucose metabolism by central 
nervous system in humans: from Parkinson to diabetes
M. Batisse1, C. Guillet1, I. Rieu2, F. Durif2, Y. Boirie1; 
1Human Nutrition Unit, University Hospital, 2Neurology, University 
Hospital, Clermont Ferrand, France.

Background and aims: Recent animal studies have demonstrated an impor-
tant link between central sensing of substrates and endogenous glucose pro-
duction, suggesting that specific neurons in the hypothalamus and second 
order neurons might control peripheral glucose metabolism. Subthalamic 
nucleus-deep brain stimulation (STN-DBS) is an alternative treatment for 
patients with uncontrolled symptoms of Parkinson disease. As subthalamic 
nucleus are located close to hypothalamus, we hypothesized that DBS may 
induce changes in the hypothalamus activity and modify hepatic glucose pro-
duction in humans.
Materials and methods: To this aim, endogenous glucose production (EGP) 
was measured during 5h infusion of D-[6,6-2H2]-Glucose in 8 STN-DBS 
treated patients after DBS interruption (Stim OFF) and under DBS (Stim 
ON) conditions. EGP was then compared to EPG of matched healthy subjects 
(control group) as well as plasma insulin, glucagon and free fatty acids.

Results: In Stim OFF conditions, EGP was higher in patients than in the 
control group (2.62 ± 0.09 vs 2,27 ± 0.10 mg/kg/min, p<0.01). Despite no 
significant change in plasma glucose (p=NS), a significant and consistent de-
crease of EGP was observed in the patients between Stim OFF and Stim ON 
(2.04± 0.07 mg/kg.min, P<0.05), and there was no more difference between 
control group EPG (2.09 ± 0.03 mg/kg.min) and Parkinson patients in Stim 
ON (p=NS). No difference in insulin, glucagon or FFA levels was observed 
between the patients in Stim OFF and Stim ON and with the control group.
Conclusion: These results demonstrate for the first time an effect of deep 
brain stimulation on endogenous glucose production and suggest a role of 
central nervous system on peripheral glucose regulation in human. In ad-
dition, these data indicate that non-diabetic patients with Parkinson disease 
may have impaired glucose metabolism likely secondary to dysfunction of 
autonomous nervous system.

681
Alfa linolenic (w-3) and oleic (w-9) fatty acids revert inflammation and 
apoptosis in the hypothalamus of diet-induced obese rats
D.E. Cintra, E.R. Ropelle, J.R. Pauli, J.C. Moraes, C.T. De Souza,  
M.J.A. Saad, M. Milanski, L.A. Veloso; 
Department of Clinic Medicine, State University of Campinas, Brazil.

Background and aims: In obesity, the adequate hypothalamic function is 
disrupted by local inflammation and apoptosis of neurons involved in the 
control of feeding and thermogenesis. Recent studies have revealed that long-
chain saturated fatty acids present in western diets are involved in the induc-
tion of the pro-inflammatory and apoptotic response. Here, we evaluate the 
properties of w-3 and w-9 fatty acids as candidate protective factors against 
diet-induced inflammation and apoptosis of the hypothalamus.
Materials and methods: Obese and diabetic male Wistar rats were separated 
into three groups and submitted to stereotaxic implantation of a cannula to 
receive either w-3, w-9 or BSA via icv administration into the 3rd ventricule, 
for 5 days. Feeding behavior was measured daily. Molecular, histological and 
biochemical parameters were analyzed at the end of the experimental period. 
The pro- and anti-inflammatory proteins IL6, IL10, TNFa, iNOS, and JNK; 
the insulin and leptin pathways proteins IR, IRS1/2, AKT, FOXO, JAK, and 
STAT; and the pro- and anti-apoptotic proteins BAX and Bcl were evaluated 
by Western Blot and RT-PCR. For the immunohistochemical (IH) analysis, 
the specific antibody F4/80 was utilized to detect activated microglia.
Results: Control group consumed 15±2 g/d diet as compared with w-3 and 
w-9 groups, which consumed 3±1 and 4±1 g/d, respectively. Blood glucose 
levels were lower in w-3 and w-9 groups (113 mg/dL±5 and 125 mg/dL±7 vs. 
198±3mg/dL, Control). The IH images of the hypothalamus showed a dis-
tinct reduction in the pro-inflammatory process mediated by macrophages in 
both FA groups, in comparison with Control. The molecular analysis revealed 
the potential activity of w-3 and w-9 to decrease pro-inflammatory proteins, 
as well as the pro-apoptotic protein. The most important proteins involved 
in the insulin and leptin pathways showed an increase in their activity on the 
hypothalamus. In both groups, w-3 and w-9, an important increase in IL-10 
and Bcl-2 expression was observed in the respective anti-inflammatory and 
anti-apoptotic responses.
Conclusion: In conclusion, w-3 and w-9 re-established the correct hypotha-
lamic signaling of te insulin and leptin. The hypothalamic cell survival was 
increased by w-3 and w-9, and all the effects together resulted in the control 
of the hyperphagic state, reducing the body weight and glycemic levels.
Supported by: FAPESP, CNPQ, CAPES

682
Combination of mitochondrial targeting nutrients for the management 
of brain failures associated with type 1 diabetes
T. Kuchmerovska, I. Shymanskyy, G. Donchenko, A. Klimenko; 
Coenzymes, O.V. Palladin Institute of Biochemistry, Kyiv, Ukraine.

Background and aims: The brain is known to be abnormally susceptible to 
oxidative damage from high ambient oxidant levels associated with diabetes. 
Much attention has been recently focused on the important role of mitochon-
dria in the interplay between energetic failure and oxidative stress within 
nerve cells. If such a mechanism is indeed relevant to the pathogenesis of 
diabetes-associated brain disorders, the agents that can both attenuate mi-
tochondrial dysfunction and directly or non-directly scavenge free radicals 
might prove to be efficacious. The study was performed to evaluate neuro-
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protective efficacy of a combined supplementation of mitochondria-specific 
antioxidants (acetyl-L-carnitine (ALC) and alpha-lipoic acid, ALA) and nico-
tinamide (NAm), as a multiple-action drug.
Materials and methods: All studies were carried out after 4 weeks of STZ-
induced diabetes (60 mg/kg of body weight, i.p.) in rats treated for 14 days 
with or without combination of ALC, ALA and NAm (respectively 100, 50 
and 100 mg/kg b.w., i.p.). Reactive oxygen species (ROS) were analysed us-
ing 2’,7’-dichlorodihydrofluorescein diacetate, converted to fluorescent 2’,7’-
dichlorofluorescein (DCF) upon oxidation. Mitochondrial membrane poten-
tial (ΔΨm) was assayed spectrofluorimetrically with rhodamine123 (Rh123). 
NAD+ and sorbitol levels were assayed enzymatically.
Results: Diabetes was shown to be associated with 23.0±1.7% elevation of 
Rh123 fluorescence under self-quenching conditions and decreased response 
to protonophore FCCP that is indicative of mitochondrial membrane de-
polarization. Research into brain energetic revealed that compared with the 
ATP and NAD+ contents in control, those in diabetic brain were respectively 
28.3±1.9 and 30.4±2.0% decreased, p<0.05. Combined treatment of diabetic 
rats with ALC, ALA and NAm countered loss of ΔΨm, restored NAD+ and 
partially reversed ATP towards control levels most likely due to normaliza-
tion of the efficiency of mitochondrial function. Dysfunctional mitochondria 
appear to account for increased formation of ROS, since DCF fluorescence 
level in diabetic mitochondria was 37.2±2.8% higher than in control, p<0.05. 
Combined therapy diminished the diabetes-associated DCF-sensitive mito-
chondrial ROS production by 29.3±2.0%, p<0.05. In keeping with cellular 
respiration defects and oxidative stress Na+,K+-ATPase activity was found to 
be reduced to 153±10 in diabetes vs. 249±15 nmol Pi/min per mg protein in 
control, p<0.05. The enzyme activity was significantly increased (by 19.5±1.2 
% vs. diabetes, p<0.05) after the treatment. Following administration of the 
drugs to diabetic rats, hyperglycaemia was reduced to 15.2±1.0 vs. 20.3±1.2 
mmol/l in diabetes and two-fold elevated brain sorbitol level was markedly 
normalized, p<0.05. It is also notably that the combination of therapies in this 
study can ameliorate brain lesions induced by diabetes more effectively than 
each nutrient alone as was previously shown.
Conclusion: The findings suggest that neuroprotective therapy in diabetes 
should proceed towards the simultaneous protections of nerve cells against 
impairments of mitochondrial energy transformations and enhanced endog-
enous oxidant burden by using combination of multiple naturally occurring 
compounds with various mechanisms of action. Beneficial effects of com-
bined supplement of ALC, ALA and NAm offer a non-toxic, well tolerated 
and rational option for diabetes-associated brain disorders.

683
Alterations of PED/PEA-15 gene at the interface of diabetes and 
Parkinson disease
G. Perruolo1, F. Fiory1, D. Viggiano2, A. Cassese1, A. Scorziello2,  
A.P.M. Barbagallo1, A. Sadile3, L. Annunziato2, F. Beguinot1, P. Formisano1; 
1IEOS-CNR, 2Division of Pharmacology Dept. of Neuroscience, Federico 
II, 3University of Naples and Dept of Experimental Medicine, Second 
University, Naples, Italy.

Background and aims: Recent studies show that an increased risk of neuro-
degenerative disorders including Parkinson’s disease (PD) is associated with 
type 2 diabetes. PD results from the loss of dopaminergic cells in the substan-
tia nigra. Studies in animal models have shown also that chronic hypergly-
cemia impairs striatal dopaminergic transmission. However the molecular 
mechanisms underlying the abnormal dopaminergic function in individu-
als with T2D are still unknown. PED/PEA-15 is a 15 kDa cytosolic protein 
overexpressed in peripheral tissues of T2D patients. Transgenic mice ubiq-
uitously overexpressing PED/PEA15 (PED-TG) feature insulin resistance 
and impaired pancreatic beta-cell function. Moreover, PED/PEA-15 is highly 
expressed in brain, in particular in the prefrontal cortex and substantia nigra. 
We have therefore investigated whether PED/PEA-15 may affect dopamin-
ergic function.
Materials and methods: Motor-behavioural, immuhistochemical and bio-
chemical studies were performed.
Results: Motor function in PED-TG mice was investigated by measuring 
the time to climb an inclined platform and the time to rotate 180 degrees 
after placed nose down on an incline (negative geotaxis). The experiments 
showed a two-fold increased time of climbing (P<0.02) and impaired nega-
tive geotaxis (P<0.05) of PED-TG, compared to their wild-type littermates. 
Moreover, grip strength testing, hanging wire test and pole test excluded sig-
nificant differences in muscular force. Footprint analysis excluded locomo-
tor ataxia, whereas the presence of air righting reflex excluded abnormali-

ties in vestibular functions. Learning rate for motor ability tasks, measured 
with four consecutive trials on a rotarod, and for spatial tasks, measured with 
Barnes Maze (ability to find and remember the shortest path to an exit on 
a round board) was also significantly slower (P<0.02). Moreover, PED-TG 
mice suspended by the tail present foot-clasping reflex; an aberrant behaviour 
linked to deranged dopaminergic function. No impairment of cerebral struc-
tures, including striatum size, was noticed by morphological examination. 
Nevertheless, tyrosine hydroxylase (TH) content was 60% lower in caudate-
putamen protein extracts from PED-TG compared to controls (P<0.02), as 
assessed by Western blot analysis. Immunostaining of brain slides from PED-
TG mice also revealed a reduced content of TH and of dopamine, compared 
to controls.
Overexpression of PED/PEA-15 in PC12 cells leads to 40% reduction of TH 
levels. In particular insulin increase TH expression in parental PC12, while 
not in those overexpressing PED/PEA-15.
Conclusion: Our data support the hypothesis that PED/PEA-15 overexpres-
sion in mice reduces dopamine levels inducing a Parkinson-like syndrome 
and modifies neuronal response to insulin.
Supported by: the European Community’s FP6 EUGENE 2 and the ministero 
dell’universita’e della ricerca scientifica
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PS 51 Linking exercise to metabolic 
effects
684
Subjects with early-onset type 2 diabetes show defective activation of the 
skeletal muscle PGC-1α/mitofusin-2 regulatory pathway in response to 
physical activity
H. Thabit1, M.I. Hernandez2, N. Burns1, S. Shah1, I. Brema1, M. Hatunic1,  
F. Finucane1, M. Liesa2, C. Chiellini2, D. Naon2, M. Palacin2, A. Zorzano2,  
J.J. Nolan1; 
1Metabolic Research Unit, Dublin, Ireland, 2Institute for Research in 
Biomedicine, Barcelona, Spain.

Background and aims: Type 2 diabetes is associated with insulin resistance 
and skeletal muscle mitochondrial dysfunction. Recent studies have indicated 
that subjects with early-onset type 2 diabetes show an incapacity to increase 
VO2max in response to chronic exercise. This suggests a defect in muscle 
mitochondrial response to exercise. Here, we have explored the nature of the 
mechanisms involved.
Material and methods: Muscle biopsies were collected from young type 2 
diabetes subjects and obese controls before and after acute or chronic exercise 
protocols and the expression of genes and/or proteins relevant to mitochon-
drial function was measured. In particular, the regulatory pathway PGC-1a/
mitofusin-2 (Mfn2) was analyzed.
Results: At baseline, subjects with diabetes showed reduced expression (by 
26%) of the mitochondrial fusion protein, Mfn2 and a 39% reduction of 
the a-subunit of ATP synthase. Porin expression was unchanged consistent 
with normal mitochondrial mass. Chronic exercise led to a 2.8-fold increase 
in Mfn2, as well as increases in porin, and the a-subunit of ATP synthase 
in muscle from control subjects. However, Mfn2 was unchanged following 
chronic exercise in those with diabetes while porin and a subunit of ATP 
synthase were increased. Acute exercise caused a 4-fold increase in PGC-1a 
expression in muscle from control subjects but not in those with diabetes.
Conclusion: Our results demonstrate alterations in the regulatory pathway 
that controls PGC-1a expression, and induction of Mfn2 in muscle from pa-
tients with early onset type 2 diabetes. Patients with early-onset type 2 dia-
betes display abnormalities in the exercise-dependent pathway that regulates 
the expression of PGC-1a and Mfn2.

685
The effects of suppression of endogenous insulin on hepatic and 
quadriceps glycogen stores after 60 min of submaximal exercise in 
healthy adult males
W.D. Strain1, K.L. Gilbert2, K.M. Macleod1, J. Fulford1, A.C. Shore1, 
K.A. Stokes2; 
1Peninsula Medical School, Exeter, 2School for Health, University of Bath, 
United Kingdom.

Background and aims: Hypoglycaemic episodes are more common and 
more severe within 24 hours of exercise in patients with type 1 diabetes. This 
may in part be due to depleted hepatic glycogen stores. Physiologically at least 
50% of insulin is subject to hepatic first-pass metabolism, exposing the liver 
to higher concentrations of insulin than the peripheral circulation. Manage-
ment of type 1 diabetes using peripherally administered insulin is associated 
with a relative hepatic hypoinsulinaemia. We aimed to explore whether rela-
tive hepatic hypoinsulinaemia is associated with impaired hepatic glycogen 
replenishment after exercise.
Materials and methods: Four men, aged 18-25, attended after an overnight 
fast and cycled for 60 min at 70% of their VO2 max, after which they under-
went a hyperinsulinaemic euglycaemic clamp (HEC) for 300 min, in order 
to suppress endogenous insulin secretion. Measures of liver and quadriceps 
glycogen stores were taken pre-exercise, 0-80 mins (early) post-exercise and 
220-300 min (late) post-exercise using 13C magnetic resonance spectroscopy 
(MRS - 40 minute protocol per tissue). The protocol was repeated after no less 
than 1 month without endogenous insulin suppression, by administration of 
glucose alone in the same quantities as received during the HEC.
Results: Exercise approximately halved the glycogen stores in the quadriceps 
in both the HEC and glucose alone studies (Proportion of baseline glycogen 
present ± SD = 0.54±0.16 and 0.44±0.36 respectively). There was no differ-
ence in the recovery of glycogen in the quadriceps in the late phase between 

the groups (Figure 1). In the early post exercise phase there was a trend to-
wards a difference in hepatic glycogen store in the two groups with lower 
values in the HEC group compared to the endogenous Insulin group (Pro-
portion of baseline ± SD = 0.81±0.2 and 2.0 ± 1.2 respectively). In the late 
post exercise phase (figure 1) hepatic glycogen stores remained depleted in 
those on the HEC whereas those treated with glucose alone had replenished 
their hepatic glycogen stores (p for difference = 0.02).
Conclusion: A HEC, simulating the effects of a deficiency in endogenous 
insulin replaced by peripherally administered insulin, in healthy males after 
60 min of exercise at 70% VO2 max impaired glycogen replenishment in the 
liver over at least 6 hours. If this is representative of patients with type 1 dia-
betes, it may account for the increased risk and severity of delayed hypogly-
caemia observed after exercise.

Supported by: The NIHR Clinical Research Facility

686
The effect of exercise on intrahepatocellular (IHCL) and intramyocellular 
lipids (IMCL)
A. Egger1, C. Boesch2, R. Kreis3, J.-M. Nuoffer4, I. Krull1, P. Diem1,  
C. Stettler1, E.R. Christ1; 
1Division of Endocrinology, Diabetes and Clinical Nutrition, Inselspital, 
Bern University Hospital, 2Department of Clinical Research, Bern 
University, 3Clinical Research, Department of Clinical Research, Bern 
University, 4Department of Clinical Chemistry, Bern University, Switzerland
.
Background and aims: Intramyocellular (IMCL) and intrahepatocellular 
lipids (IHCL) are both related to insulin sensitivity and thus of crucial im-
portance for the epidemic “metabolic syndrome”. While it is well known that 
IMCL are metabolically active and the concentration in skeletal muscle can 
be changed within several hours with diet and exercise, short-term variations 
of IHCL in liver tissue are much less recognized. 1H-MR spectroscopy allows 
to assess changes of IMCL and IHCL repeatedly. This study aims at short-
term variations of IMCL and in particular IHCL due to exercise.
Materials and methods: Nine healthy volunteers (age 35 +/- 12 years; BMI 
22.6 +/- 2.7 kg/m2; VO2peak 56.1 +/- 10.7 ml/kg/min) were enrolled in this 
sub-study. Three days prior to the study, the volunteers did not perform exer-
cise and increased the daily fat intake by additional fat snacks (0.75 g/kg/d). 
Following a first MR examination with determination of IMCL and IHCL, 
the volunteers exercised on a treadmill at 50-55% of VO2peak for two hours, 
followed by a second MR examination.
Results: IMCL decreased significantly during exercise ( reduction in %, 
mean±SD: -25±5, p =0.006), which contrasts to a significant increase of IHCL 
(increase in % mean±SD:32±11, p = 0.026). During exercise, serum free fatty 
acids (FFA) increased significantly (p << 0.001, two-way ANOVA).
Conclusion: The reduction of IMCL during exercise has been expected from 
several reports in literature. However, an increase of IHCL as a consequence 
of 2 hours exercise has not been reported to the best of our knowledge. Ob-
viously, during exercise the skeletal muscle uses IMCL; in parallel, adipose 
tissue releases FFA, which may result in an increase of IHCL.
Supported by: Swiss National Foundation, Pfizer Independent Research
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Effects of six months of moderate resistance-versus endurance-training 
on muscle ATP synthesis in first-degree relatives of patients with type 2 
diabetes
G. Kacerovsky-Bielesz1,2, M. Chmelik2,3, C. Ling4, R. Pokan5,  
J. Szendroedi1,2, M. Farukuoye2, M. Kacerovsky2, A.I. Schmid2,3, S. Gruber3, 
M. Wolzt6, E. Moser3, G. Pacini7, G. Smekal5, L. Groop4, M. Roden8,2; 
1First Medical Department, Hanusch Hospital, Vienna, Austria, 2Karl-
Landsteiner Institute for Endocrinology and Metabolism, Vienna, 
Austria, 3MR Center of Excellence, Medical University of Vienna, Austria, 
4Department of Clinical Sciences, Lund University, Malmo, Sweden, 
5Department of Sports and Exercise Physiology, University of Vienna, 
Austria, 6Department of Clinical Pharmacology, Medical University of 
Vienna, Austria, 7Metabolic Unit, Institute of Biomedical Engineering, CNR, 
Padova, Italy, 8Department of Medicine/Metabolic Diseases, Heinrich Heine 
University Dusseldorf, Germany.

Insulin resistant first-degree relatives of type 2 diabetic patients (REL) feature 
reduced flux through myocellular ATP synthase (fATPase) and increased my-
ocellular (IMCL) and hepatocellular (HCL) lipids. As exercise training can 
improve insulin sensitivity, we compared effects of moderate resistance (RE) 
vs. endurance (EN) training on fATPase. Glucose tolerant REL (RE: 3f/5m, 
age: 37±13a, BMI: 25±5kg/m2; EN 5f/3m, age: 43±11a, BMI: 26±2kg/m2) 
with comparable O2 uptake at the respiratory compensation point (VO2rcp) 
underwent OGTT to measure insulin sensitivity (OGIS) and 1H/31P mag-
netic resonance spectroscopy to assess fATPase, IMCL in soleus muscle and 
HCL before and after 26 weeks of exercise training (twice weekly at 90% of 
VO2rcp, duration was individually adjusted and increased). OGIS was simi-
lar at baseline (RE: 380±73 vs. EN: 381±70 ml.min-1.m-2) and after exercise 
training (389±40 vs.382±90 ml.min-1.m-2). fATPase was also comparable at 
baseline (12±5 vs.12± 3 µmol.ml-1.min-1) and after exercise training (13±3 
vs. 11±2 µmol.ml-1.min-1). Likewise, IMCL were comparable at baseline and 
did not change by exercise training (basal: RE: 1.08±0.20 vs EN: 1.13± 0.46, 
after training RE: 1.06± 0.53, EN: 1.11±0.08) and HCL were similar at base-
line (5.0±6.1 vs. 6.7±9.8% water) and tended to decrease in both groups.
VO2rcp remained unchanged in RE, but rose by 30% in EN (RE: 24.3±6.4 
vs. 24.8±6.9 ml.kg-1.min-1, ns; EN: 20.3±4.7 vs. 26.4±6.4 ml.kg-1.min-1, 
p=0.001). Evaluating maximal strength of knee extensors and flexors using 
isokinetic dynamometer (30°.s-1 and 60°.s-1) torque (Nm) (as sum of both 
knees and both measures) increased in RE (flexors: 294±88 vs. 412±132; ex-
tensors: 586±171 vs. 720±203) and did not significantly change in EN (flex-
ors: 319±135 vs. 337±12,1, ns; extensors: 606±250 vs. 637±231, ns). Moderate 
exercise training does not affect insulin sensitivity and mitochondrial ATP 
turnover in nonobese, glucose tolerant and insulin sensitive relatives of type-
2 diabetic patients.
Supported by: EFSD, Novo Nordisk, GSK, ASF (P15656), OENB 11459, Bax-
ter (M.R.), Swedish Research Council,Wallenberg Foundation (L.G.), ÖDG 
(G.K.B.), Regione Veneto (Biotech DGR 2702/10-09-04) (G.P.)
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Change in expression levels of lipid droplet coat protein in human 
skeletal muscle during strength training
I.M.F. Gjelstad1,2, F. Norheim2, T. Raastad3, K.I. Birkeland1,4, C.A. Drevon2; 
1Oslo University Hospital Aker, 2Department of Nutrition, University of 
Oslo, 3Norwegian School of Sport Sciences, Oslo, 4Faculty of Medicine, 
University of Oslo, Norway.

Background and aims: Depositions of fat in non-adipose tissues like skeletal 
muscle and liver are associated with insulin resistance and type 2 diabetes. 
Excess fat is stored as triacylglycerol in intracellular lipid droplets. The perili-
pin family of lipid droplet coat proteins (perilipin, adipophilin, S3-12, TIP47 
and LSDP5/OxPAT/MLDP) are essential for this cellular lipid storage. The 
aim of the present study was to study the effect of physical exercise on gene 
expression of these lipid droplet coat proteins.
Materials and methods: Ten healthy men (26.7 ± 4.6 years of age) with no regu-
lar strength training during the last year participated in an eleven weeks strength 
training study with three workouts per week. Each workout included leg and 
upper-body exercises. Skeletal muscle biopsies from a thigh muscle (m. vasus 
lateralis) were obtained at baseline and after two and eleven weeks of training. 
mRNA expression was analyzed with TaqMan® Gene Expression Assays.
Results: In eight of ten subjects, the expression of markers of muscle fiber 
type I (MYH7) and IIx (MYH1) decreased from baseline to two weeks and 
was increased again after further nine weeks of exercise training. The expres-
sion of LSDP5, S3-12 and adipophilin followed a similar pattern, and the ex-
pression at week two was reduced as compared to baseline for LSDP5 (-0.011, 
95%CI: -0.019, -0.0036), S3-12 (-0.030, 95%CI: -0.044, -0.016) and adipophi-
lin (-0.016, 95%CI: -0.032, 0.00). At week eleven the expression of the same 
genes were increased again (LSDP5: 0.011, 95%CI: 0.00, 0.021; S3-12: 0.021, 
95%CI: 0.00, 0.040; adipophilin: 0.021, 95%CI: 0.010, 0.036), and did not dif-
fer from baseline. The expression of TIP47 increased marginally during the 
intervention whereas perilipin expression did not change.
Conclusion: These are the first results indicating a possible important role 
of exercise in the regulation of the perilipin family of lipid droplet coat pro-
teins in skeletal muscle. Two weeks of strength training changed gene expres-
sion of several genes, including the lipid droplet coat proteins LSDP5, S3-12 
and adipophilin. After further nine weeks of exercise the muscles seem to 
be adapted to the intervention and the expression levels are comparable to 
baseline levels.
Supported by: South Eastern Norway Regional Health Authority, Johan Throne 
Holst Foundation for Nutrition Research, NuGO
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Effect of resistance exercise on muscular subfascial adipose tissue and 
retinol-binding protein-4 concentration in individuals with diabetes
Y. Ku1, H.-R. Kwon2, H.-G. Seok2, H.-J. Ahn2, J. Kim1, E.-K. Park1,  
B.-K. Koo1, H.-J. Kim1, K.-S. Pak1, K.-A. Han1, K.-W. Min1; 
1Internal Medicine, Eulji University School of Medicine, 2Diabetes Center, 
Eulji Hospital, Seoul, Republic of Korea.

Introduction: Mounting evidence indicates that elevated muscular lipid accu-
mulation is associated with diminished insulin sensitivity in skeletal muscle. It 
is reasonable to hypothesize that resistance exercise decreases muscular adipose 
tissue and have favorable effects on retinol-binding protein-4 (RBP4), which is 
linked to adipose tissue, and insulin sensitivity in women with diabetes.
Methods: Forty four overweight women with type 2 diabetes (55.7±6.5 yr) were 
randomly assigned to control (C, N=16), resistance exercise (RG, N=13), using 

Table 1
R G AG C

baseline 12w p baseline 12w p baseline 12w p
BMI (kg/m2) 27.1±2.2 26.7±2.2 .008 27.1±2.4 26.3±2.1 .000 27.4±2.8 27.1±2.8 NS
ASAT (g) 24402.4±7903.2 22731.8±7264.2 .005 23896.5±6035.3 21851.3±5766.6 .000 24685.8±5617.4 24057.4±5541.3 .027
AVAT (g) 15657.8±4753.6 14677.8±3455.9 NS 15889.5±4592.9 15037.5±3369.1 NS 17529.8±4746.6 17362.4±4727.7 NS
SCAT (g) 6697.0±2674.2 7660.0±2759.5 .011 7186.9±2960.3 7848.7±2510.4 .019 7370.5±2620.3 7312.6±2479.0 NS
SFAT (g) 2205.0±848.6 1884.8±616.6 NS 2013.9±487.5 2016.2±638.8 NS 2248.4±760.4 2562.9±760.1 NS
IMAT (g) 411.6±160.4 416.2±158.5 NS 509.4±178.1 477.5±183.9 NS 564.1±221.6 532.2±215.0 NS
RBP4 (ul/mL) 98.5±28.8 82.1±27.1 .007 87.0±25.4 84.7±15.3 NS 95.0±20.5 96.2±28.7 NS
Kitt 1.9±1.0 2.1±.8 NS 2.8±1.0 2.5±.6 NS 2.0±.8 2.1±.6 NS
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elastic band three times per week at about 40-50% of maximal exercise capacity 
under supervision and aerobic exercise group by walking (AG, N=15), which was 
monitored with accelerometer. We assessed anthropometric parameters, subcu-
taneous (ASAT) and visceral adipose tissue (AVAT) at abdomen, subcutaneous 
(SCAT), subfascial (SFAT), and intramuscular adipose tissue (IMAT) at mid-thigh 
level using computed tomography, plasma level of RBP4 and insulin sensitivity by 
insulin tolerance test (KITT), before and after 12-week exercise program.
Results: After 12-wk training program, changes of SCAT, SFAT, IMAT, RBP4, 
and KITT were not different across three groups, although change of BMI 
and ASAT in AG was greater than that in C. Within group analysis using 
paired T test, BMI, ASAT, and SCAT was decreased from baseline in both 
exercise groups, and plasma RBP4 concentration was significantly decreased 
only in RG. The change of RBP4 concentration had positive correlation with 
that of SFAT (r=0.664, p=0.013) in RG, but not in AG (r=-0.405, p=0.151).
Conclusion: Resistance exercise didn’t alter intramuscular adipose tissue but 
reduced plasma RBP4 level without improvement of insulin sensitivity.

690
Severity of obstructive sleep apnea syndrome (OSAS) is highly correlated 
with a decreased ability to oxidize lipids during exercise
M. Desplan1, M. Outters1, C. Fedou1, J. Pochic2, J. Brun1, M. Sardinoux1,  
A. Avignon2, J. Mercier1; 
1Dept of Clinical Physiology, 2Dept. of Metabolic Diseases, CHU & 
University of Montpellier, Montpellier, France.

Background and aims: To determine if OSAS in the metabolic syndrome is 
associated with an impaired skeletal muscle ability to oxidize lipids during 
exercise.
Materials and methods: Thirteen patients with metabolic syndrome (3 
women/10men; age: 55.5 ± 9.6 years; BMI: 37.5 ± 6.22 kg.m-2 ; Waist Cir-
cumference: 125.4 ± 21.8 cm; body fat %: 40.8 ± 11.5 %, free fat mass (FFM): 
65.3 ±15.8 kg; mean ± SD) were evaluated by overnight polygraphy to assess 
OSAS status (airflow, thoracoabdominal effort and oxymetry), which was 
quantified with the apnea/hypoapnea index (AHI). The balance of substrates 
oxidized during exercise was studied with exercise calorimetry, with determi-
nation of the maximal lipid oxidation rate (lipoxmax).
Results: During polygraphy, the AHI was 35.31 ± 21.7 with mild (AHI 5-
15), moderate (AHI 15-30), and severe (AHI >30) OSAS in respectively 4, 
1, and 8 patients. The lipoxmax occurred at 23.1 ± 13.7 % of the theoretical 
maximal power. At this level 2.7 ± 1.39 mg.kg-1.min-1 of lipids were oxidized. 
The lipoxmax was highly correlated with AHI (R=0.799; p=0.0018) and body 
fat% (R=0.794; p= 0.0021), while no correlation was found between AHI and 
Body fat% (R=0.48, p=0.35). A partial regression analysis showed that if the 
variable Body fat% is kept constant, the correlation between AHI and lipox-
max remains highly significant (R=0.778; p=0.002). Maximal lipid oxidation 
at exercise was significantly decreased in severe compared to mild and/or 
moderate OSAS (1.85 ±0.533 vs 3.91 ± 0.164; p= 0.0081).
Conclusion: The severity of OSAS is an independant determinant of the 
ability to oxidize lipids during exercise, regardless % body fat. Although 
the mechanism of this relationship remains to be determined, it could be a 
mechanism of resistance to weight reduction. This suggests to investigate the 
efficiency of exercise training targeted at the LIPOXmax in OSAS patients.

Supported by: LVL Medical group
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Exercise during pregnancy reduces high fat induced macrosomia
K.B. Rooney1, P. Ruell1, C. Caillaud1, C. Thompson2, S. Ozanne3; 
1Exercise and Sport Science, University of Sydney, Lidcombe, Australia, 
2Flinders Medical Centre, Bedford Park, Australia, 3Department of Clinical 
Biochemistry, University of Cambridge, United Kingdom.

Background and aims: Dietary insults on the intrauterine environment are 
associated with altered fetal development and subsequent progressive meta-
bolic disorders in adulthood. Evidence of the fetal origins of adult diseases in 
humans has been identified in epidemiological studies linking birth weight 
to subsequent risk of type 2 diabetes, obesity and cardiovascular disease. We 
have previously reported elevated abdominal adiposity together with reduced 
hepatic insulin signalling proteins in 15 week old offspring of dams fed a high 
fat diet during gestation. Physical activity is recognised as a positive inter-
vention for the metabolic related disorders of high fat feeding. Potentially, 
specific exercise training during pregnancy could present as a method for 
obesity and diabetes prevention in offspring of high fat fed mothers. We aim 
to investigate the effect of exercise training during pregnancy on offspring 
development of high fat fed pregnant dams.
Materials and methods: 8 female (160g) and 8 male Wistar rats (215g) were 
fed a high fat diet (34% omega-6 PUFA, 26% Protein, 22.3 kJ/g). An oral glu-
cose tolerance test (OGTT) (3g glucose / kg) was performed on day 24 with 
blood collected at fasting as well as 15, 30, 60 and 120 minutes post gavage. 
Glucose and insulin response was assessed as the total area under the curve 
(TAUC) for the 2 hour period. On day 28, mating pairs were established. 
Dietary intervention proceeded for a further 3 weeks. After 7 days of co-habi-
tation, mating pairs were separated. Four females were randomly allocated to 
a training intervention. Training consisted of 30min of treadmill running at a 
moderate intensity for 10 days of the 16 between separation from males and 
spontaneous delivery. An OGTT was performed on all females on the 12th 
day following separation. Following delivery, all pups were weighed and litter 
sizes standardised to 8 (4 male, 4 female) per dam. During lactation all moth-
ers were fed standard laboratory chow (11% Fat, 23% Protein, 13.9kJ/g).
Results: Exercise training did not significantly affect total body weight of 
mothers prior to delivery (Sedentary 312.2 ± 28.5g versus Trained 326.6 ± 
23.8g). While insulin and glucose TAUC were similar between groups, plasma 
glucose 15 minutes following gavage was significantly lower in trained moth-
ers (Trained 4.4 ± 0.7 versus Sedentary 5.8 ± 0.7 mM p = 0.05). Fasting plasma 
Leptin was lower following training but this was not significant. Six of eight 
mothers successfully delivered, 2 sedentary litters (31 pups, 6.4 ± 0.6g) and 4 
trained litters (56 pups, 6.1 ± 0.9g). Pup weights showed significantly reduced 
birth weight in litters from trained mothers (p = 0.03). Pup blood glucose at 
day 1, was similar between groups (Trained 5.2 ± 0.9 versus Sedentary 5.0 ± 0.9 
mM). Pups are currently being weaned for tissue collection at 15 weeks of age.
Conclusion: Exercise training during pregnancy reduced pup birth weight 
compared to pups from sedentary mothers. This was independent of changes 
in glucose TAUC, however improved insulin sensitivity may be inferred from 
the reduced glucose levels observed acutely following oral gavage for compar-
ative insulin levels. This data suggests that exercise during pregnancy reduces 
if not prevents macrosomia observed in offspring of high fat fed mothers. The 
overarching effect this reduced birth weight may have on offspring metabolic 
development is yet to be determined.
Supported by: an EFSD Albert Renold Fellowship
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A single bout of low-intensity exercise strongly reduces the prevalence of 
hyperglycaemia throughout the day in type 2 diabetes patients
R.J.F. Manders1, J.-W.M. van Dijk1, F. Hartgens2, L.J.C. van Loon1; 
1Human Movement Sciences, 2Epidemiology, Maastricht University Medical 
Center, Netherlands.

Introduction: Glycemic instability is a severely underestimated problem in 
type 2 diabetes treatment. Therapeutic targets should aim to reduce postpran-
dial blood glucose excursions. Exercise prescription can effectively improve 
blood glucose homeostasis and reduce the risk of cardiovascular complica-
tions.
Aim: To asses the impact of a single bout of either low- vs high-intensity 
exercise on the prevalence of hyperglycemia throughout the subsequent 24 h 
period in longstanding type 2 diabetes patients.
Methods: Nine sedentary, male type 2 diabetes patients (age: 57±2 y, BMI: 
29.0±1.0 kg/m2, Wmax: 2.2±0.2 W/kg body weight) were selected to partici-
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pate in a randomized cross-over study. Subjects performed either an equica-
loric bout of exercise for 60 min at 35%Wmax (LI) or 30 min at 70%Wmax 
(HI) or no exercise at all (NE). Thereafter, blood glucose homeostasis was 
assessed over the subsequent 24 h post-exercise period by continuous glu-
cose monitoring under strict dietary standardization but otherwise free-liv-
ing conditions.
Results: Average 24 h glucose concentrations were reduced following the 
low-intensity exercise bout (7.8±0.9 mmol/L) when compared with the con-
trol experiment (9.4±0.8 mmol/L; P<0.05). The high-intensity exercise bout 
did not significantly lower mean glucose concentrations (8.7±0.7 mmol/L; 
P=0.14). Hyperglycemia was prevalent for as much as 35±9% (8:17±2:04 h) 
throughout the day (NE). A single bout of exercise reduced the prevalence of 
hyperglycemia with 49.7±4.4% (P<0.05) and 18.6±8.8% (P=0.13) in the LI 
and HI exercise experiment, respectively.
Conclusion: A single bout of low-intensity exercise substantially reduces the 
prevalence of hyperglycemia throughout the subsequent 24 h period in long-
standing, type 2 diabetes patients.
Supported by: a grant from the Netherlands Organisation for Scientific Research 
(NWO)
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Dynamic response of growth hormone secretion to aerobic exercise in 
subjects with type 1 diabetes mellitus under eu- and hyperglycaemic 
clamp conditions
S. Jenni1, S. Allemann1,2, C. Oetliker1,3, L. Tappy4, M. Ith5, S. Wuerth6,  
A. Egger1, C. Boesch5, P. Schneiter4, P. Diem1, E. Christ1, C. Stettler1,2; 
1Division of Endocrinology, Diabetes and Clinical Nutrition, University 
of Bern, 2Institute of Social and Preventive Medicine, Bern, 3Institute of 
Anaesthesia, Basel, 4Department of Physiology, University of Lausanne, 
Bern, 5Department for Clinical Research, Magnetic Resonance Spectroscopy 
and Methodology, University of Bern, 6Institute for Sport Science, University 
of Basel, Switzerland.

Background and aims: Individuals with type 1 diabetes mellitus (T1DM) 
exhibit an exaggerated growth hormone (GH) response to a variety of stimuli 
including exercise. While physical exercise is known to stimulate GH secre-
tion, GH is alleviated by hyperglycaemia both at rest and during exercise in 
healthy individuals. Data on the impact of exercise under differing glycaemic 
levels in T1DM is scarce and controversial. We aimed, therefore, at compar-
ing exercise stimulated GH secretion under eu- and hyperglycaemia in indi-
viduals with T1DM.
Materials and methods: In this randomized single-blinded cross-over trial 
7 men with T1DM were examined twice in the fasting state after overnight 
euglycaemia. Blood glucose clamp was started at 08:15 a.m. to a target of 
either 5 mmol/l or 11 mmol/l for eu- and hyperglycaemia, respectively. Cy-
cling over 120 min at 55-60% VO2peak was initiated at 10:00 a.m. Serum GH 
was measured before clamp and before exercise (in duplicate), then every 
15 min throughout exercise and 120 min thereafter. Areas under the curve 
(AUC) over 120 min of exercise were calculated. Log-transformed GH data 
were analysed data using paired Student’s t-test and geometrical means with 
95% confidence intervals (CI) are presented.
Results: The subjects’ (mean±standard error) age was 33.5±2.4 years, diabe-
tes duration 20.1±3.6 years, HbA1c 6.7±0.2% and IGF-1 103.4±7.8 ng/ml. Un-
til the start of exercise GH had modestly increased from baseline under both 
euglycaemia (from 0.60 ng/ml, CI 0.46-0.76, to 1.06 ng/ml, CI 0.58-1.92) and 
hyperglycaemia (from 0.70 ng/ml, CI 0.53-0.92, to 1.14 ng/ml, CI 0.68-1.91). 
Exercise led to a more than 10 fold increase in both groups. But 41% higher 
GH peaks were reached in euglycaemia with 18.9 ng/ml, CI 9.6-37.2, com-
pared to 13.2 ng/ml, CI 7.2-24.5, in hyperglycaemia (p<0.01). AUCGH during 
exercise were 1430 ng/ml*min, CI 703-2910, and 1061 ng/ml*min, CI 538-
2091, in eu- and hyperglycaemia, respectively (p=0.02). In both groups GH 
returned to baseline two hours after exercise.
Conclusion: Departing from similar basal levels before exercise, GH re-
sponse to prolonged exercise diverged according to glycaemic levels with 
lower values observed in hyperglycaemia. These data are consistent with a 
glycaemic regulation of GH secretion under exercise conditions in T1DM 
which is comparable to healthy individuals.
Supported by: Swiss Diabetes Foundation, Oetliker-Stiftung für Physiologie, 
NovoNordisk and Swiss National Science Foundation
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Metabolic and adipogenic properties of insulin detemir in human 
subcutaneous and visceral adipocytes differentiated in vitro from 
precursor stromal cells
A. Cignarelli, S. Perrini, R. Ficarella, A. Peschechera, A. Conserva,  
M. Barbaro, M.C. Carreira, A. Natalicchio, L. Laviola, F. Giorgino; 
Endocrinology & Metabolic Diseases, University of Bari, Italy.

Background and aims: In clinical trials, insulin Detemir (D) is associated 
with no or lesser body weight gain as compared to human insulin (HI), 
particularly in individuals with high BMI. The objective of this study was 
to compare the metabolic and adipogenic properties of D and HI in human 
subcutaneous (SC) and visceral (V) adipocytes differentiated in vitro from 
precursor stromal cells.
Materials and methods: Human fat precursors were isolated from paired SC 
and V fat biopsies of 7 subjects (3F/4M, age 63±1 yrs, BMI 25.9±1.4) with 
normal glucose tolerance. Preadipocytes were isolated from the stromal frac-
tion of the SC and V biopsies, respectively, and differentiated in vitro with 
dexamethasone, IBMX, insulin and rosiglitazone. Terminal differentiation 
of the adipocyte cultures was verified through morphological evaluation, 
Oil-O-Red staining, and assessment of gene expression of fat-specific mol-
ecules (PPARgamma2, adiponectin, GLUT4, and FAS) by real-time RT-PCR. 
Glucose uptake was assessed through evaluation of [3H]1,2-deoxy-D-glucose 
uptake rates. Erk-1/2 expression and phosphorylation were evaluated by im-
munoblotting of total cell lysates with specific antibodies.
Results: In SC adipocytes, 100 nM D and 100 nM HI stimulated [3H]2-de-
oxy-D-glucose uptake by 1.8- and 1.5-fold, respectively (p<0.05 vs. basal). In 
contrast, in V adipocytes, 100 nM HI induced a 3-fold increase in glucose 
transport (p<0.05), whereas 100 nM D appeared to be much more active, 
leading to 5- and 8-fold increases in glucose uptake at 10 and 100 nM, re-
spectively (p<0.05 vs basal and HI). However, D and HI induced activation 
of Erk-1/2 proteins to a similar extent. Regression analysis showed an inverse 
correlation between D-stimulated glucose uptake in V adipocytes and BMI 
(β =-20.7, R2 =0.87, p<0.05) and HOMA-IR (β =-70.7, R2 0.92, p<0.05) of 
the donor subjects, whereas no correlation was found for HI. Then, precur-
sors were differentiated in the presence of 500 nM D or HI. mRNA levels of 
PPARgamma2, GLUT4, adiponectin and FAS, which were undetectable in 
SC and V precursors, were increased by 10- to 50-fold in adipocytes differ-
entated with HI (p<0.005). By contrast, they were lower by 10-fold in SC and 
V adipocytes differentiated with D (p<0.005 vs HI). In addition, triglyceride 
accumulated as large lipid droplets in about 90% of cells differentiated with 
HI and as minute lipid droplets in only 40% of adipocytes exposed to D.
Conclusion: In comparison with HI, D stimulates glucose uptake more ef-
ficiently in V adipocytes, and induces adipogenesis to a lesser extent in both 
SC and V precursors. Moreover, the metabolic effect of D is profoundly influ-
enced by the degrees of adiposity and insulin resistance of the donor subject. 
The differential properties of D compared to HI may contribute to the weight 
gain-sparing effect of this insulin analog.
Supported by: LIBRA Project - Competitive Grant from Novo Nordisk
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6-year baros of 1890 primary bariatric operations. Decrease in mortality 
and similar resolution of comorbidities, especially type 2 diabetes 
independent of primary bariatric operation used
F. Horber, R. Steffen; 
Klinik Lindberg, Winterthur, Switzerland.

Background: Comparative long-term results with high follow-up rates after 
primary bariatric operations are scarce.
Methods: We analyzed and compared our 6 years BAROS after 57 vertical 
gastroplasties (VBG), 152 biliopancreatic diversions (BPD), 1245 adjustable 
gastric bandings (AGB) and 441 standard RY gastric bypasses (RY). Standard 
techniques were used for VBG, AGB and RY. BPDs are heterogeneous, but 
have a common channel of 100cm or less. VBGs and BPDs were operated 
mainly through laparotomy, RYs and AGBs were mostly laparoscopic opera-
tions.
Eye-to-eye follow up was more than 91 %. All data were recorded prospec-
tively. Reoperations were done for technical problems, weight regain, late 
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dumping as clinically necessary and defined for gastric banding by an algo-
rhytm (Surgery 2005). An intention to treat analyses was performed.
Results: 
Group VBG BPD AGB RY
N 57 152 1245 441
BMI 0 Years 48 +/-7 53 +/- 8 * 43 +/- 6 46 +/- 6
BMI 6 Years 33 +/- 7 34 +/-6 32 +/- 6 31 +/- 6
%EWLoss at 6 years 61 +/- 23 64 +/- 17 55 +/- 23* 63 +/- 19
BAROS points EWL 1.90 +/- 0.74 2.08 +/- 0.71 1.74 +/- 0.91 2.03 +/- 0.77
BAROS points QoL 
total

1.21 +/- 0.82 1.13 +/- 0.88 1.15 +/- 0.84 1.21 +/- 0.88

-physical 0.29 +/- 0.19 0.29 +/- 0.20 0.24 +/- 0.20 0.23 +/- 0.20
-social 0.24 +/- 0.23 0.25 +/- 0.22 0.17 +/- 0.19 0.18 +/- 0.19
-labor 0.25 +/- 0.21 0.21 +/- 0.26 0.19 +/- 0.21 0.20 +/- 0.23
-sexual 0.03 +/- 0.18 0.03 +/- 0.24 0.06 +/- 0.20 0.05 +/- 0.21
-self esteam 0.20 +/- 0.19 0.26 +/- 0.20 0.24 +/- 0.19 0.27 +/- 0.20
-eating behaviour 0.11 +/- 0.15** 0.25 +/- 0.20 0.12 +/- 0.12** 0.27 +/- 0.20
BAROS, Complications 
major

0.31 +/- 0.64 0.18 +/- 0.41 0.09 +/- 0.32 0.11 +/- 0.43

BAROS, Reoperations 
major

1.11 +/- 1.16 1.14 +/- 0.94 0.38 +/- 0.71*** 0.32 +/- 0.67***

BAROS, Comorbidities 1.50 +/- 0.97 1.50 +/- 0.97 1.59 +/- 0.90 1.44 +/- 0.73
TOTAL BAROS 2.85 +/- 2.48* 3.69 +/- 2.03 3.60 +/- 2.14 3.75 +/- 1.81
%Failures 21**** 10 10.5 7
%Good or better 42**** 71 68 63

* p<0.05 using ANOVA vs all other groups; **p<0.05: ANOVA vs BPD and 
RY. *** p <0.05: ANOVA GB or RY vs VBG or BDP. ****p<0.05 using non-
parametric comparisons by Kruskall-Wallis.
EWL was lowest in GB patients. Total QoL was similar in all groups, but eat-
ing behaviour was significantly better in BPD and RY compared to VBG and 
GB- patients. Moreover rate of reoperation during the 6 years of follow up 
was similar in GB and RY patients, but more than twice as high in VBG and 
BPD subjects. Interestingly improvement in comorbidities was similar in all 
groups. According to total BAROS, overall 10.1% were considered as failures. 
Failure rate was highest in VBG and lowest in RY. In contrast rating of good 
or better by BAROS was highest in BPD patients. Overall procedural and 
nonprocedural mortality was 19 per 10000 personyears as was resolution of 
Type 2 Diabetes. In conclusion 6 years after bariatric surgery only 10% of 
subjects were considered as failures, whereas about two third of patients were 
considered as good or better with the exception of VBG. Overall mortality 
was 3 times lower as that reported for non operated morbid obese subjects 
(>50 per 10’000 person years)
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Weight loss induced by bariatric surgery improves the ability to oxidize 
lipids at exercise but shifts the power of maximal lipid oxidation 
(LIPOXmax) to the left
D. Nocca1, J.-F. Brun2, M. Sardinoux2, V. Salsano3, G. Fabre3, J. Bringer4,  
P. Lefebvre4, J. Mercier2; 
1Visceral Surgery, Hospital Saint Eloi, 2Inserm eri25, CERAMM, 3Hospital 
Saint Eloi, Visceral Surgery, 4Hospital Lapeyronie, Endocrinology, 
Montpellier, France.

Background and aims: It is attractive to develop combined strategies in 
which exercise will be employed to improve the effects of bariatric surgery 
and provide to patient the possibility to become less sedentary on the long 
term, as has been successfully done in other chronic diseases. In the case of 
obesity after bariatric surgery, the question arises of which kind of exercise 
should be proposed. Recent studies propose in metabolic diseases (obesity, 
diabetes mellitus) to target exercise training at the intensity level where lipid 
oxidation is maximal (LIPOXmax). Thus, the purpose of this study was to 
determine LIPOXmax in obese patients that had lost weight after bariatric 
surgery, compared to obese subjects matched for body mass index (BMI) be-
fore and after surgery, and nonobese subjects.
Materials and methods: Evaluation by indirect exercise calorimetry of the 
LIPOXmax, as well as the Crossover point (exercise level at which carbo-
hydrates become the predominant fuel) in 28 obese patients after bariatric 
surgery (17 by sleeve gastrectomy, 7 by Roux-en-Y gastric by-pass and 4 by 
gastric ring; BMI before surgery: 45,5 ± 1,3 Kg/m²; BMI after surgery: 32,7 

± 1,2 Kg/m²; average weight loss 41.7 ± 4.3 kg; age: 39 ± 2 years; average ± 
SEM), compared to two groups of obese, 33 matched with the preoperative 
BMI (45,2 ± 0,8 Kg/m²) and 87 matched for the actual BMI (32.4 ± 0.14 Kg/
m²), and one group of 322 nonobese subjects (BMI: 24,8 ± 0,2 Kg/m²), all 
being matched for age and gender.
Results: The LIPOXmax occurs at a lower exercise intensity in obese patients 
treated by bariatric surgery compared to all the other groups, although the 
maximal lipid oxidation rate is quite the same in all groups. 

Table 1: * p<0.05 Vs A; ** p<0.01 Vs A; *** p<0.001 Vs A;
A 
Post surgery 
obese sub-
jects

B 
Matched on 
post slim-
ming BMI

C 
Matched 
on initial 
BMI

D 
Non obese 
controls

Crossover point Watts 51 ± 4 62 ± 4 51,2 ± 7 60 ± 2,4
%Pmax 27 ± 2 34.6 ± 0.02 36 ± 6 37,7 ± 1,2

LIPOXmax Watts 43 ± 3 56 ± 3 * 52 ± 3 * 55 ± 2 *
%Pmax 23 ± 1,7 30 ± 0.01 ** 34 ± 2*** 33 ± 0.01***

maximal lipid oxidation 
point  
(Mg/min)

216 ± 13 213 ± 12 186 ± 15 207,5 ± 7

Conclusion: Compared to matched obese and nonobese subjects, the patients 
of group A, who have lost an average of 42 kg after bariatric surgery, exhibit a 
peak oxidation of lipids shifted to lower exercise intensities. This mechanism 
may contribute to resistance to slimming, suggesting that targeted training 
with the aim of increasing lipid oxidation at exercise may be interesting to 
evaluate in this context.
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Electronic health technology for assessment of physical activity and 
eating habits in children and adolescents with overweight and obesity
A. Kaps1, G. Bieber2, R. Schiel1; 
1MEDIGREIF Inselklinik Heringsdorf, Ostseebad Heringsdorf, 2Fraunhofer 
Institut IGD Rostock, Germany.

Background and aims: During the last decades overweight/obesity has in-
creased markedly. They are associated with a high risk for diabetes and death. 
Effective intervention is mandatory. Following participation in treatment 
programmes children/adolescents often fail to reach sufficient long-term 
weight reduction. The present trial aims to integrate telemedical support in 
therapy to improve long term outcome.
Materials and methods: All children/adolescents with overweight/obesity 
were included (n=66, age 13.9±2.6 years, BMI 31.2±5.4 kg/m2, BMI-SDS 
2.41±0.6) admitted to our hospital 04-03/2009. To asses physical activity and 
eating habits electronic health technology was used (Fraunhofer-Institute, 
IGD, Rostock, Germany). The system consists in a mobile motion sensor 
board (MoSeBo) or a motion sensor integrated in a mobile phone (DiaT-
race). The system analyses kind, intensity and duration of physical activity 
and eating habits.
Results: Follow-up period was 182 days. Total physical activity measured with 
MoSeBo/DiaTrace was 310.4±;122.3 min/d (15.6±;12.3 units/d). Patients spent 
44.6 (3-173.3) min/d with walking, 7.5 (0-42.3) min/d with running, 17.2 (0-
52.0) min/d with cycling and 24.7 (0-88.7) min/d with car driving. In contrast, 
in most domains activity documented by patients was significantly higher: 
Walking 298.7 min/d (p=0.001 vs MoSeBo/DiaTrace)and running 94.7 min/d 
(p=0.001). In respect of cycling patients’ estimation (21.4 min/d) and objective 
documentation were comparable.Similar differences were seen concerning eat-
ing habits. Multivariate analysis: There was an association between weight re-
duction (R-square=0.590) and intrinsic motivation (ß=0.732, p< 0.001), intrafa-
milial conflicts (ß=0.461, p=0.002), duration of physical activity measured with 
MoSeBo/DiaTrace (ß=-0.438, p=0.002) and body fat mass (ß=-0.393, p=0.005).
Conclusion: 1.There are differences between patients´ self-assessment and 
objective perception of physical activity and eating habits. Discrepancies in 
perception are maybe important determinats of poor long-term outcome. 2. 
Using modern electronic health technology allows the objective assessment 
of kind, intensity and quantity of physical activity and eating habits. This 
could be an important new advanced method to improve the therapy of obes-
ity and diabetes.
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Supported by: Verein zur Förderung der Rehabilitationsforschung in Hamburg, 
Mecklenburg-Vorpommern und Schleswig-Holstein (vffr)
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Diabetic patients’ response to clopidogrel is independently related to 
fibrinogen plasma level but not to glycaemic control
P. Darmon1, B. Gaborit1, C. Frere2, O. Romieu3, T. Cuisset4, P. Morange2,  
L. Camoin5, M.-C. Alessi2, A. Dutour1; 
1Department of Endocrinology, Metabolic Diseases, and Nutrition, CHU 
Nord, Inserm U626, 2Inserm U626, Faculty of Medicine, Laboratory of 
Haematology, CHU Timone, 3Department of Endocrinology, Metabolic 
Diseases, and Nutrition, CHU Nord, 4Inserm U626, Department 
of Cardiology, CHU Timone, 5Laboratory of Haematology, Hôpital 
Conception, Marseille, France.

Background and aims: There is a higher prevalence of stent thrombosis and 
of inadequate platelet response to clopidogrel in diabetics. However, whether 
or not glycemic control is implicated in this suboptimal response remains 
unknown. The aim of this study was to determine the clinical and biological 
factors implicated in clopidogrel platelet response in diabetic patients.
Materials and methods: ADP-induced platelet aggregation (ADP-Ag) and 
Platelet Reactivity Index of Vasodilatator-Stimulated Phosphoprotein (PRI 
VASP) were analysed in 124 diabetic patients treated with clopidogrel. Plate-
let tests were repeated for 15 poorly controlled patients after glycemic optimi-
zation with the use of continuous subcutaneous insulin infusion. 
Results: No correlation between platelet tests and glycemic control (fasting 
blood glucose, HbA1c) was observed. ADP-Ag and PRI VASP did not differ be-
fore and after glycemic optimization (53.5 ± 25 versus 52.8 ± 21 % and 64.5 ± 18 
versus 66.9 ± 18 %). No relationship was found between ADP-Ag or PRI VASP 
and gender, duration of the disease, BMI, hypertension, lipid profile, creatinine, 
microalbuminuria, high sensitive CRP, or adiponectin. However, type 2 dia-
betic patients had higher ADP-Ag and PRI VASP than type 1 diabetic patients 
(49±19 vs 33±19 %, p= 0.008; 62±16 vs 48±27 %, p= 0.02, respectively). After 
adjustment for potential confounders (age, time since diagnosis, BMI, triglyc-
erides, fibrinogen), only ADP-Ag remained statistically different between the 
two types of diabetes (p= 0.007; p=0.11 respectively). Remarkably, a positive in-
dependent correlation was found between ADP-Ag and fibrinogen (r=0.38, p= 
0.0005). Fibrinogen was an independent predictor of ADP-Ag, and clopidogrel 
non responders had elevated plasma fibrinogen, compared with clopidogrel re-
sponders: 8.2 ± 0.5 versus 3.8 ± 0.1 g/L (p<10-4). ROC curve analysis showed 
that a threshold value of 3.57 g/L gave a negative predictive value of 94.7%. The 
addition of purified fibrinogen to platelet rich plasma obtained from diabetic 
patients with an adequate response to clopidogrel (final concentration 11g/L) 
did not lead to a significant increase in ADP-Ag (41 ± 19 vs 40 ± 18 %, p = 0.69), 
eliminating a direct effect of fibrinogen on ADP-Ag.
Conclusion: High post treatment platelet reactivity assessed by ADP-Ag is 
not related to glycemic control but to the type of diabetes. Fibrinogen is a 

strong predicting factor of ADP-Ag in diabetics treated with clopidogrel. 
Evaluation of inflammation and treatment of infection in diabetics could im-
prove clopidogrel platelet response and reduce the risk of stent thrombosis.

699
The inhibitory effect of metformin on nitric oxide production via 
MyD88-independent pathway in macrophages
Y. Kato, K. Kato, C. Inagaki, Y. Adachi, K. Otake; 
Internal Medicine, Division of Endocrinology, Metabolism and Diabetes, 
Aichi Medical University, Japan.

Background and aims: The United Kingdom Prospective Diabetes Study 34 
(UKPDS 34) demonstrated that administration of metformin reduced all-
cause mortality, myocardial infarction, and stroke more than insulin or sulfo-
nylureas, although its glucose-lowering effect was similar to them. UKPDS 34 
suggested that metformin confers vascular benefits beyond its hypoglycemic 
action. Recent clinical studies further suggested that metformin may alter 
inflammation as determined by decreased inflammatory markers in plasma. 
Nitric oxide (NO) is a free radical molecule known to play an important role 
in the pathogenesis of inflammation. Recent studies suggested that plasma 
levels of NO metabolites correlate with body mass index and body fat mass, 
that plasma nitrite levels are elevated modestly in diabetic patients, and that 
inducible nitric oxide synthase may be involved in the pathogenesis of meta-
bolic disorders associated with a low-grade chronic inflammatory state, such 
as atherosclerosis and obesity-linked Type 2 diabetes. However, the effects 
of metformin on nitric oxide production are not known yet. In the present 
study we investigated the effects of metformin on nitric oxide production and 
the molecular mechanism of its effect in macrophages to evaluate the anti-
inflammatory effects of metformin.
Materials and methods: The murine macrophage cell line, RAW264.7 cells 
were maintained in RPMI 1640 medium containing 5% heat-inactivated fe-
tal calf serum. RAW264.7 cells were stimulated by lipopolysaccharide (LPS) 
from Escherichia coli O55:B5 or poly(I:C). Nitric oxide was measured as its 
end product, nitrite, using Griess reagent. TNF-α or interferon-β (IFN-β) was 
measured by ELISA.
Results: We examined the effects of metformin on LPS or poly(I:C)-induced 
nitric oxide production, LPS-induced IFN-β production, and LPS-induced 
TNF-α production. Previous studies indicate that NO production by LPS is 
induced via Toll-like receptor 4 (TLR4) and NO production by poly(I:C) is 
via Toll-like receptor 3 (TLR3). LPS/TLR4 signaling is divided into MyD88-
dependent and MyD88-independent pathways, but poly(I:C)/TLR3 signaling 
has only MyD88-independent pathway. NO production by LPS is induced 
via MyD88-independent pathway which mediates IFN-β production. TNF-
α production by LPS is induced via MyD88-dependent pathway. Metformin 
inhibited LPS-induced nitric oxide production in RAW264.7 cells (6.6±0.2 
μM vs. 3.4±0.3 μM, p<0.005). Metformin inhibited poly(I:C)-induced nitric 
oxide production (8.8±1.2 μM vs. 2.9±0.4 μM, p<0.005). Metformin inhib-
ited LPS-induced IFN-β production (349.5±7.7 pg/mL vs. 178.9±1.8 pg/mL, 
p<0.05). Metformin did not inhibit LPS-induced TNF-α production.
Conclusion: Metformin inhibited nitric oxide production via MyD88-in-
dependent pathway in macrophages. Our data indicates that metformin has 
beneficial effects on diabetic complications through its anti-inflammatory ef-
fects via MyD88-independent pathway.

700
Miglitol decreases gene expressions of inflammatory cytokines/cytokine-
like factors in peripheral leukocytes in parallel with the reduction in 
blood glucose fluctuations in type 2 diabetes
K. Mochizuki1, T. Osonoi2, M. Saito2, N. Fukaya1, T. Muramatsu1, T. Goda1; 
1Laboratory of Nutritional Physiology, The University of Shizuoka, 2Naka 
Kinen Clinic, Ibaraki, Japan.

Background and aims: Many patients with type 2 diabetes are treated with α-
glucosidase inhibitors, which have beneficial effects in improving postpran-
dial hyperglycemia. Miglitol, an α-glucosidase inhibitors, is more potent in 
reducing early postprandial blood glucose than other α-glucosidase inhibitor, 
such as acarbose and voglibose, and delays the peak of postprandial blood 
glucose. In this study, we focused the daily blood glucose fluctuations and 
gene expressions of inflammatory cytokines/cytokine-like factors in patients 
with type 2 diabetes and examined the effects of the switch from acarbose or 
voglibose to miglitol on them.
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Materials and methods: The subjects comprised 43 patients with type 2 
diabetes (22 men and 21 women) aged 26-81 years with HbA1c levels from 
6.5% to 7.9%. They had received combination therapy with acarbose (100 
mg/meal) or voglibose (0.3 mg/meal) and insulin or sulfonylurea for more 
than six months. At the start of the study, all α-glucosidase inhibitors were 
switched to miglitol (50 mg/meal) and the new treatments were continued 
for three months. At each end of the study period, basic clinical parameters, 
such as HbA1c, fasting glucose, triglyceride, total-cholesterol and C-reactive 
protein, were measured, and the severity of adverse events, such as hypogly-
cemia, fecal disturbance (diarrhea/constipation), flatulence and abdominal 
distention, were monitored. Blood glucose was determined just before and 
one hour after meals by self-monitoring. Gene expressions of inflammatory 
cytokines/cytokine-like factors in peripheral leukocytes were determined by 
real-time RT-PCR.
Results: The levels of HbA1c and fasting blood glucose were maintained 
even after acarbose or voglibose was switched over to miglitol. Meanwhile, 
hypoglycemic events were significantly reduced by 58% (p<0.001) after the 
change of treatments. Blood glucose fluctuations were ameliorated and the 
M-value was decreased by 24% (p<0.001). In peripheral leukocytes, the gene 
expression levels of IL-1β, TNF-α, S100a4, S100a6, S100a9, S100a10, S100a11 
and S100a12 were significantly decreased by 25% (p<0.01), 24% (p<0.001), 
17% (p<0.05), 20% (p<0.05), 23% (p<0.05), 19% (p<0.01), 25% (p<0.01) and 
24% (p<0.05), respectively.
Conclusion: After the switching from other α-glucosidase inhibitors, miglitol 
improved blood glucose fluctuations without changes in both HbA1c and fast-
ing blood glucose in patients with type 2 diabetes. On the other hand, miglitol 
also decreased the gene expressions of inflammatory cytokines/cytokine-like 
factors in peripheral leukocytes. These results suggest that the blood glucose 
fluctuation may affect the gene expressions of inflammatory cytokines/cy-
tokine-like factors in peripheral leukocytes in type 2 diabetes.

701
The effects of decreased gastric secretion on treatment of obesity
G.S. Pudar1, B. Dapcevic2, M. Andjelic1, P. Svorcan2, A. Brankovic1; 
1Endocrinology and Diabetology, 2Gastroenterology, University Clinical 
Hospital Zvezdara, Belgrade, Serbia.

Background and aims: Over many years of our medical practice we noticed 
that patients with gastric troubles who were treated with ranitidine hydro-
chloride (selective H2 receptor antagonists) have been maintaining their re-
stricted diets more easily and successfully. The aim of this study was to exam-
ine the effects of using ranitidine in the treatment of obesity.
Materials and methods: We examined 26 healthy obese persons (BMI >30 
kg/m²), mean age 42.1 ± 10.1 years. All patients came to endocrinologist only 
because of their problem with obesity. Three months before this study all pa-
tients have already been on therapy with the low calories diet and physical 
activity, but they didn’t succeed to reduce their body weight. In this study the 
patients continued with the same diet and physical activity and in addition 
they were given to take daily two tablets of 150 mg ranitidine (morning and 
evening) for the next eight weeks. At baseline and after 8 weeks period we 
determined body weight, waist circumference (WC) and BMI (kg/m²), lipid 
status (total cholesterol, triglycerides, HDL cholesterol and LDL cholester-
ol). Also a 2 hours 75-g oral glucose tolerance test (oGTT) was done during 
which we followed plasma insulin concentration (by radioimmunoassay) at 
the beginning and after one hour of the test (60’).
Results: At the end this study has shown that all patients have significantly 
reduced their body weight from 2 to 23 kg, mean 7.2±4.6 kg (103.1±14.1 vs 
95.9±13.5 kg, p<0.01), BMI (36.8±4.9 vs 34.2±5.1 kg/ m², p<0.01) and WC 
(108.4±9.3 vs 99.6±10.2 cm, p<0.01). Also, they had better lipid status with 
significantly reduced triglycerides (2.2±0.9 vs 1.7±0.7mmol/l, p<0.05) and in-
creased HDL cholesterol (1.1±0.3 vs 1.3±0.3 mmol/l, p<0.01). Fasting plasma 
insulin was improved (10.1±5.2 vs 10.3±4.9, NS) and insulin secretion after 
60’of oGTT was significantly reduced (76.2±41.5 vs 58.1±37.6, p<0.05).
Conclusion: Potential explanation for our findings is that ranitidine has ef-
fects like gastric bypass surgery on gut hormones that control insulin secre-
tion (GLP-1, YYP, Ghrelin). All patients also affirmed that they were feeling 
good during this therapy and they could maintain the advised dietary pro-
gramme with pleasure and without being hungry, nervous or depressed.

702
Effects of immunosuppressive agents on insulin stimulated glucose 
transport in primary rat adipocytes
M.J.R. Pereira1,2, P. Nunes3, J. Palming1, J. Eriksson1,4, M.A. Aureliano5,  
E. Carvalho3; 
1Department of Medicine, Lundberg Laboratory for Diabetes Research, Goteborg, 
Sweden, 2FCT - University of Algarve, CCMAR, Faro, Portugal, 3University of 
Coimbra, Center for Neuroscience and Cell Biology, Portugal, 4AstraZeneca R&D, 
Molndal, Sweden, 5University of Algarve, CCMAR, Faro, Portugal.

Background and aims: Glucocorticoids (GC) and immunosuppressive agents 
(IA) used in transplant recipients and patients with autoimmune diseases can 
cause insulin resistance. However the mechanism behind the development of in-
sulin resistance needs to be further investigated. One hypothesis is that GC and IA 
cause metabolic changes in adipocytes leading to impaired insulin sensitivity. If IA 
induce changes in whole body glucose and lipid metabolism leading to abnormal 
insulin signaling and the accumulation of lipid in skeletal muscle, this is likely to 
contribute to the development of whole-body insulin resistance, glucose intoler-
ance and fasting hyperglycemia. The aim of this study was to elucidate the direct 
effects of IA and GC on insulin stimulated glucose uptake in rat adipocytes.
Materials and methods: Rat adipocytes isolated from epidydimal fat pads, where 
incubated with different IA and GC: Cyclosporine A (CsA: 0.5-30 µM), n=9; Tac-
rolimus (FK 1-50 µM), n=9; Sirolimus (Sir: 5-250 µM), n=9, Dexamethasone (D 
0.01-10 µM), n=15; and Prednilosone (P: 0.01-10 µM), n=12, for an initial 5 min. 
Thereafter adipocytes were further incubated with or without insulin (10 nM) for 
10 min before glucose uptake was measured by adding 14C-glucose (0.86 µM) for 
30 min. After incubation the reaction was stopped by centrifugation in silicon oil. 
The cellular uptake of labeled glucose was analyzed by scintillation measurement.
Results: Insulin stimulated glucose uptake was reduced after incubation with 
the different IA; CsA (0.5-30 µM) by 27-39% (p<0.05), with FK (10-50 µM) 
by 30% (p<0.05) and Sir (5-250 µM) up to 67% (p<0.05). D (0.01-10 µM) 
caused a reduction in insulin stimulated glucose uptake by 26% (p<0.05), 
whereas P had no statistically significant effect on basal or insulin stimulated 
glucose uptake. Basal glucose uptake was left intact with all IAs and GCs.
Conclusion: These results demonstrate that the IAs, Cyclosporine A, Tac-
rolimus, and Sirolimus, as well as, the GC Dexamethasone inhibit insulin 
stimulated glucose uptake in rat adipocytes after short-time incubations. 
Further elucidations of the mechanisms underlying adipose tissue insulin 
resistance caused by IA and GC, will help to optimize treatments, in order to 
prevent post-transplant diabetes.
Supported by: FCT (SFRH/BD/41044/2007) and project POCI/SAU-
MMO/57598/2004
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Acute rhabdomyolysis after fucidic acid and atorvastatin therapy
M. Francois; 
CHU Robert Debré - Service de Diabétologie et Maladies Métaboliques, 
Reims, France.

We report the case of a 58-year-old patient who was admitted with progres-
sive and generalised muscle pains and weakness. The patient had a history of 
type 2 diabetes mellitus combined with hypertension, lower limb arteriopa-
thy and recent myocardial infarction. He had been taking atorvastatin (80 mg 
daily) for 6 months. He was also treated for rheumatoid arthritis. In October 
2008, he underwent surgery for osteoarthritis of the foot and oral antimicro-
bial therapy ( fucidic acid 1500 mg per day, and cotrimoxazole 1600 mg per 
day ) was prescribed. Three weeks later, he developed symptoms consistent 
with severe rhabdomyolysis, confirmed by high serum creatine kinase level 
(56000 UI/L) ( normal limit < 350 UI/L). He could not move his legs and 
arms, and rapidly developed dysarthria, swallowing disorders and dyspnea. 
Extensive investigations ruled out other known causes of polymyositis : ab-
sence of muscle antibodies and histological analysis of muscle biopsy confirm 
toxicity mechanism. Atorvastatin and fucidic acid were discontinued. Eight 
days after discontinuation, his serum creatine kinase concentration fell to 320 
UI/L and the patient was again able to walk.
Less than ten cases involving an interaction between an HMG CoA-reductase in-
hibitor and fusidic acid have been reported. We presume that the most likely cause 
was hepatic inhibition of the CYP3A4 isoenzyme by fucidic acid, resulting in a 
dramatic rise in plasma statin levels and then increase the risk of rhabdomyolysis.
Conclusion: Clinical should be aware of this potential adverse effect between 
acid fucid and statin therapy. The extensive use of statin therapy in patients 
with vascular disease and the frequency of MRSA infections may increase the 
incidence of this presumed drug interaction.
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Opposite changes in enzyme expression of “the sphingolipid rheostat” by 
palmitate and oleate
L. Manukyan, K. Thorn, P. Bergsten; 
Department of Medical Cell Biology, Uppsala University, Sweden.

Background and aims: Development of obesity-induced type 2 diabetes 
mellitus is characterized by rising blood glucose and lipid levels. Long-term 
exposure of β-cells to free fatty acids has negative effects on both function 
and mass especially when combined with elevated levels of glucose. In this 
context, saturated fatty acid palmitate (PA) causes more severe effects and 
rates of apoptosis compared to mono-unsaturated fatty acid oleate (OA). 
When OA is administered together with PA, attenuation or even reversal of 
the negative effects of PA on b-cell function has been observed. One of the 
proposed mechanisms for the negative effects of PA in b-cells exposed to el-
evated levels of glucose is inhibition of fatty acid oxidation causing elevated 
generation of ceramide. Ceramide is a sphingolipid formed either by de novo 
synthesis from palmitate and serine, cleavage of the sphingolipid metabolite 
sphingomyelin or conversion from sphingosine, which is another sphingoli-
pid metabolite. The contribution of ceramide from conversion from sphingo-
sine is the result of the dynamic balance between sphingosine-1-phosphate 
(S1P) and sphingosine. Indeed, the balance between anti-apoptotic S1P and 
pro-apoptotic ceramide/sphingosine (“the sphingolipid rheostat”) is an im-
portant factor determining cell fate. To define how these three different ce-
ramide generation pathways are affected in b-cells exposed to PA, OA or the 
combination of the two, the expression levels of key enzymes of sphingolipid 
pathways were measured.
Materials and methods: Insulin-secreting mouse insulinoma (MIN6) cells 
were cultured for 48 hours in the absence or presence of 0.25 mM palmitate 
(PA), oleate (OA) or PA plus OA (0.25mM each). After culture, expression 
levels of enzymes of sphingolipid metabolism were measured by RT-qPCR.
Results: Prolonged exposure of β-cells to PA resulted in limited rise in ex-
pression levels of some enzymes of ceramide de novo synthesis. With regard 
to expression levels of sphingomyelin cleavage enzymes they were not sig-
nificantly affected in comparison with those measured in control cells. When 
PA was replaced by OA, expression levels of enzymes of ceramide de novo 
synthesis were slightly lower than in control cells. Such reversal of metabolic 
flux towards reduced ceramide production was also observed in the sphin-
gomyelin cleavage pathway of cells exposed to OA. In cells treated with the 
combination of PA and OA, ceramide de novo synthesis was decreased as 
compared to cells exposed to PA alone. Synthesis was still slightly increased 
in comparison with control cells, however. Enzymes catalyzing sphingomy-
elin cleavage were not altered in cells exposed to PA and OA in comparison 
with cells exposed to PA alone. With regard to “the sphingolipid rheostat” PA 
altered the expression of enzymes consistent with shifting the equilibrium 
towards synthesis of pro-apoptotic sphingosine and ceramide. In contrast, 
treatment with OA enhanced expression of enzymes promoting formation 
of anti-apoptotic S1P. After treatment with PA and OA, the equilibrium was 
shifted towards sphingosine formation rather than ceramide as observed in 
the presence of PA alone.
Conclusion: Shifts induced by PA, OA or the combination of the two fatty 
acids primarily in “the sphingolipid rheostat” and to a lesser extent ceramide 
de novo synthesis and ceramide formation from sphingomyelin cleavage are 
proposed to contribute to explain the different effects of the fatty acids on 
the b-cell.
Supported by: Swedish Medical Research Council, Swedish Diabetes Association 
and Swedish Institute
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TBC1D1-dependent regulation of glucose and lipid metabolism in 
cultured C2C12 myotubes
A. Chadt1, F. Carlotti2, R.C. Hoeben2, H.-G. Joost1, H. Al-Hasani1; 
1Department of Pharmacology, German Institute of Human Nutrition, 
Potsdam-Rehbruecke, Nuthetal, Germany, 2Department of Molecular Cell 
Biology, Leiden University Medical Center, Netherlands.

Background: We have recently identified Tbc1d1 as a novel susceptibil-
ity gene for high-fat diet-induced obesity and diabetes in mice. TBC1D1, 
a Rab-GTPase-activating protein (GAP) is homologous to the insulin sig-

nalling protein AS160 (TBC1D4) and has been linked to familial forms of 
human obesity. Recombinant congenic mice lacking Tbc1d1 show reduced 
body weight, decreased respiratory quotient, increased fatty acid oxidation 
and reduced glucose uptake in isolated skeletal muscle. Our results indicate 
that TBC1D1 controls whole body energy homeostasis by reciprocally regu-
lating fatty acid oxidation and glucose use in skeletal muscle. However, the 
molecular mechanism by which TBC1D1 controls fuel metabolism in muscle 
remains unknown. We have therefore investigated the role of TBC1D1 in glu-
cose and lipid metabolism oxidation in cultured C2C12 muscle cells.
Methods: For expression experiments, C2C12 myotubes were either electro-
porated with siRNA or subjected to lentiviral gene transfer. Uptake and oxi-
dation of glucose and palmitate was determined by tracer techniques. Gene 
expression was analyzed by Western Blot and TaqMan-Realtime-PCR.
Results: Tbc1d1 is predominantly expressed in skeletal muscle of mice and 
humans. Consistent with the tissue expression profile, differentiation of 
C2C12 myoblasts into myotubes induces TBC1D1 protein expression ~3-
fold. SiRNA-mediated knockdown of Tbc1d1 significantly increased palmi-
tate uptake and oxidation in C2C12 myotubes by ~25%. Conversely, lentiviral 
overexpression of wildtype Tbc1d1 in C2C12 myotubes led to a concomitant 
reduction of palmitate uptake and oxidation. Interestingly, knockdown of 
Tbc1d1 also significantly increased 2-deoxyglucose uptake by ~40% whereas 
overexpression of Tbc1d1 had the opposite effect. However, overexpression of 
the GAP-inactive mutant, R941K, had no effect on glucose uptake or palmi-
tate uptake and oxidation, respectively, indicating that an intact GAP domain 
is required for the metabolic actions of Tbc1d1. Expression of GLUT1, the 
main glucose transporter in C2C12 cells, was not changed on both mRNA 
and protein levels after overexpression or knockdown of Tbc1d1. In con-
trast, the increased fatty acid combustion in Tbc1d1-depleted myotubes 
was accompanied by substantially increased levels of mRNA for fatty acid 
translocase (Cd36) and long-chain acyl-CoA dehydrogenase (Acadl), and 
elevated expression of genes involved in lipid metabolism including Fabp3, 
Pgc1a, Pdk4, Ucp2 and Ucp3. Importantly, additional knockdown of Cd36 
in Tbc1d1-depleted C2C12 myotubes completely abrogated the increase in 
palmitate uptake.
Conclusion: Our data demonstrate that CD36 is responsible for TBC1D1-
mediated fatty acid uptake in C2C12 cells. Moreover, TBC1D1 exerts control 
on fuel selection and energy metabolism in skeletal muscle at least in part 
through regulating gene expression of key enzymes for lipid uptake and oxi-
dation, including targets for peroxisome proliferator-activated receptor delta 
(Ppard). In contrast to skeletal muscle, lipid and glucose use are not recip-
rocally regulated by TBC1D1 in C2C12 cells. This implicates that TBC1D1 
controls the flux of glucose and lipid through two independent pathways.
Supported by: DFG and EU (EUGENE2, LSHM-CT-2004-512013; SysProt, 
LSHG-CT-2006-37457)
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Beneficial effects of phytosterols isolated from Aloe vera on obesity-
associated metabolic disorders in Zucker diabetic fatty (ZDF) rats
M. Eriko1, M. Tanaka1, K. Nomaguchi1, M. Yamada1, T. Toida1, K. Iwatsuki1, 
T. Kawada2; 
1Morinaga MIlk Industry Co.,Ltd., Zama City 2Kyoto University, Uji City, 
Japan.

Introduction: We have confirmed the hypoglycemic effects of Aloe vera gel 
in db/db mice, an animal model of type II diabetes. We also identified five 
phytosterols (lophenol, 24-methyl-lophenol, 24-ethyl-lophenol, cycloartanol, 
and 24-methylene-cycloartanol) as anti-diabetic compounds from Aloe vera 
gel. In this study, we administered two kinds of the aloe phytosterols, lophe-
nol (Lo) and cycloartanol (Cy) to an obese animal model of type II diabetes, 
Zucker diabetic fatty (ZDF) rats, in order to assess the effects of Aloe phyto-
sterols on hyperglycemia and hyperlipidemia.
Methods: Male ZDF rats (9 weeks old) were orally administered Lo and Cy 
(25 μg/kg/day) once a day everyday for 6 weeks. During treatment, body 
weights, random and fasting blood glucose levels were monitored. After 6 
weeks of treatment, fasted rats were sacrificed, and blood was collected by 
cardiac puncture. Abdominal adipose tissues (epididymal fat, mesenteric fat 
and retroperitoneal fat) were excised and weighed. The biochemical param-
eters of serum were also investigated. Additionally, we analyzed the mRNA 
levels of genes involved in lipid and glucose metabolisms in liver by real-time 
RT-PCR.
Results: ZDF rats exhibit marked obesity, hyperglycemia, hyperlipidemia 
and hyperinsulinemia compared with their lean littermates. In the Lo and 
Cy treatment groups, random and fasting blood glucose levels were lower 
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than the ZDF-control. Consistent with the blood glucose level, hemoglobin 
A1c (HbA1c) percentages were also reduced in aloe phytosterol-treated rats. 
These findings indicated that administration of aloe phytosterols suppressed 
hyperglycemia in ZDF rats. Interestingly, body weights were not affected by 
aloe phytosterol treatments, however the weights of total abdominal fat tis-
sues were significantly lower in ZDF rats with Cy (26.3%) and Lo (27.7%) 
administration compared to those in controls. Additionally, the serum trig-
lyceride level was significantly reduced and adiponectin concentration was 
elevated in aloe phytosterol-treated ZDF rats compared with those in ZDF 
controls. Furthermore, the expression levels of genes involved in lipid and 
glucose metabolisms in liver were changed in the aloe phytosterol-treated 
group compared with those in ZDF controls. Especially, the expression lev-
els of lipogenic enzymes (Fasn, SCD1) and gluconeogenic enzymes (PEPCK 
and G6Pase) were significantly decreased, and the expression of β-oxidation 
enzyme (ACOX) was increased in the aloe phytosterol-treated groups com-
pared with those in ZDF control groups.
Conclusion: Our study showed that aloe phytosterols ameliorated hypergly-
cemia, hyperlipidemia and visceral fat obesity in ZDF rats. In addition, the 
quantitative gene expression analysis of ZDF rats indicated that aloe phyto-
sterols might improve lipid and glucose metabolism in the liver. These find-
ings suggested oral ingestion of aloe phytosterols could be beneficial in pre-
venting and improving metabolic disorders associated with obesity.

707
Acyl CoA-profiling in biological tissues using online SPE-LC-FTMS 
(Orbitrap)
C. Magnes1, M. Suppan1, T.R. Pieber2,3, F.M. Sinner1; 
1Inst. of Med. Technologies and Healthmanagement, Joanneum Research, 
Graz, 2Dep. of Int. Medicine, Medical University of Graz, 3Institute of 
Medical Technologies and Healthmanagement, Joanneum Research, Graz, 
Austria.

Background and aims: Coenzyme A (CoA) activated compounds (e.g. 
malonyl CoA, medium- and long chain acyl CoAs) play a pivotal role in en-
ergy and lipid metabolism. The aim was to develop a robust online-SPE-LC/
FTMS-based method for the quantification of acyl CoAs in a wide range of 
biological tissues. The method should require minimal sample preparation 
and should enable structural analysis to be performed by accurate mass de-
termination in MS and MSn.
Materials and methods: All experiments were carried out on an Ultimate 
3000 (Dionex) comprising an autosampler with cooled tray and a column 
oven with switching unit coupled to an Orbitrap (ThermoScientific). The 
sample extraction procedure comprises three steps: (1) addition of buffer 
and internal standards, (2) homogenization and (3) centrifugation. The 
supernatant is injected directly into the SPE-LC-FTMS system (Online-
SPE-cartridge: Oasis HLB, analytical column: Zorbax C18 Extend). Sam-
ples were loaded onto the SPE-column using 0.1% aqueous formic acid. 
For washing, the acetonitrile content of the SPE-eluent was increased. After 
online-SPE, separation was performed on the analytical column using ac-
etonitrile and water containing 100 mM ammonium hydroxide as solvents. 
Data acquisition was performed in full scan mode using a resolution of 
60.000 FWHM.
Results: A combination of online SPE/LC and high resolution mass spec-
trometry (LTQ Orbitrap XL) was used to identify and to determine the rela-
tive levels of multiple CoA-activated compounds in samples of mouse liver 
and muscle without prior sample extraction and solvent evaporation steps. 
Reproducible ionization efficiency for quantification issues was still achieved 
despite this minimal sample pre-treatment. The selectivity and sensitivity 
provided by the Orbitrap system in full MS-scan mode was moreover com-
parable to that obtained using triple quadropol SRM-Scans and enabled the 
generation of profiles of CoA-activated compounds from less than 10mg 
of tissue. The use of non-targeted, full MS data acquisition and automated 
peak detection, integration, alignment and grouping using the open source 
software XCMS provided data about every detectable metabolite eluted from 
the LC-system: hundreds of features in the LC-MS data including the CoA-
activated compounds were detected in this manner. Identifications were 
confirmed by accurate mass data, data dependent MS/MS scans and reten-
tion times. As well as the above, nine CoA activated compounds (malonyl-, 
acetyl-, C6:0-, C16:0-, C16:1-, C18:0-, C18:1-, C18:2, C20-4) were absolutely 
quantified using calibration standards. Accuracies between 85 and 115% for 
quality control samples (CoAs spiked in tissue homogenates) were achieved 
using internal standards (isotopically labelled for malonyl-CoA and acetyl 
CoA and C17-0 CoA for medium and long chain acyl CoAs).

Conclusion: The developed online SPE/LC-FTMS method enables accurate 
quantification and profiling of acylCoAs in a broad range of different biologi-
cal tissues.
Supported by: The EFRE fonds, Styrian government
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Muscular lipid droplet dynamics: ADRP and OXPAT protein expression 
upon lipid loading in cultured myocytes
M. Bosma1, R. Minnaard2, S. Kersten3, M.K. Hesselink2, P. Schrauwen1; 
1Department of Human Biology, Nutrition and Toxicology Research 
Institute Maastricht (NUTRIM), Maastricht University, 2Department of 
Human Movement Sciences, Nutrition and Toxicology Research Institute 
Maastricht (NUTRIM), Maastricht University, 3Nutrition, Metabolism and 
Genomics group, Division of Human Nutrition, Wageningen University, 
Netherlands.

Background and aims: Type 2 diabetes is associated with elevated intramy-
ocellular lipid levels. Intracellular lipids are stored in lipid droplets (LDs) 
covered with a protein coat comprising of a range of different proteins, de-
pendent on the maturation and metabolic fate of the LD. These LD-coating 
proteins have been mainly studied in adipose tissue; less is known about their 
role in skeletal muscle. Here we aimed to examine the role of LD-coating 
proteins in muscular fat accumulation. To that end, we investigated the ef-
fect of fatty acid (FA) incubation on adipose differentiation-related protein 
(ADRP) and OXPAT protein content in skeletal myotubes. As it is known 
that different types of FAs differentially affect myocellular fat accumulation, 
we investigated the effects of FA-induced myocellular lipid accumulation on 
ADRP and OXPAT protein content.
Materials and methods: C2C12 mouse muscle cells were differentiated into 
myotubes and incubated for 24h with 200 uM oleate, palmitate, eicosapen-
taenoate, or octanoate, in the presence or absence of 1 mM carnitine. Lipids 
were extracted for triglyceride (TG) measurements and ADRP and OXPAT 
protein contents were measured using Western blotting.
Results: As shown in Figure 1, FA incubation led to marked accumulation 
of myocellular TG, which was more pronounced in the absence of carnitine. 
Octanoate did not increase TG and ADRP protein levels and the presence 
of carnitine did not influence TG accumulation and ADRP protein content 
upon eicosapentaenoate incubation. With most FAs, relative ADRP protein 
levels paralleled changes in myocellular TG content. However, oleate incu-
bation in the absence of carnitine resulted in a two-fold larger increase in 
ADRP protein content compared to the increase in TG content. OXPAT pro-
tein content was not increased upon lipid loading, though a small increase 
was observed upon octanoate incubation.
Conclusion: The present study demonstrated parallel changes in TG and 
ADRP upon lipid loading in muscle cells, suggesting a role for ADRP in li-
pid storage in muscle. Only after oleate incubation the induction of ADRP 
protein content was discordant with TG storage. In contrast, OXPAT protein 
levels did not match changes in TG content. Our experiments suggest that 
the roles of ADRP and OXPAT in muscular lipid storage are complex. The 
discrepancies in TG, ADRP, and OXPAT levels might be explained by differ-
ences in the metabolic fate of the type of FA entering the cell. Experiments 
investigating the effects of siRNA-mediated ADRP knockdown on myocel-
lular lipid accumulation and its metabolic consequences (insulin signaling) 
are in progress.
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LPIN1 mRNA levels are more associated with lipogenic/lipolytic genes in 
subcutaneous than in visceral adipose tissue. In vitro lipogenic/lipolytic 
effects on human SGBS adipocytes
M. Miranda1, A. Megía1, E. Caubet2, I. Simón1, M. Wabitsch3,  
J.M. Fernández-Real4, J.M. Gómez5, J. Vendrell1; 
1CIBERDEM. Hospital Universitari Joan XXIII. IISPV, Tarragona, Spain, 
2Hospital Sta Tecla i San Pau, Tarragona, Spain, 3Sektion Pädiatrische 
Endokrinologie u. Diabetologie. Interdisziplinäre Adipositasambulanz., 
Univ. Klinik für Kinder- und Jugendmedizin. Universität Ulm, Germany, 
4CIBEROBN. Hospital Trueta, Girona, Spain, 5Hospital de Bellvitge, 
L‘Hospitalet de Llobregat, Spain.

Background and aims: Adipose tissue dysfunction implies the appearance of 
insulin resistance, partly due to the increased plasma free fatty acids and to 
the lipid accumulation in not fat tissues. Human subcutaneous adipose tissue 
(SAT) LPIN1 mRNA expression is positively associated with insulin sensitiv-
ity and a negative association with the body mass index (BMI) has been de-
scribed. We have analysed the visceral (VAT) and SAT LPIN1 transcription in 
the adipose tissue of a cohort of subjects that includes a wide range of obesity, 
and its relationship with genes involved in lipogenesis and lipolysis. We also 
aimed to analyse LPIN1 mRNA expression in human adipocytes in response 
to lipogenic and lipolytic stimuli.
Materials and methods: Adipose tissue samples were collected from 62 
apparently healthy subjects (38 men and 24 women; mean age 55.5±14.8). 
Anthropometric and metabolic parameters were recorded. Gene expression 
(LPIN1, ACSS2, DGAT1, ACC1, CD36, FABP4, PCK1, ATGL, HSL, PLIN, 
PDE3B, PPIA) was assessed by quantitative real time PCR. SGBS human 
preadipocytes were differentiated to adipocytes and stimulated with insulin/
isoproterenol/TNFα and LPIN1 mRNA levels were quantified.
Results: LPIN1 levels were positively correlated between adipose depots 
(R=0.615, p<0.001) and no differences between SAT and VAT depots was 
observed. Overweight and obese subjects had significant reduced LPIN1 lev-
els in both adipose depots (p<0.01 in SAT and p<0.05 in VAT) and it was 
also decreased in subjects with metabolic syndrome with significant differ-
ences in SAT (p<0.001 in SAT and p=0.052 in VAT). LPIN1 levels negatively 
correlated with waist circumference (p<0.001); BMI, fasting triglycerides 
and insulin levels, HOMA and SBP (p<0.01); and glucose (p<0.05) in SAT, 
whereas in VAT we found negative correlations only with waist (p<0.01), 
BMI and insulin (p<0.05). We found positive correlations between LPIN1 
mRNA levels lipogenic and lipolytic genes. In SGBS adipocites, LPIN1 was 
up- regulated by insulin, whereas lipolytic stimuli (isoproterenol) had no ef-
fect on LPIN1 mRNA levels. On the contrary, TNFα (a pro-inflammatory 
stimuli that is known to induce lipolysis) significantly down-regulated LPIN1 
transcript levels.
Conclusion: Unlike other adipogenic genes that are higher epressed in SAT, 
LPIN1 mRNA levels are comparable between SAT and VAT. Whereas SAT 
showed strong and positive associations with insulin sensitivity and with 
lipogenic/lipolytic genes, VAT only showed moderately association. In vitro 
experiments showed that LPIN1 transcription levels are up-regulated by in-
sulin and down-regulated by TNFα. Insulin resistance and the inflammatory 
milieu that characterize obesity could explain the decreased levels of LPIN1 
mRNA in adipose tissue of obese patients.
Supported by: FIS 07/1024 and FIS 08/1195 from the Spanish Instituto de Salud 
Carlos III
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Effect of 24-hour lipid infusion on adipocyte fatty acid binding protein 
(A-FABP) in patients with type 2 diabetes and healthy subjects
J. Kopecký jr.1, E. Krušinová1, P. Wohl1, L. Kazdová1, P. Mlejnek2, M. 
Pravenec2, T. Pelikánová1; 
1Diabetes Center, Institute for Clinical and Experimental Medicine, 
2Institute of Physiology, Prague, Czech Republic.

Background and aims: Intracellular transporter adipocyte fatty acid binding 
protein (A-FABP) is a) involved in a regulation of lipid metabolism, b) con-
sidered as a marker of the metabolic syndrome and c) thought be involved in 
the development if insulin resistance (IR). Our aim was to evaluate its plasma 
concentrations and expressions in abdominal subcutaneous adipose tissue 
during lipid infusion and consequent hyperlipidemia.
Materials and methods: 11 patients with type 2 diabetes (D) and 9 age-
matched healthy control subjects (C) underwent 24-hour infusion of lipid 

emulsion (Intralipid 20%; 3 g of fat/kg/day; HTG). At 0, 4, and 24 hours A-
FABP plasma concentrations and its mRNA expressions in abdominal subcu-
taneous adipose tissue were assessed. Adipose tissue sample was obtained by 
needle biopsy and mRNA measured by real-time PCR.
Results: In group D vs. C, both higher plasma concentrations (p<0.01) and 
expressions in abdominal subcutaneous adipose tissue (p<0.001) of A-FABP 
were found. During the lipid infusion plasma concentrations of A-FABP de-
creased significantly (p<0.001), with difference in between groups (p<0.01): 
significant decrease in C, only a trend to decrease in D. mRNA expressions 
in abdominal subcutaneous adipose tissue did not change in time in both 
groups.
Conclusion: In patients with type 2 diabetes, both higher plasma concentra-
tions and adipose tissue mRNA expressions of A-FABP were found. During 
lipid infusion induced hyperlipidemia A-FABP plasma concentrations sig-
nificantly decreased in healthy subjects, whereas only a non-significant trend 
was observed in patients with type 2 diabetes.

Time (h) 0 4 24
C Plasma (µg/l) 14.8 ± 6 13,5 ± 4.8 9.9 ± 4

Expression 922 ± 379 1012 ± 439 880 ± 297
D Plasma (µg/l) 27.1 ± 11.5 23.9 ± 7.2 24.8 ± 7.5

Expression 2630 ± 1117 3143 ± 2221 3186 ± 3623
Plasma concentrations and mRNA expressions in abdominal subcutaneous 
adipose tissue. Data shown as average ± SD, expressions presented as an 
A-FABP mRNA / cyclophylin mRNA ratio.

Supported by: MZ CR NR 9359-3/2007
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Hyperlipidaemic conditions induce ‘metabolic memory’ within human 
abdominal subcutaneous adipose tissue and isolated adipocytes, in vivo
A.L. Harte, E.M. Youssef, E.A. Wahba, A.A. Hussen, A. Cerellio, P. O’Hare, 
S. Kumar, P.G. McTernan; 
Unit for Diabetes and Metabolism, University of Warwick, Coventry, United 
Kingdom.

Background and aims: Both chronic hyperlipidemia and hyperglycemia 
are established as key factors in the pathogenesis of obesity mediated dia-
betes. Chronic elevation of free fatty acids (FFAs) and glucose (Glc) appears 
to activate an inflammatory response in multiple cell types; which may be 
compounded by continual feeding. Restoration of physiological FFA and Glc 
levels may not attenuate the original insult on the cell; a finding that has been 
termed ‘metabolic memory’ in other systems. Therefore we investigated (1) 
the effect of FFAs and Glc on the inflammatory signaling pathway in adipose 
tissue (AT) and adipocytes (Ads) (2) whether Ads are subject to ‘metabolic 
memory’.
Materials and methods: Abdominal (Abd) subcutaneous (Sc) AT was col-
lected from patients undergoing elective liposuction surgery (age 45±3.3 yrs; 
BMI: 21.9±2.4 kg/m2; n=6). AbdSc AT explants and Ads were treated with 
chronic low glucose (L-Glc): 5.6mM and high glucose (H-Glc): 7.5mM, with 
low (0.2 mM) and high (2 mM) doses of a palmitate:stearic tri-mix for 48 
hrs. Further, AbdSc AT explants and Ads were also exposed to the aforemen-
tioned treatment regimen for 12hr periods, with alternating rest periods of 
12hrs in L-Glc. Conditioned media were collected and pro-inflammatory 
cytokine secretions were assessed by ELISA. Western blot was utilized to ex-
amine components of the NFκB pathway.
Results: Chronic treatment with L-Glc and high FFAs, H-Glc and high 
FFAs up-regulated key factors of the NFκB pathway in both AbdSc AT ex-
plants and Ads (AbdSc AT explants TLR4, Control: 1.09±0.02, H-Glc & FFA 
(2 mM) 2.00±0.47*; Ads TLR4, Control: 1.04±0.02, H-Glc & FFA (2 mM) 
1.32±0.13*; AbdSc AT explants NFκB, Control: 1.06±0.03, H-Glc & FFA 
(2 mM) 1.44±0.02*; Ads NFκB, Control: 1.04±0.03, H-Glc & FFA (2 mM) 
1.95±0.01*; *p<0.05) whilst MyD88 protein levels remained unchanged. Sim-
ilarly, intermittent treatment with Glc and FFAs increased TLR4 (p<0.05), 
NFκB (p<0.05) and IKKβ (p<0.05) in explants and Ads. However, in contrast 
to chronic treatment, MyD88 protein expression was significantly increased 
(AbdSc AT MyD88, Control: 1.03±0.01, H-Glc & FFA (2 mM) 1.30±0.13*; Ads 
MyD88, Control: 1.04±0.01, H-Glc & FFA (2 mM) 1.67±0.2*). No change in 
JNK2 or JNK1 protein expression was observed across all treatments. Down-
stream both TNF-α (p<0.05), resistin (p<0.05) and IL-6 (p<0.05) secretion 
were markedly increased in chronically treated AbdSc AT explants and Ads 
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whilst, in intermittently treated cells, a metabolic memory effect was noted in 
absence of treatment.
Conclusion: Hyperlipidemia upregulated the innate immune response in hu-
man AbdSc AT explants and Ads with chronic and intermittent exposure. 
AbdSc explants and Ads were subject to ‘metabolic memory’, differentially 
activated by the MyD88 dependent pathway, in contrast to the chronically 
treated cells. This study implicates elevated FFAs as a key instigator of the 
inflammatory response in both AT and Ads, via NFκB, which suggests that 
short-term exposure of cells to uncontrolled levels of FFAs and Glc lead to a 
longer-term inflammatory insult within the Ad. These findings indicate the 
importance of maintaining a low fat diet in order to reduce inflammatory risk 
in patients with obesity and type 2 diabetes.
We would like to acknowledge the BHF for funding Dr. Harte’s intermediate 
fellowship
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Lipid-altering efficacy of ezetimibe/simvastatin 10/20 mg compared to 
rosuvastatin 10 mg in high-risk patients with and without type 2 diabetes 
mellitus
H. Vaverkova1, M. Farnier2, M. Averna3, L. Missault4, M. Viigimaa5,  
Q. Dong6, A. Shah6, A.O. Johnson-Levonas6, P. Brudi7; 
13rd Department of Internal Medicine, Medical Faculty and University 
Hospital Olomouc, Czech Republic, 2Point Medical - Rond Point de 
la Nation, Dijon, France, 32Dipartimento di Medicina Clinica e delle 
Patologie Emergenti-Policlinico “Paolo Giaccone”, Palermo, Italy, 4St Jan 
Hospital, Department of Cardiology, Bruge, Belgium, 5Tallinn University 
of Technology North-Estonia Regional Hospital, Tallinn, Estonia, 6Merck 
Research Labs, Rahway, United States, 7Merck/Schering-Plough, North 
Wales, United States.

Background and aims: This post-hoc exploratory analysis compared the lip-
id-altering effects of switching to ezetimibe/simvastatin (EZE/SIMVA) 10/20 
mg or rosuvastatin (ROSUVA) 10 mg in high-risk hypercholesterolemic pa-
tients (pts) with and without type 2 diabetes mellitus (T2DM).
Materials and methods: In this randomized, double-blind study, 618 high-
risk pts with elevated LDL-C >2.59 and <4.92 mmol/L despite prior use of 
statins entered a 6-wk open-label stabilization/screening period during 
which they continued on the same statin dose prior to enrollment. Pts were 
randomized 1:1 to EZE/SIMVA 10/20 mg or ROSUVA 10 mg for 6 wk. Pts 
were classified as having T2DM based on >1 of the following: prior diagnosis 
of T2DM, use of antihyperglycemic medication or baseline fasting plasma 
glucose >7 mmol/L. The primary endpoint was % change from baseline in 
LDL-C at study endpoint in the overall study population. This post-hoc anal-
ysis evaluated % change from baseline in lipids and % of pts attaining LDL-C, 
non-HDL-C and apo B goals at study endpoint in pts with (n=182) and with-
out T2DM (n=434). Consistency of the treatment effect across subgroups was 
evaluated by testing for treatment × subgroup interaction. No multiplicity 
adjustments were made.
Results: EZE/SIMVA 10/20 mg was more effective than ROSUVA 10 mg at 
lowering LDL-C, TC, non-HDL-C and apo B in the overall population and 
across the subgroups (Table 1). Numerically greater between-treatment re-
ductions in LDL-C, TC, non-HDL-C and apo B were seen in pts with T2DM 
vs those without T2DM. A significant treatment × subgroup interaction was 
observed for LDL-C (p=0.015) suggesting that pts with T2DM achieved larg-
er between-treatment reductions vs. those without T2DM. More pts with and 
without T2DM achieved LDL-C levels < 2.59, < 2.00 and < 1.81 mmol/L, non-
HDL-C < 2.59 mmol/l and apoB < 0.8 g/L with EZE/SIMVA vs ROSUVA.
Conclusion: In this post-hoc analysis of high-risk patients with elevated 
LDL-C despite prior use of statin therapy, switching to EZE/SIMVA 10/20 mg 
vs ROSUVA 10 mg provided superior reductions in LDL-C, TC, non-HDL-C 
and apo B in pts with and without T2DM. 

Between-treatment differences (EZE/SIMVA - ROSUVA; 95% CI) in least squares 
mean % change in efficacy parameters at study endpoint*

Overall Population P value† Without T2DM With T2DM
LDL-C (mmol/L) -10.7 (-14.1, -7.3) <.001 -8.4 (-12.3, -4.6) -18.8 (-27.5, -10.1)
TC (mmol/L) -7.2 (-9.5, -4.8) <.001 -6.4 (-9.1, -3.7) -12.0 (-17.8, -6.3)
HDL-C (mmol/L) -0.9 (-3.2, 1.4) .437 -1.9 (-4.8, 1.0) -1.3 (-6.4, 3.8)
TG (mmol/L)‡ -5.2 (-9.7, -0.4) .053 -4.7 (-10.3, 1.0) -6.2 (-14.7, 2.3)
non-HDL-C 
(mmol/L)

-9.4 (-12.5, -6.3) <.001 -8.0 (-11.6, -4.4) -15.6 (-23.1, -8.1)

apo B (g/L) -8.1 (-10.9, -5.3) <.001 -7.8 (-11.0, -4.5) -11.6 (-18.8, -4.5)
hs-CRP (mg/dL)‡ -6.5 (-16.7, 3.2) .186 -4.8 (-16.8, 7.1) -11.9 (-26.7, 5.2)
apo= apolipoprotein; CI= confidence interval; HDL-C= high-density lipoprotein cho-
lesterol; hs-CRP=high sensitivity C-reactive protein; LDL-C= low-density lipoprotein 
cholesterol; T2DM=type 2 diabetes mellitus; TC= total cholesterol; TG= triglycerides
*Defined as the last available post-baseline value collected during the 6-wk active treat-
ment period
†For treatment difference in overall population
‡Expressed as the difference in median % change from baseline obtained by Hodges-
Lehman estimation

Supported by: Merck Research Labs, Rahway, NJ
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Serum vaspin concentration is associated with metabolic syndrome in 
male subjects
S. Choi1, S. Kwak2, S. Lim1, H. Jang1, I. Lee3, E. Koh4, K. Lee4, K. Park2; 
1Seoul National University College of Medicine, Seongnam, 2Seoul National 
University College of Medicine, 3Kyungpook University School of Medicine, 
Daegu, 4Ulsan University College of Medicine, Seoul, Republic of Korea.

Background and aims: Vaspin (visceral adipose tissue derived serpin) is a 
newly indentified adipokine, serine protease inhibitor family with insulin 
sensitizing effect in animal study. It was expressed in visceral adipose depots 
in OLEF rats and the mRNA expression of vaspin was found in adipose tissue 
only in obese, insulin-resistant human. There were few studies to show the 
clinical impact of vaspin but some suggested its possible role in obesity and 
insulin sensitivity. Thus, we want to investigate which clinical conditions are 
related to serum vaspin concentrations in humans.
Methods: We finally analyzed 403 (male: 202, female: 201) subjects from NGT 
to DM and measured the correlation between various metabolic parameters 
and serum vaspin concentrations (by ELISA kit, Adipogen, Seoul, Korea). 
Multidetector coronary computed tomography (MDCT) was performed for 
estimating coronary atherosclerosis in our subjects.
Results: Serum vaspin concentrations is significantly elevated in female 
compared to male subjects (0.53 (0.04-5.45) vs. 0.44 (0.05-2.51), p<0.05). 
Over age of 50, this difference of serum Vaspin level disappeared between 
male and female. Comparing serum vaspin levels of subjects with NGT vs. 
IGT&DM showed trends of decrement in subjects with IGT&DM in male. 
Serum vaspin concentrations are significantly high in subjects with metabolic 
syndrome (MS) in male (0.40 (0.05-2.51) vs. 0.60 (0.12-2.44, p<0.001) but 
not in female. Serum vaspin concentration is significantly associated with the 
numbers of MS in male. Body mass index, waist circumference, triglyceride 
showed independent predictors for serum vaspin concentration in male, only 
HbA1c showed negative correlation to vaspin levels in female. Serum vaspin 
concentration did not show any association with the status of atherosclero-
sis (coronary calcium score, degree of coronary stenosis, plaque burdens by 
MDCT) in our subjects.
Conclusion: Serum vaspin concentration showed sexual difference, higher in 
female. BMI, waist circumference, triglyceride showed significant correlation 
to vaspin level. Subjects with MS showed higher vaspin concentration than 
subject without MS in male. Paradoxical increase of vaspin concentration is 
associated with MS and glucose intolerance in male subjects, suggests its pos-
sible role in obesity and insulin sensitivity in human.

714
Association of serum visfatin with insulin secretion and sensitivity 
among prediabetic and type 2 diabetic subjects 
Z. Hassan1, F. Kabir2,3, I. Khan1, F.A. Jahan2, M.O. Faruque2, L. Ali2; 
1Dept Physiology and Molecular Biology, BIRDEM, 2Dept of Biochemistry 
and Cell Biology, BIRDEM, 3Dept of Biochemisty, Shahabuddin Medical 
College, Dhaka, Bangladesh.

Background and aims: Insulin resistance in IGT and T2DM subjects have 
been shown to be associated with Visfatin, a cytokine of visceral fat origin. 
The association, however, has been studied only in obese subjects. Since BMI 
is a major confounder of both subclinical chronic inflammation and insulin 
resistance we have explored the association of serum Visfatin with insuline-
mic status in normal to moderately overweight prediabetic and diabetic sub-
jects.
Materials and methods: A group of 75 subjects with impaired glucose regu-
lation (IGR) [mean (±) age 43±7 and BMI 25.3±4.5] and 43 T2DM [43±6 
and 24.9±3.9 respectively] subjects were included in this study and 51 healthy 
subjects [42±5 and BMI 24.5±4.1 respectively] served as control. The three 
groups were matched for age and BMI. Anthropometric features and total 
body fat mass were determined following standard procedure. Glucose and 
lipids were measured by standard methods. Insulin and visfatin were deter-
mined by enzyme linked immunosorbent assay (ELISA). Insulin secretory 
capacity (HOMA%B) and insulin sensitivity (HOMA%S) were calculated by 
homeostasis model assessment (HOMA) using HOMA-Sigma Software. Data 
were analyzed by appropriate univariate as well as multivariate tools.

Results: Mean (±SD) age was, and in the Control, IGR and T2DM groups 
respectively and BMI was, and respectively. Fasting insulin (µU/ml) was 
significantly higher in the IGR and T2DM group compared to the Controls 
(p=0.002 and p<0.001 respectively) but between the IGR and T2DM group 
no significant difference was observed. HOMA%B was significantly lower 
in T2DM compared to the Control (p=0.004) and IGR (p=0.008) groups. 
HOMA%S was significantly lower in the IGR and T2DM groups compared to 
Controls (p<0.001). Fasting visfatin (ng/ml) was 3.1±3.0, 5.6±4.3 and 5.5±4.2 
in the Control, IGR and T2DM respectively. Mean (±SD) visfatin in the IGR 
and T2DM was significantly higher compared to the Control (p=0.002 and 
p=0.006 respectively), but the value was almost similar in the two groups. 
Visfatin did not show any significant correlation with fasting glucose, insulin, 
HOMA%S and HOMA%B. But multinomial logistic regression revealed as-
sociation of serum visfatin with both IGR and T2DM groups (p=0.027 and 
0.033 respectively) when age, BMI and TG were adjusted. On multiple linear 
regression analysis Visfatin was found to be significantly associated with insu-
lin when fasting glucose, age, BMI and TG were adjusted in T2DM (p=0.035) 
but the association was not significant in the Control and IGR groups. Visfa-
tin, however, did not show any association with HOMA%S and HOMA%B in 
any of the three groups when the effect of age, BMI and TG was adjusted.
Conclusion: Visfatin may be associated with prediabetic and diabetic condi-
tions, but it does not seem to be a direct mediator of B cell secretory capacity 
and insulin sensitivity.
Supported by: Bangladesh Diabetic Somity (BADAS), Bangladesh and Interna-
tional Program in the Chemical Sciences (IPICS), Uppsala, Sweden

715
A novel quantitative flow cytometric method for the determination of a 
new adipocytokine, omentin, in human plasma
E. Maratou1, E. Boutati2, M. Peppa2, V. Lambadiari2, T. Economopoulos2,  
G. Dimitriadis2, S.A. Raptis1,2; 
1Hellenic National Center for Research, Prevention and Treatment of 
Diabetes Mellitus and its Complications (HNDC), Athens, 22nd Department 
of Internal Medicine, Research Institute and Diabetes Center, Athens 
University, Greece.

Background and aims: Omentin is a recently described adipocytokine, se-
lectively expressed and secreted from visceral, but not from subcutaneous 
adipose tissue. In vitro studies have shown that omentin increases insulin 
signal transduction by activating Akt/protein kinase B and enhancing insulin 
stimulated glucose transport. Preliminary studies have indicated a possible 
implication of omentin in metabolism. It is of major importance to deter-
mine whether there is any correlation between the plasma levels of circulat-
ing omentin and metabolic disorders such as obesity or type 2 diabetes and 
whether omentin exerts a protective action. The aim of this study was the 
development of a flow cytometric technique that would allow the quantitative 
determination of the circulating omentin.
Materials and methods: Blood (5ml) was withdrawn from 17 healthy women 
(BMI 22.2±4, age 34±9). The levels of circulating omentin in human plasma 
were detected by a novel technique based on the immunological transaction 
of a monoclonal anti-omentin (Ab) antibody (conjugated on the surface of 
capture beads) with omentin. A monoclonal biotin-conjugated Ab (detection 
Ab) was incubated with the capture beads, the test samples/standards and 
streptavidin-phycoeryhtrin reagent to form a sandwich complex. The sam-
ples were then analyzed by flow cytometry (FACS Calibur, BD Biosciences, 
SJ, California USA). The results were quantified by the usage of a standard 
curve. The Mean Fluorescence Intensity of the standards was plotted against 
the concentrations of the standards and the standard curve fitting was per-
formed by the GraphPad Prism software (GraphPad Software Inc, San Diego, 
USA). Omentin plasma levels were interpolated from the standard curve. 
The omentin plasma levels versus waist circumference, HOMA, BMI, waist 
to hip ratio (w/h) were statistically tested for linear correlation (Pearson r) by 
GraphPad Instat.
Results: The introduced method has allowed the measurement of the plasma 
omentin in 17 women (average level 106±59ng/ml, range 20-250ng/ml). The 
omentin levels were negatively correlated with BMI (r =-0.56, P= 0.019), 
HOMA (r =-0.55, P= 0.019), waist circumference (r= -0.55, P= 0.021) and w/
h ratio (r = -0.55, P = 0.021). These parameters are indicators of the metabolic 
status and reflect the distribution of the adipose tissue.
Conclusion: Our results lead to the conclusion that omentin plasma levels 
decline as deposition of fat in the waist line increases. This decrease may con-
tribute to the insulin resistance observed in obesity, diabetes and generally in 
metabolic syndrome. Additionally, the measurements prove that the intro-
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duced flow cytometric technique produces results similar to those produced 
by the classical method of quantitative western blotting assay. The advantag-
es of the flow cytometric technique are the easiness of handling, the small 
amount of required blood, and the fact that the results are rapidly produced 
without compromising specificity and accuracy. This experimental approach 
permits the determination of this newly discovered adipokine in a large sam-
ple size of humans, in order to clarify the physiological role of omentin.

716
Association of plasma retinol binding protein 4 with insulin secretion 
and sensitivity among prediabetic subjects
F. Kabir1,2, M.O. Faruque1, I. Khan3, F.A. Jahan1, Z. Hassan3, L. Ali1; 
1Dept of Biochemistry and Cell Biology, BIRDEM, 2Dept of Biochemisty, 
Shahabuddin Medical College, 3Dept of Physiology and Molecular Biology, 
BIRDEM, Dhaka, Bangladesh.

Background and aims: Retinol binding protein 4 (RBP4) is now thought to 
be an important molecule in the pathogenesis of insulin resistance in T2DM, 
but the causal association of the adepocytokine with the basic defects of 
T2DM (insulin secreatory defect and insulin resistance) are still not settled. 
An investigation of this molecule in prediabetic subjects can help in better 
understanding of this association. We have studied a group of IGR (IFG, IGT 
and IFG-IGT) cases for the relationship of RBP4 with glycemic and insuline-
mic status.
Materials and methods: A total 75 IGR subjects [17 IFG, 44 IGT and 14 IFG-
IGT] were recruited purposively and 51 healthy subjects served as control. 
Anthropometric measures and total body fat mass were determined. Glu-
cose and lipids were measured by standard biochemical methods. Insulin and 
RBP4 were estimated by using enzyme linked immunosorbent assay (ELISA). 
Insulin secretory capacity (HOMA%B) and insulin sensitivity (HOMA%S) 
were determined by homeostasis model assessment (HOMA) using HOMA-
Sigma software. Data were analyzed by appropriate univariate as well as mul-
tivariate tools. 
Results: The study subjects in the four groups were age- and BMI- matched. 
Waist to hip ratio and total body fat mass among the groups did not show 
statistical difference between groups. Fasting triglyceride was significantly 
higher in the IFG, IGT and IFG-IGT groups compared to Controls (p=0.002, 
<0.001 and 0.013 respectively). Mean HDL was significantly lower in IGT 
group compared to the Controls (p=0.009). Fasting insulin (µU/ml) in the 
IGT and IFG-IGT groups was significantly higher compared to the Controls 
(p=0.002 and 0.017 respectively). HOMA%B was 107±25, 76.5±18, 126±44 
and 78.9±17 in Control, IFG, IGT and IFG-IGT- respectively; the value was 
significantly lower in IFG and IFG-IGT groups (p<0.001 for both) and higher 
in IGT (p=0.019) compared to the Control. HOMA%S was 81.9±18, 72.3±23, 
67.7±18 and 62.3±17 in Control, IFG, IGT and IFG-IGT-respectively; which 
was significantly lower in the IGT and IFG-IGT groups compared to Con-
trols (p<0.001 and p=0.001 respectively). Fasting RBP4 (µg/ml) was 30.4±6.1, 
32.2±10.9, 36.7±9.0 and 35.5±7.6 in Control, IFG, IGT and IFG-IGT- respec-
tively; it was significantly higher in IGT and IFG-IGT groups compared to 
the Controls (p<0.001 and p=0.011 respectively). RBP4 levels did not show 
any significant difference between the IFG and the Control groups. When 
the study subjects were categorized on the basis of 75th percentile of plasma 
RBP4, insulin level was found significantly higher (p=0.028) and HOMA%S 
lower (p=0.008) in the group with higher RBP4 compare to lower RBP4 
group. HOMA%B, however, did not show any difference between the groups. 
In binary logistic regression analyses RBP4 showed association with IGR 
(IFG, IGT and IFG-IGT pooled together) group (p=0.001) after adjusting 
the confounding factors (age, BMI and WHR). Multiple linear regression 
analyses showed that RBP4 affected both HOMA%B (β=0.308, p=0.012) and 
HOMA%S ((β=-0.283, p=0.020) when the effect adjusted for age, BMI and 
WHR.
Conclusion: The present data indicate that RBP4 may have a causal associa-
tion with type 2 diabetes mellitus.
Supported by: Bangladesh Diabetic Somity (BADAS), Bangladesh and Interna-
tional Program in the Chemical Sciences (IPICS), Uppsala, Sweden

717
Relationship of Retinol binding protein-4 with insulin sensitivity and 
intima media thickness in women with untreated essential hypertension
E. Muscelli, E. Santini, S. Madec, C. Rossi, A. Solini; 
Department of Internal Medicine, University of Pisa, Italy.

Background and aims: Retinol binding protein-4 (RBP4) is a novel adipok-
ine able to modulate the action of insulin in several tissues. A variable degree 
of insulin resistance characterizes the vast majority of hypertensive patients. 
Aim of the present study was to evaluate the relationship between RBP4 and 
essential hypertension, exploring potential links between RBP4, other adi-
pokines and insulin sensitivity with some proxies of early vascular damage in 
female, naïve for treatment, hypertensive patients.
Materials and methods: Serum RBP4, leptin, adiponectin and resistin levels 
were determined in 35 normotensive (CT - 46.9 ± 6.3 years; BMI 25.7 ± 1.4 
kg/m2) and in 35 hypertensive (HYP - 47.4 ± 5.0 years; BMI 25.0 ± 1.6 kg/
m2) women with normal glucose tolerance by OGTT. Carotid intima-media 
thickness (IMT) was measured using high-resolution B-mode ultrasound. 
Insulin sensitivity was estimated from the plasma glucose and insulin re-
sponses by the Oral Glucose Insulin Sensitivity (OGIS) index.
Results: All participants had normal glucose tolerance. Mean IMT was 0.499 
± 0.127 mm in CT and 0.543 ± 0.148 mm in HYP (p=ns). In HYP, RBP4 
levels were markedly higher than in CT (37.1 ± 1.6 vs. 11.1 ± 0.77 μg/ml; 
p<0.0001), and adiponectin levels were slightly but significantly lower (5.6 
± 0.2 vs. 6.2 ± 0.2 μg/ml, p<0.05). No differences were observed in resistin 
and leptin concentrations. Fasting glucose was similar (4.7 ± 0.6 vs. 4.7 ± 0.4 
mmol/l) as well 2-h glucose (6.2 ± 0.7 vs. 6.0 ± 0.8 mmol/l), insulin (108 ± 38 
vs. 98 ± 40 pmol/l) and OGIS (492 ± 49 vs. 492 ± 45ml/min/m2). In the whole 
study group, a strong linear relationship was observed between IMT value 
and both RBP4 (Rho 0.32, p=0.008) and resistin (Rho 0.34, p=0.005); there 
was a trend to correlate with OGIS (Rho 0.22, p=0.07), but not with fasting 
glucose and insulin or adiponectin. RBP4, resistin, mean blood pressure and 
triglycerides were, actually, the only variables independently related to IMT 
(r2=0.30; p=0.0002) by multiple regression analysis.
Conclusion: In non-obese, non-diabetic naïve hypertensive women, RBP4 
levels are increased and correlate with the degree of intima-media thickness, 
suggesting a participation of this adipocytokine in the modulation of the 
atherosclerotic process exerted by the adipose tissue as endocrine organ.

718
Apelin regulates luminal intestinal glucose absorption through AMPK 
dependent mechanisms
R. Ducroc1, C. Dray2, Y. Sakar1, D. Daviaud2, P. Valet2, I. Castan-Laurell2; 
1Neuroendocrinologie et Physiologie Digestive, Inserm U773, Paris, 2Institut 
de Médecine Moléculaire de Rangueil, I2MR, Inserm U858, Toulouse, 
France.

Background and aims: Intestinal absorption of carbohydrate-digested prod-
ucts by the small intestine constitutes one highly regulated way to deliver 
glucose to the blood. Glucose absorption is mainly driven by sodium glucose 
transporter 1 (SGLT-1) in preprandial and interprandial states, and requires 
further assistance of GLUT2 transporter in brush-border membrane (BBM) 
upon ingestion of sugar-rich meal. This process is highly regulated by peptides 
and hormones. As other adipokines/gut peptides (ie leptin, resistin β) apelin 
is produced by proximal digestive cells and secreted in the lumen where it is 
believed to bind specific receptor APJ in apical membrane of enterocyte. Here 
we examined whether apelin can act from luminal side of intestine to regulate 
glucose absorption and which are the intracellular mechanisms involved in 
this regulation.
Materials and methods: Male C57Bl6J mice were used. Specimen of jejunal 
mucosa were prepared for immunohistochemical analysis of AJP. Proximal 
intestine from fasted mice was isolated in Ussing chamber and glucose ab-
sorption was measured after 10 mM glucose challenge as Na+-induced short-
circuit current (Isc) that sustains glucose entry through SGLT-1. Apelin (0.01 
nM-1 µM) was added into luminal reservoir 3 min before glucose challenge. 
Jejunal loops were also prepared to quantify in vitro transepithelial transport 
of 14C glucose in absence and presence of luminal apelin (1 nM). The GLUT2 
and SGLT-1 proteins abundance in BBM and phosphorylation status of 
AMPK were studied by western blot after in vivo incubation of jejunal loops 
with apelin and/or 30 mM glucose.
Results: Mice proximal mucosa was immunohistochemically reactive for 
APJ. Apelin receptor was found expressed predominantly in villi. In Ussing 
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chamber, luminal apelin dose-dependently inhibited glucose-induced Isc 
(IC50 ~1 nM). This inhibition of SGLT-1 activity was maximal at 100 nM, 
and blocked by preincubation with a monoclonal antibody to the peptide. 
Accordingly, glucose-induced abundance of SGLT-1 in BBM was blunted 
after rapid incubation of jejunal loops with 1 nM apelin. At the same time, 
apelin enhanced glucose-induced abundance of GLUT2 in BBM that is a hall-
mark of AMPK stimulation. Thus we further examined the effect of apelin on 
AMPK. Total proteins from the same cells indicated this was associated with 
a rapid phosphorylation of AMPK. The result of this dual effect of apelin on 
transporters resulted in a 15% increased of the glucose transepithelial trans-
port without change in mannitol permeability.
Conclusion: Apelin was previously shown to restore glucose tolerance and 
increase glucose utilization. Here we demonstrate that apelin, as a gut pep-
tide, may bind APJ receptors at enterocyte BBM to rapidly balance glucose 
transport in response to alimentary sugars. As SGLT-1 cotransports water, 
apelin-induced regulation of glucose transport could ameliorate osmotic bal-
ance when luminal glucose increases. These data give new insight on apelin 
role, as a strong physiological regulator of glucose homeostasis in peripheral 
tissues.

719
The human adiponectin receptor R2 is expressed predominantly in 
adipose tissue and linked to the adipose tissue expression of MMIF-1
K.T. Kos1, S. Wong1, M. Jernas2, D. Kerrigan3, L. Carlsson2, J.P.H. Wilding1, 
J.H. Pinkney4,1; 
1Diabetes and Endocrinology, Clinical Sciences Aintree, Liverpool, United 
Kingdom, 2Department of Molecular and Clinical Medicine, Sahlgrenska 
Academy, Gothenburg, Sweden, 3Surgery, Clinical Sciences Aintree, 
Liverpool, United Kingdom, 4Diabetes Research, Royal Cornwall Hospital, 
Truro, United Kingdom.

Background and aims: Expression of adiponectin (ADN) receptors in hu-
man adipose tissue (AT) in relation to inflammatory cytokines is poorly un-
derstood. The aim of this study was to describe the regional AT-ADN and 
ADN receptor R1 and R2 expression and their relation with metabolic pa-
rameters, circulating and AT-derived cytokines and chemoattractants.
Materials and methods: Paired subcutaneous (SCAT) and visceral AT (VAT) 
was taken from 18 lean and 39 obese humans, mRNA expression of adipok-
ines and cytokines analysed by rt-PCR and corresponding serum levels by 
ELISA. R1 and R2 adipose expression was compared with the distribution in 
17 other human tissues.
Results: ADN gene expression was lower in VAT than SCAT (mean (SD) 
1.54(1.1) vs 2.84(0.87); p<0.001), and lower in obese subjects (VAT:p=0.01;SCAT: 
p<0.001). SCAT-ADN correlated positively with serum ADN (r=0.33; p=0.036) 
but not VAT. There were inverse correlations between AT-expression of ADN 
and MMIF, IL18 and CD14 in both depots. R1 and R2 genes were expressed 
ubiquitously and R2 expression was highest in AT and this in adipocytes. Both 
receptors were expressed in VAT and SCAT, but R2 was the predominant re-
ceptor (X10); levels were similar in lean and obese subjects and unrelated to 
the metabolic syndrome, however, receptors correlated with expression of 
VAT-MMIF (R1:r=0.4;p=0.008; R2:r=0.35,p=0.02) and SCAT-MMIF (R2:
r=0.43;p=0.004)and SCAT-R2 correlated with TNFα (r=0.30, p=0.05).
Conclusion: Unlike the protein adiponectin, its receptors R1 and R2 are 
ubiquitously expressed and R2 expression is highest in AT and not in the 
liver like in rodents. R2 expression in adipose tissue is associated with MMIF 
and TNF-alpha expression and may thus be under the influence of local in-
flammation in adipose tissue. This may potentially be mediated by obesity-
induced hypoxia in AT which is known to reduce ADN and may also increase 
adiponectin receptor expression and which requires further investigation.
Supported by: Diabetes UK and University of Liverpool

720
HMW-adiponectin associates with triglyceride concentrations in type 1 
diabetic patients
C. Maruyama1, R. Ishibashi1, R. Araki1, H. Hirose2, T. Maruyama3; 
1Food and Nutrition, Japan Women’s University, Tokyo, 2Internal medicine, 
Keio University, Tokyo, 3Internal Medicine, Saitama Social Insurance 
Hospital, Japan.

Background and aims: Recent studies have observed higher adiponectin 
concentrations in patients with type 1 diabetes, compared with healthy sub-

jects, but no correlation with plasma glycemic parameters.The objective of 
this study was to investigate relation between serum high molecular weight 
(HMW)-adiponectin concentration and fasting and postprandial blood glyc-
emic and lipid parameters in type 1 diabetic patients.
Materials and methods: Type 1 diabetic patients treated with short-acting 
insulin analogs and healthy volunteers were recruited. The subjects were di-
vided into two groups based on the mean HMW-adiponectin value of 12.2 
mg/L: low HMW-adiponectin (men/women=7/2) and high HMW-adiponec-
tin (men/women=3/8). Blood samples were collected after an overnight fast, 
and 30-180 min after consuming white bread (B) or white bread with butter 
(BB).The insulin dose injected for the BB meal should have been the same as 
that for the B meal.
Results: Mean HbA1c in patients with low and high HMW-adiponectin were 
6.8 ± 0.8 % and 6.8 ± 0.9 %, respectively, and C-peptide concentrations also 
showed similar low levels in the two groups. Onset age and duration of diabe-
tes did not differ between the two diabetic groups. BMI did not differ among 
the three groups. Type 1 diabetic patients with high HMW-adiponectin had 
lower triglyceride and remnant like particle (RLP)-triglyceride concentra-
tions compared with those with low HMW-adiponectin (p<0.01), and had 
higher lipoprotein lipase mass (p<0.01) than healthy subjects (men/women 
=8/6). After the B and BB meals, type 1 diabetic patients with high HMW-
adiponectin consistently had lower triglyceride and RLP-triglyceride concen-
trations up to 180 min than those with low HMW-adiponectin and healthy 
subjects (p<0.01) (Figure). However, apoB48 did not differ between these 
two groups. Fasting and postprandial plasma glucose were higher in both 
diabetic groups than in healthy subjects (p<0.001), with no significant dif-
ference between the patient groups.Multiple regression analysis resulted, log 
HMW-adiponectin was an independent negative predictor of fasting plasma 
glucose (beta coefficient -0.487, p=0.036) but not of fasting triglyceride and 
postprandial log areas under the curve (AUC) triglyceride in healthy sub-
jects. However, in the diabetic patients, no independent predictor of any fast-
ing glucose or AUC plasma glucose was observed, but log HMW-adiponectin 
was an independent negative predictor of log fasting triglyceride (beta coef-
ficient -0.563, p=0.012), and log AUC triglyceride after both B (beta coef-
ficient -0.584, p=0.009) and BB meal consumption (beta coefficient -0.666, 
p=0.002).
Conclusion: HMW-adiponectin is more strongly associated with very low 
density lipoprotein remnant metabolism than glucose utilization in type 1 
diabetic patients receiving short-acting insulin analogs.
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721
Profiling of adipokine secretion by adipose tissue in transgenic mice with 
homotopic overexpression of adiponectin
Q. Ge, L. Noel, E. Maury, L. Rycken, S. Brichard; 
Unité d’Endocrinologie et Métabolisme, l’Université Catholique de Louvain, 
Bruxelles, Belgium.

Background and aims: We have generated a transgenic (Tg) mouse model al-
lowing persistent and moderate overexpression of native adiponectin (ApN) 
targeted to white adipose tissue [the transgene being placed under control of 
aP2 (fatty-acid binding protein) promoter]. Adiposity was reduced in aging 
mice fed a high-sucrose diet and this anti-obesity effect favored enhanced in-
sulin sensitivity and improved lipid profile. APN appears to be a potent regu-
lator of other adipokines. We took advantage of this unique in vivo model 
to study the influence of APN on adipokine secretion profiling. In order to 
investigate the early and specific effects of APN, mice were studied before any 
significant decrease of fat mass or glycemia and circulating lipids occurred.
Materials and methods: 10-wk-old Tg mice receiving a high-sucrose-diet 
were compared to wild-type (WT) littermates. Subcutaneous adipose tissue 
was fractionated into adipocytes (A) and stromal-vascular (SV) cells (i.e. 
non-fat cells that contain macrophages), which were then cultured for 8 h. 
Medium was screened by medium-scale protein arrays allowing the simulta-
neous detection of 144 cytokines. Gene expression of some adipokines was 
measured by RTQ-PCR.
Results: As expected, ApN expression was much higher (30-fold) in A than 
in SV cells of WT mice, while leptin was virtually undetectable in the SV 
fraction. ApN was overexpressed in both cellular fractions of Tg mice, in line 
with the fact that aP2 is co-expressed in adipocytes and macrophages (but 
at a much lower extent in the latter cells). By using cytokine antibody ar-
rays, we detected more than 40 cytokines secreted by each cellular fraction 
of WT and Tg mice. Profiling of adipocyte secretory products showed that 
9 adipokines were less secreted by Tg than WT mice: one chemokine (regu-
lated upon activation normal T-cell expressed and secreted, RANTES), three 
pro-inflammatory cytokines (IL-6, IL-17B, IL-21), two extracellular matrix 
remodeling-/growth arrest-factors and three hematopoietic growth factors 
(one for megakaryocytes, thrombopoietin; the other two for granulocytes 
and/or macrophages, GM-CSF/ G-CSF). Profiling of SV cell products showed 
that 13 peptides were differentially secreted between Tg and WT mice, with 
usually stronger genotype differences than those observed in adipocytes. 
Thus, secretion of 12 peptides was downregulated, while one was upregulated 
in Tg mice. Hyposecreted factors include five adipokines that were also re-
duced in adipocytes (RANTES, IL-6 and the 3 hematopoietic growth factors) 
together with another chemokine, four other pro-inflammatory cytokines/
factors (comprising two adhesion molecules), one receptor for an angiogenic 
factor (VEGF R1), and one factor involved in lipid metabolism (fatty acid 
translocase). We also found that the secretion of one anti-inflammatory fac-
tor (IL-R4, which is an IL1-receptor family member) was increased by SV 
cells of Tg mice.
Conclusion: At the onset of overexpression, ApN reduced the secretion of 9 
to 12 inflammatory adipokines in each cellular fraction of adipose tissue in 
Tg mice, while upregulating the secretion of one anti-inflammatory factor. 
Thus, ApN induced a shift of the immune balance in both adipocytes and SV 
cells toward a less inflammatory phenotype, with a greater effect on SV cells. 
These adipokines, which are newly identified as downstream targets of ApN 
ex vivo, may have therapeutic potential for the management of the metabolic 
syndrome.

722
Regulation of the expression of angiopoietin-like protein 4 mRNA in 
diabetic mice
N. Mizutani, N. Ozaki, Y. Seino, T. Fukuyama, E. Sakamoto, Y. Oiso; 
Nagoya University Graduate School of Medicine, Japan.

Background and aims: Angiopoietin-like protein 4 (Angptl4) is mainly se-
creted from the liver and adipose tissue. It inhibits lipoprotein lipase activity, 
thereby causing an increase in the serum triglyceride level. The expression 
and plasma levels of Angptl4 are increased by fasting and decreased by feed-
ing. We have recently shown that insulin negatively regulates Angptl4 mRNA 

expression in 3T3-L1 adipocytes, suggesting that insulin plays an important 
role in the regulation of Angptl4 expression. In this study, we aim to elucidate 
the regulation of Angptl4 expression in diabetic states.
Material and methods: Type 1 diabetes was induced in C57BL/6 mice by 
treating with streptozotocin (STZ). As a model of type 2 diabetes, the mice 
were fed with a high-fat diet (HFD) for 18 weeks. We determined Angptl4 
mRNA expression by using a quantitative real-time PCR method and com-
pared it with 36B4 mRNA expression.
Results: When compared with the normal mice, the STZ diabetic mice 
showed significantly higher serum glucose and triglyceride levels. The level of 
Angptl4 mRNA expression in the STZ diabetic mice had increased by 2.23 ± 
0.47 fold in the liver (p < 0.05), 2.00 ± 0.37 fold in white adipose tissue (WAT) 
(p < 0.05), and 1.79 ± 0.26 fold in brown adipose tissue (BAT) (p < 0.05) when 
compared with the corresponding values in normal mice. Furthermore, this 
effect was attenuated by the administration of insulin. In the HFD diabetic 
mice, a significant increase in insulin resistance and triglyceride level was 
observed at 18 weeks. The level of Angptl4 mRNA expression in the HFD 
diabetic mice was increased by 2.15 ± 0.30 fold in the liver (p < 0.005), 1.68 
± 0.27 fold in WAT (p < 0.05), and 1.77 ± 0.31 fold in BAT (p < 0.05) when 
compared with the corresponding values in the normal chow-fed mice.
Conclusion: Thus, the level of Angptl4 mRNA expression was increased in 
both the insulin-deficient and insulin-resistant diabetic states, thus indicating 
that insulin negatively regulates Angptl4 mRNA expression in the liver and 
adipose tissue of diabetic mice.

723
Nε-(Carboxymethyl)lysine trapping in adipose tissue in obesity: 
implications for obesity-associated changes in adipokine expression
K. Gaens1, M.P.H. van de Waarenburg1, J.L.J. Scheijen1, H.W.M. Niessen2, 
M.C.G. Brouwers1, S.S.M. Rensen3, W.A. Buurman3, J.M. Greve3,  
M.A.M. van Zandvoort4, C.D.A. Stehouwer1, C.G. Schalkwijk1; 
1Internal Medicine, Maastricht University Medical Center, 2Pathology, 
VU Medical Center, Amsterdam, 3General Surgery, Maastricht University 
Medical Center, 4Biomedical Engineering, Maastricht University Medical 
Center, Netherlands.

Background and aims: Obesity is linked to a wide variety of pathophysi-
ological conditions. Dysregulated production of adipokines is associated with 
obesity and provides a link between obesity and obesity-related complica-
tions. Factors that lead to a dysregulated production of adipokines remain 
unknown. We hypothesize that accumulation of the advanced lipoxidation 
endproduct Nε-(carboxymethyl)lysine (CML) in adipose tissue contributes 
to the altered expression of adipokines in obesity.
Materials and methods: Accumulation and localization of CML in adi-
pose tissue of obese patients was assessed by immunohistochemistry using 
a CML specific antibody. Colocalization studies of CML with macrophages 
(CD68) and endothelial cells (CD31) were performed. Plasma levels of pro-
tein-bound CML were measured by UPLC-tandem MS in controls (n=77), 
familial combined hyperlipidaemia (FCHL, n=42) and obese patients (n=44). 
Blood clearance of fluorescently labeled CML-albumin was compared with 
unmodified-albumin in Db/Db mice at different time periods. Uptake of flu-
orescently labeled CML-albumin and unmodified albumin in adipose tissue 
was assessed with two-photon microscopy. To examine the biological effects 
of CML in adipose tissue, preadipocytes were incubated with CML-albumin, 
and changes in gene expression of plasminogen activator inhibitor-1 (PAI-1), 
IL-6 and the receptor for AGE (RAGE) were analyzed by Real Time PCR.
Results: Immunohistochemistry showed the presence of CML in adipocytes, 
macrophages and endothelial cells of adipose tissue of obese patients. CML 
staining was significantly higher in visceral (VAT) than in subcutaneous adi-
pose tissue (SAT) (IH score 1.50±0.21 and 1.26±0.20, resp, p<0.001). Plasma 
CML levels were lower in obese (1.3±0.2 μM, p<0.001) and FCHL patients 
(1.3±0.3 μM, p<0.001) as compared with controls (1.9±0.5 μM). Weight re-
duction in obese patients led to an increase of plasma CML levels (p=0.01). 
CML plasma levels were negatively correlated with BMI (r=-0.475, p<0.001), 
and VAT (r=-0.548, p<0.001), but not with SAT (r=-0.148, p=0.238). This 
suggested an accumulation and trapping of plasma CML in VAT of obese 
patients. Experiments in Db/Db mice showed higher clearance of CML-al-
bumin than unmodified albumin, and preliminary results of two-photon mi-
croscopy showed accumulation of CML-albumin, but not albumin, in VAT of 
Db/Db mice. Incubation of human preadipocytes with CML-albumin during 
24h and 48h had no effect on gene expression of IL-6, PAI-1 and RAGE, while 
an incubation of 72h increased their expression by 2.4-, 1.8- and 4.9-fold, 
respectively.
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Conclusion: We demonstrated the accumulation of CML in VAT of obese 
patients. Plasma CML levels are lower in obese patients as compared with 
controls. The inverse relation between CML plasma levels and VAT suggests 
trapping of CML in VAT, which was shown in Db/Db mice. The increased 
pro-inflammatory gene expression after incubation of preadipocytes with 
CML-albumin supports our hypothesis that CML has biological effects re-
garding the dysregulation of adipokines.
Supported by: Dutch Diabetes Research Foundation
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AQP7 gene expression profile in context of obesity and type 2 diabetes 
mellitus. Relationship with lipogenic and lipolytic genes in subcutaneous 
and visceral fat
V. Ceperuelo-Mallafré1,2, M. Miranda1,2, M.R. Chacón1,2, E. Caubet3,  
E. Solano1, I. Simón1,2, J. Fernandez-Real4,5, J. Vendrell1,2; 
1Research Department, University Hospital Joan XXIII, Tarragona, , 
2CIBERDEM, Tarragona, 3Surgery Service. Hospital de Sta. Tecla. Tarragona, 
4Diabetes Unit. University Hospital “Dr. Josep Trueta”, 5CIBEROBN, Girona, 
Spain.

Background: Adipose tissue is a dynamic organ in which a balanced activ-
ity between lipogenesis and lipolysis is crucial for adequate energy equilib-
rium. Lipolysis results in the hydrolysis of triglycerides to free fatty acids and 
glycerol, which is specifically transported outside the cell by the Aquaporin-7 
(AQP7) channel. Modulation of AQP7 expression has been suggested to play 
a role in the development of obesity and insulin resistance in rodents. No 
data about the relationship between lipogenic, lipolytic and inflammatory 
gene markers in the setting of obesity and tpe 2 diabetes has been reported 
in humans.
Aims: We have studied AQP7 mRNA expression in adipose tissue from obese 
and type 2 diabetic patients and its relationship with lipogenic, lipolytic and 
adipokine gene expression, both in subcutaneous (SAT) and visceral (VAT) 
fat depots. Likewise, regulation on AQP7 expression by lipolytic and lipo-
genic stimuli were analysed in a human preadipocyte cell line (SGBS).
Materials and methods: 73 subjects were included in the study (19 lean, 28 
overweight, and 15 obese subjects). We also included 11 patients with type 2 
diabetes. Clinical and anthropometrical variables were measured in all sub-
jects. Biochemical and metabolic parameters were quantified. Gene expres-
sion of AQP7, ACC1, ACSS2, DGAT1, PEPCK, FABP4, PLIN, ATGL, HSL, 
APM, PPAR (α,δ,γ) and PPIA were quantified by Real-time PCR. Human 
SGBS preadipocytes were differentiated and cultured overnight in serum-free 
medium. Cells were stimulated with several doses of insulin and isoproter-
enol (0 up to 100 nM) for 24h and AQP7 gene expression was measured.
Results: Obese subjects shown higher VAT AQP7 mRNA expression than 
overweight patients (p=0.006). No differences in SAT AQP7 gene expres-
sion were found according BMI. In patients with type 2 diabetes, higher VAT 
AQP7 expression was observed when comparing with their BMI-matched 
non-diabetic counterparts (p=0.018). AQP7 both in SAT and VAT depots 
correlated positively with APM, genes related with lipogenesis, lipolysis, FFA 
transport and with the three members of the PPAR family. The independ-
ence of the associations was evaluated by linear regression analysis, including 
sex and presence of type 2 diabetes as confounding variables: In SAT, AQP7 
mRNA expression was positively associated with APM (B=0.380, p=0.000), 
PPARγ (B=0.768, p=0.000), ACC1 (B=0.162, p=0.004) and negatively with 
PEPCK mRNA (B=-0.055, p=0.017). In VAT AQP7 mRNA expression was 
determined by BMI (B=0.298, p=0.043), PLIN (B=0.283, p=0.038), FABP4 
(B=0.413, p=0.000) and ATGL mRNA expression (B=0.298, p=0.043). Treat-
ment of SGBS adipocytes with 100 nM insulin and 100 nM isoporterenol for 
24 h inhibited significantly AQP7 gene expression by 60% and 40%, respec-
tively.
Conclusion: AQP7 shows a different pattern of gene expression in SAT than 
in VAT depots. VAT from obese and type 2 diabetic patients show higher 
AQP7 mRNA expression levels. A strong interdependence with lipogenic and 
lipolytic genes was observed. A paradoxical inhibitory response in adipocytes 
is observed both with lipogenic and lipolytic stimulus.
Supported by: Grant FIS 07/1024
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Circulating and adipose tissue gene expression of zinc-alpha2-
glycoprotein in obesity. Its relationship with adipokyne and lypolitic 
gene markers in subcutaneous and visceral fat 
S. Näf1, V. Ceperuelo-Mallafré1, X. Escoté1, E. Caubet2, J.M. Gómez3,  
M. Miranda1, M.R. Chacón1, J.M. González-Clemente4, J.M. Fernández-
Real5, L. Gallart1, C. Gutierrez1, J. Vendrell1; 
1Endocrinology and Diabetes Unit, University Hospital of Tarragona Joan 
XXIII, CIBERDEM, Tarragona, 2Diabetes Surgery Service, Santa Tecla 
Hospital, Tarragona, 3Endocrinology and Diabetes Unit, University Hospital 
of Bellvitge, CIBERDEM, Barcelona, 4Diabetes Endocrinology and Nutrition 
Department, University Hospital of Sabadell Parc Taulí, 5Department of 
Endocrinology, Diabetes and Nutrition, University Hospital of Girona Dr. 
Josep Trueta, CIBEROBN, Girona, Spain.

Background and aims: Zinc-alpha2-glycoprotein (ZAG) is a soluble protein 
similar in structure to the class I major histocompatibility complex (MHC) 
heavy chain, which has been implicated in lipid catabolism. However the clin-
ical significance of this lipolytic activity remains scarcely explored. The aim of 
this study was to analyze ZAG gene expression in human adipose tissue from 
lean and obese subjects in parallel with several lipolytic and adipokine genes. 
ZAG circulating plasma levels and its relationship with cardiometabolic risk 
factors were also studied.
Materials and methods: Clinical and anthropometrical variables were as-
sessed in 73 Caucasian (43 male and 30 female) subjects. Plasma and adi-
pose tissue [subcutaneous (SAT) and visceral (VAT)] from the same patient 
were studied. Real-time quantification of PPARγ, Hormone sensitive lipase 
(HSL), Adipose triglyceride lipase (ATGL), Adiponectin, Omentin, Visfatin 
and ZAG was performed. Plasma concentrations of ZAG were determined 
with ELISA.
Results: ZAG plasma levels showed a negative correlation with insulin (r= 
-0.39; p=0.008) and with the HOMA index (r= -0.36; p=0.016). ZAG expres-
sion in SAT was significantly reduced in overweight and obese individuals 
compared to lean subjects (p<0.001 and p=0.007 respectively). ZAG mRNA 
expression both in SAT and VAT depots were negatively correlated with many 
clinical and metabolic cardiovascular risk factors (Table 1). A positive cor-
relation between ZAG mRNA expression and circulating adiponectin levels 
was observed (r=0.404; p<0.001 and r=0.337; p=0.007 for SAT and VAT ZAG 
mRNA expression, respectively). After multiple linear regression analysis, 
SAT ZAG was mainly predicted by Adiponectin mRNA expression (B=1.068; 
p<0.0001) and triglyceride plasma levels (B=-0.572; p=0.006). VAT ZAG ex-
pression was predicted by Adiponectin expression (B=0.539; p<0.0001), and 
HSL VAT expression (B=0.123; p=0.036).
Conclusion: The present study provides evidence of a role of ZAG gene in 
adipose tissue metabolism, with a close association with Adiponectin gene 
expression in subcutaneous and visceral fat.

Table 1: Bivariate correlations between ZAG expression levels and clinical 
or analytical variables

SAT ZAG P VAT ZAG P
R p R p

Weight -0.376 0.001 -0.335 0.004
BMI -0.366 0.001 - -
Waist -0.448 <0.001 -0.338 0.001
Waist/Hip -0.370 0.003 -0.523 <0.0001
SBP -0.401 0.003 - -
DBP -0.259 0.063 - -
Triglycerides -0.506 <0.001 -0.320 0.008
HDLc 0.289 0.016 - -
HOMA -0.457 0.001 -0.356 0.001
Adiponectin (serum) 0.404 0.001 0.337 0.007

Supported by: FIS 07/29 1024, FIS 08/1195 CIBERDEM de Diabetes y En-
fermedades Metabólicas asociadas (CB07/08/0012)



Diabetologia (2009) 52:[Suppl1]S1–S550 S 285

1 C

726
Insulin resistance in hyperthyroidism: the role of cytokines
E.G. Tsegka1, P. Mitrou2, G. Dimitriadis1, V. Lambadiari1, E. Maratou2,  
E. Boutati1, T. Economopoulos1, S.A. Raptis1,2; 
12nd Department of Internal Medicine and Research Institute, Athens 
University Medical School, “Attikon” University Hospital, 2Hellenic National 
Center for Research, Prevention and Treatment of Diabetes Mellitus and its 
Complications (H.N.D.C), Athens, Greece.

Background and aims: Although insulin resistance is a common finding in 
hyperthyroidism, the implicated mechanisms are obscure. In muscle and adi-
pocytes of euthyroid subjects, adiponectin has been found to stimulate glu-
cose disposal by activating AMP-activated protein kinase, whereas leptin to 
reduce insulin stimulated glucose uptake. Tumor necrosis factor-α (TNF-α) 
and interleukin-6 (IL6) are cytokines with metabolic and weight-regulating 
effects. In euthyroid subjects both TNF-α and IL6 inhibit lipoprotein lipase 
activity and increase lipolysis. The aim of this study was to investigate wheth-
er cytokines plasma levels are altered in hyperthyroidism and if these changes 
could be related to the development of insulin resistance.
Materials and methods: A mixed meal was given to ten female hyperthyroid 
subjects (HR: age 37+4 years, BMI 24+1kg/m2, Total fat mass (TFM)17+2.9kg 
T3 334+44ng/dl, TSH 0.03+0.003μU/ml) and eight female euthyroid subjects 
(EU: age 34+4 years, BMI 24+0.6 kg/m2 , TFM 15.7+2kg, T3 112+8ng/dl, 
TSH 1.1+0.07 μU/ml). Plasma samples were taken every 30-60 min for 360 
min from a vein draining the abdominal subcutaneous adipose tissue (AD) 
and from the radial artery for measurements of glucose, insulin, non-esteri-
fied fatty acids (NEFA), leptin, TNF-a, IL-6 and adiponectin.
Results: (1) In HR vs EU: (a) arterial glucose was similar (AUC0-3602212+43 vs 
2089+41mM*min), but insulin was increased (16333+2804 vs 10087+548mU/
l*min, p=0.03) (b) HOMA was increased (2.17+0.47 vs 0.9+0.1 kg/m2, p=0.03) 
suggesting the development of insulin resistance in hyperthyroidism (c) plas-
ma NEFA levels were increased (AUC0-360138381+16488 vs 89265+7851μmol/
l*min, p=0.02), suggesting increased lipolysis (d) fasting plasma levels of IL-
6 (2+0.3 vs 0.9+0.1ng/ml, p=0.01), TNF-a (4+0.9 vs 1.4+0.2ng/ml, p=0.04) 
and leptin (12.3+2 vs EU 5.3+0.8 ng/ml, p=0.03) were increased, whereas 
adiponectin plasma levels were decreased (10.2+1.7 vs EU 20.8+3.5ng/ml, 
p=0.01). (2) (a) IL-6 was increased in the abdominal vein compared to the 
radial artery, both in HR (4.9+1.2 vs 2+0.3ng/ml, p=0.01) and in EU (5.6+1.7 
vs 0.9+0.1ng/ml, p=0.01), suggesting that IL-6 is produced by the subcutane-
ous adipose tissue (b) IL-6 levels (AUC0-360) were positively correlated with 
HOMA index (r=0.66, p=0.03) (c) TNF-α was positively correlated with arte-
rial NEFA levels (AUC0-360) (r=0.86, p=0.006).
Conclusion: In hyperthyroidism: (1) glucose and lipid metabolism are resist-
ant to insulin (2) IL-6, TNF-a and leptin are increased and adiponectin is 
decreased supporting the development of insulin resistance (3) subcutaneous 
adipose tissue releases IL-6 which could then act as an endocrine mediator 
of insulin resistance (4) although there is no net secretion of TNF-α by the 
subcutaneous adipose tissue in vivo, increased systematic TNF-α levels could 
be part of the mechanism explaining the resistance of lipolysis to insulin.

727
The weight sparing effect of insulin detemir is associated with increased 
adiponectin levels and decreased adiposity in the diabetic ZDF rat
C. Fledelius, G.S. Olsen, A.B. Jensen, J. Damgaard, A. Vinterby, M. Schiødt, 
E. Nishimura, U. Ribel, J. Sturis; 
Novo Nordisk, Måløv, Denmark.

Background and aims: It is currently unclear how changes in body weight 
(BW) are associated with changes in fat mass and adiponectin levels, which 
are reduced in conditions associated with increased risk of cardiovascular 
disease (CVD), such as diabetes. This study compared the effects of NPH in-
sulin (NPH) and insulin detemir (IDet) on glycemic control (HbA1c), BW, fat 
mass, and adiponectin levels in the ZDF rat model of type 2 diabetes.
Materials and methods: Diabetic ZDF rats were treated subcutaneously with 
vehicle, NPH or IDet for 4 weeks. Fat was determined non invasively using 
quantitative magnetic resonance.
Results: At baseline, HbA1c, BW, and fat mass did not differ significantly be-
tween groups, with HbA1c averaging 8.0±0.3% (mean±SD). NPH and IDet 
both decreased HbA1c significantly (6.2±0.3%, p<0.01; 6.2±0.4%, p<0.01) 
compared with vehicle (9.1±0.3%). Despite comparable changes in glycemic 
control, IDet significantly reduced gain in BW and fat mass vs NPH. The 
reduction in fat mass with IDet accounted for 62% of the reduced BW gain. 

Four-week relative weight reduction in the IDet group was 2.1%. NPH and 
IDet increased adiponectin levels 48% (p<0.01) and 90% (p<0.001) respec-
tively vs vehicle, and IDet increased adiponectin levels 28% (p<0.001) vs 
NPH.
Conclusion: Four weeks of basal insulin therapy (NPH or IDet) resulted in 
increased adiponectin levels. IDet reduced gain in BW and fat mass and re-
sulted in a greater increase of circulating adiponectin levels in the ZDF rat 
than NPH, suggesting that IDet may improve the CVD risk profile compared 
with NPH.

728
Human adipocyte-secreted factors and vascular smooth muscle cell 
proliferation: an integrated proteome analysis
S. Lehr, S. Hartwig, D. Lamers, H. Sell, W. Paßlack, J. Eckel; 
Institute of Clinical Biochemistry and Pathobiochemistry, German Diabetes 
Center, Duesseldorf, Germany.

Background and aims: Adipose tissue as an endocrine organ secretes a vari-
ety of proteins and peptides. In the context of obesity, especially the perivas-
cular fat may induce inflammation and proliferation in the vascular wall and 
therefore play a major role in development of atherosclerosis. In this study we 
examined the influence of adipocyte secretion products on vascular smooth 
muscle cells (SMC) combining different protein profiling techniques.
Materials and methods: SMCs were incubated with conditioned media 
(CM) derived from isolated and in vitro differentiated pre-adipocytes, which 
comprises a complex mixture of secretion products. Performing prolifera-
tion assays revealed an increase of three-fold in response to CM. In order to 
examine the cellular mechanism, we performed combined protein profiling 
by KinexTM Antibody Microarray and 2D-gel based Difference in Gel Elec-
trophoresis (DIGE). Protein samples achieved under standardized conditions 
were either analyzed using the array approach screening by 650 different an-
tibodies specific for several hundred distinct proteins including diverse phos-
phorylation states or by explorative 2D-DIGE multiplex analysis.
Results: Dependent on CM incubation, array analysis revealed 145 altera-
tions in protein abundance or protein phosphorylation status. Investigating 
the proteome of these SMC by comparing more than 1800 different protein 
spots, indicated significant alterations for 62 different protein spots. Subse-
quently these protein spots were identified by MALDI-TOF-TOF analysis. 
Assigning identified proteins to their cellular functions and combining the 
results from array and gel based profiling indicates that several cellular key 
proteins e.g. mTOR, Rac1, STAT, FAK, Caldesmon and Zyxin are influenced 
through CM incubation and can be assigned to cellular signaling pathways 
playing a decisive role for regulation of cell cycle.
Conclusion: Factors released by human adipocytes have the potential to in-
duce proliferation of smooth muscle cells. Therefore, integrated proteome 
analysis of SMCs provide new insights into intra-cellular networking and 
may lead to new hints for identification of atherogenic or anti-atherogenic 
factors and their pathways.
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Effects of exenatide plus rosiglitazone on measures of beta cell function 
and insulin sensitivity in subjects with type 2 diabetes previously treated 
with metformin
L.C. Glass1, C. Triplitt2, M.S. Lewis3, Y. Qu4, Y. Guo3, D. Maggs5,  
R.A. DeFronzo2; 
1Cardiovascular/Metabolism, Lilly Research Laboratories, Indianapolis, 
2Division of Diabetes, Department of Medicine, University of Texas Health 
Science Center at San Antonio, 3Lilly USA, LLC, Indianapolis, 4Eli Lilly and 
Company, Indianapolis, 5Amylin Pharmaceuticals, San Diego, United States.

Background and aims: This 20 week study was designed to study the effects 
of exenatide (EXE) plus rosiglitazone (ROSI) on β-cell function and insulin 
sensitivity in subjects with type 2 diabetes (T2D) using the hyperglycaemic 
and euglycaemic insulin clamp techniques.
Materials and methods: A total of 137 subjects (mean age 55.7 years, weight 
92.9 kg, and HbA1c 7.8%) were randomized to either EXE (10µg twice daily 
[BID]), ROSI (4mg BID), or EXE (10µg BID) + ROSI (4mg BID). A subgroup 
(n=50) completed the clamp procedures at baseline and after 20 weeks to 
allow estimation of insulin secretion, insulin action, and the disposition in-
dex (AUC*M÷I, where AUC=insulin area under the curve [hyperglycaemic 
clamp], M=insulin sensitivity and I=insulin value [steady state of euglycae-
mic clamp]).
Results: HbA1c decreased significantly in all groups, with the greatest de-
crease observed for EXE+ROSI (see Table). Subjects treated with ROSI had 
significant weight gain, while those on EXE or EXE+ROSI had significant 
weight loss. At 20 weeks, total insulin secretion was significantly higher in 
EXE and EXE+ROSI than ROSI, and insulin sensitivity (M value) was signifi-
cantly higher in EXE+ROSI and ROSI than EXE.
Conclusion: Combination therapy elicited an additive effect on glycaemia, 
and the combination of EXE with ROSI offset the known weight gain effects 
of ROSI. We confirmed the insulin sensitizing effects of ROSI with a negligible 
effect on the β-cell while EXE exerted a robust effect on the β-cell and also a 
modest insulin sensitizing effect. Combination therapy resulted in significant 
improvements in insulin secretion and insulin sensitivity with reductions in 
body weight, thus targeting the major pathophysiologic defects of T2D. 
Supported by: Lilly USA, LLC and Amylin Pharmaceuticals
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Exenatide once-weekly treatment elicits sustained glycaemic control and 
weight loss over 2 years
M. Trautmann1, K. Wilhelm2, K. Taylor2, T. Kim2, D. Zhuang2, L. Porter2; 
1Eli Lilly & Company, Indianapolis, 2Amylin Pharmaceuticals, Inc., San 
Diego, United States.

Background and aims: Treatment with the GLP-1 receptor agonist exenatide 
once weekly (QW) resulted in sustained improvements in HbA1c, fasting 
plasma glucose (FPG), body weight, serum lipid profiles, and blood pressure 
through 52 weeks of treatment in patients with type 2 diabetes. Here we de-
scribe interim results in a cohort of these patients (on a variety of background 
antihyperglycaemic agents) who completed the 30-week, controlled, open-
label trial in which they received either exenatide QW or exenatide BID, fol-
lowed by 70 weeks of treatment with 2 mg exenatide QW during a subsequent 
open-ended assessment period.
Materials and methods: Of the 181 patients in this cohort who entered the 
trial, 75% (n=135) completed 2 years of treatment. Baseline characteristics 
(mean±SD) for these patients were: HbA1c 8.3±1.0%, FPG 9.26±0.21 mmol/L, 
body weight 100±19 kg, BMI 34.7±5.0 kg/m2, diabetes duration 8±6 y.
Results: Significant improvements (LS mean±SE) in both HbA1c (-1.8±0.1%; 
95% CI: -2.0 to -1.6%) and FPG (-2.04±0.22 mmol/L; 95% CI: -2.48 to -1.59 
mmol/L) were maintained after 2 years of treatment, with 66% and 42% of 
patients achieving an HbA1c ≤7.0% and ≤6.5%, respectively. Body weight 
was significantly reduced (-3.6±0.6kg; 95% CI: -4.8 to -2.3 kg) from baseline 
following 2 years of treatment. Serum lipid profiles also were significantly 
improved during 2 years of treatment (triglycerides: -18%, 95% CI: -24% to 
-12%; total cholesterol: -0.25±0.09 mmol/L, 95% CI: -0.42 to -0.07 mmol/L). 
Furthermore, a clinically significant reduction in systolic blood pressure (-
3.2±1.2 mmHg; 95% CI: -5.5 to -0.8 mmHg) was maintained through 2 years 
of treatment. Nausea (predominantly mild in intensity) was the most com-
mon adverse event during the 30-week treatment period and decreased over 

time, occurring in 8% of patients during the open-ended treatment period. 
No severe hypoglycaemia was observed.

Conclusion: Exenatide QW was well tolerated during the treatment period. 
This study demonstrated sustained glucose control and weight loss over 2 
years of treatment with exenatide QW.

731
Reductions in glycaemia and weight with once-weekly dosing of 
LY2189265, a long-acting glucagon-like peptide 1 (GLP-1) analogue in 
patients with type 2 diabetes mellitus
T.A. Hardy1, P. Barrington2, J. Chien1, H. Showalter1, K. Schneck1, S. Cui3,  
F. Tibaldi4, B. Ellis1; 
1Eli Lilly and Company, Indianapolis, United States, 2Eli Lilly and Company, 
Windlesham, United Kingdom, 3i3 Statprobe, Austin, United States, 4GSK 
Biologicals, Rixensart, Belgium.

Background and aims: LY2189265 is a novel, long-acting glucagon-like 
peptide 1 (GLP-1) analog, being developed for treatment of type-2 diabetes 
(T2DM). LY2189265 consists of a dipeptidyl peptidase-IV (DPP-IV)-pro-
tected GLP-1 analog covalently linked to an Fc fragment of human IgG4, 
thereby increasing its duration of pharmacological activity. Safety, tolerabil-
ity, pharmacokinetics (PK), glycemic and weight effects, and immunogenic-
ity of weekly subcutaneous doses of LY2189265 were evaluated in a 5-week, 
placebo-controlled, parallel-group, patient- and investigator-blinded study of 
43 patients with T2DM.
Materials and methods: Patients inadequately controlled by diet and exer-
cise or metformin were enrolled and received 0.05 mg to 8 mg of LY2189265 
or placebo. Evaluations included glucose, insulin, glucagon, C-peptide dur-
ing test-meals and oral glucose tests, changes in weight, gastric emptying rate, 
hemoglobin A1C, and antibodies to LY2189265.
Results: The half-life of LY2189265 was ~95 hours in T2DM patients. 
LY2189265 at ≥1 mg significantly reduced fasting and postprandial glucose 
area under the concentration-time curve (AUC) and 2-hour glucose after a 
test meal. Glycemic reductions observed following the first dose were main-
tained through weekly dosing. An insulinotropic effect of LY2189265 was 
demonstrated by increased insulin and C-peptide AUC normalized to glucose 
AUC. Statistically significant reductions in A1C (-0.69% to -1.34%, p<.01) 
were observed across doses. Statistically significant effects on gastric emptying 
after the first dose and weight loss after the last dose were observed at ≥5 mg. 
LY2189265 was well tolerated at doses producing significant reductions in gly-
cemia. The most commonly reported adverse events were nausea, vomiting, 
headache, and diarrhea. A statistically significant increase in heart rate was 
noted at the 5-mg dose. No patient developed antibodies to LY2189265.
Conclusion: Once-weekly administration of LY2189265 demonstrated sus-
tained glycemic and GLP-1 effects in T2DM patients. Side effects were con-
sistent with expected GLP-1 pharmacology. These results support further 
investigation of this novel long-acting GLP-1 analog.

732
Differences in baseline characteristics between patients prescribed 
sitagliptin versus exenatide based on a US electronic medical record 
database
L. Radican1, S. Rajagopalan2, P. Mavros1, S. Engel3, D. Yin1, Q. Zhang1; 
1Global Outcomes Research and Reimbursement, Merck & Co., Inc, 
Whitehouse Station, 2MedData Analytics, Inc, Williamsville, 3Clinical and 
Quantitative Science, Merck & Co., Inc, Rahway, United States.

Background and aims: Sitagliptin (SITA) is the first once-daily oral dipepti-
dyl peptidase-4 inhibitor and exenatide (EX) is the first twice-daily injectable 
glucagon-like peptide-1 receptor agonist available for the treatment of type 2 
diabetes (T2DM). This study examined differences in baseline characteristics 
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between patients with T2DM initiating SITA vs. EX in real-world practice 
in the US, where SITA and EX are both indicated for use in dual and triple 
combination therapy with other oral antihyperglycemic agents (AHA) and 
SITA is also indicated as monotherapy.
Materials and methods: The General Electric Centricity electronic medical 
record database, covering 9 million U.S. patients of all ages from 49 states, 
was used to select patients with T2DM, aged ≥30 years, who received their 
first SITA or EX prescription between Oct 2006 and June 2008. Included 
patients were new to monotherapy, dual or triple combination therapy. Al-
though EX is not indicated as monotherapy, real world EX monotherapy use 
was observed and included. Patient’s medical records, including demograph-
ics, diagnoses, prescriptions, and lab results were extracted for the one year 
period (baseline) prior to the date of the first prescription of SITA or EX. 
Patient baseline profiles were stratified by mono-, dual, or triple therapy and 
compared between regimens with SITA vs. EX.
Results: Among patients new to AHA, 1091 initiated SITA and 759 initiated 
EX monotherapy. Compared to patients initiating EX, at baseline, patients on 
SITA were older (63.8 vs. 56.9 years), and had a lower obesity rate (61.5% vs. 
87.6%), higher serum creatinine (106 μmol/L vs. 88 μmol/L), higher propor-
tion of males (46.1% vs. 35.6%), and higher prevalence rates of macrovascular 
conditions (18.1% vs. 10%) (all p<0.0001). Among patients started on dual 
combination regimens, 2261 were prescribed SITA, and 1901 were prescribed 
EX. Similar to the pattern seen with initial monotherapy, patients on SITA at 
baseline were older, and had a lower obesity rate, higher serum creatinine, 
higher proportion of males, and higher rate of macrovascular conditions; ad-
ditionally, patients started on SITA had a higher rate of renal insufficiency 
(based on diagnosis of renal disease or elevated serum creatinine level >132 
μmol/L for male and >106 μmol/L for female) (all p<0.0001). Among those 
new to triple combination therapy, patients with SITA (n=3194) compared to 
EX (n=2661) at baseline were also older, and had a lower obesity rate, higher 
serum creatinine, higher proportion of males, and higher rates of macrov-
ascular conditions (all p<0.0001). Observed patient profile differences were 
consistent across all the three regimen types.
Conclusion: This study demonstrates that patients with T2DM who received 
SITA compared to EX in a real-world setting were generally older, more likely 
to be male, had higher rates of preexisting macrovascular conditions and re-
nal insufficiency and had a lower rate of obesity than patients who received 
EX. This has important implications for future observational studies using 
electronic medical record or claims databases, in that estimated outcome 
measures may be biased by the channeling of sicker, higher-risk patients to 
SITA.
Supported by: Merck & Co., Inc.

733
Investigation of features of type 2 diabetic patients with secondary 
failure to oral hypoglycaemic agents associated with blood glucose 
response to exenatide
M. Sardinoux, G. Baptista, A. Wojtusciszyn, J. Bringer, E. Renard; 
Endocrinology Dept, CHU & University of Montpellier, France.

Background and aims: Exenatide is a GLP-1 receptor agonist that may im-
prove insulin secretion in T2D patients. We investigated the features of T2D 
patients with secondary failure to oral hypoglycemic agents (OHA), either 
never treated by insulin or using insulin combined with OHA for less than 12 
months, which were associated with blood glucose response to exenatide.
Materials and methods: Blood glucose response to exenatide was prospec-
tively followed-up for 6 months in 21 T2D patients with secondary failure to 
OHA (A1c > 7.5 %). Group A (N or mean ± SEM) included 7 women/3 men; 
age: 55.8 ± 3.5 years, BMI: 33.1 ± 2.6 kg/m²; waist circumference (WC): 107.5 
± 8 cm; diabetes duration (DD): 14.8 ± 1.6 years; A1c: 9.97 ± 0.42 % who never 
used insulin. Group B included 6 women/5 men; age: 56 ± 2.3 years; BMI: 34.1 
± 1.7 kg/m²; WC: 119.2 ± 4.7 cm; DD: 18.2 ± 3.2 years; A1c: 9.14 ± 0.36 % who 
had been using insulin combined with OHA for less than 12 months at base-
line. Before initiation of exenatide, blood glucose levels were brought close to 
normal by a 48-hour IV insulin infusion after withdrawal of SC insulin (if ap-
plicable) and OHA but metformin. Insulin sensitivity (Si) was assessed by the 
amount of insulin in IU/kg/day needed during the last 24 hours of IV insulin 
infusion to keep blood glucose in the normal range and insulin secretion was 
investigated by Δ plasma C peptide before and 6 min after 1 mg glucagon IV. 
Exenatide was then initiated at 5 μg bid for at least one month and increased 
to 10 μg bid according to blood glucose monitoring, while OHA were restored 
as before IV insulin. A1c was followed-up at 2, 4, and 6 months. Responders 
to exenatide were defined as patients whose A1c change was greater or equal 

to median A1c variation after 2 months (i. e. ≥ -1.5%). Statistical analysis was 
performed using ANOVA for repeated measurements.
Results: Baseline characteristics of patients were not significantly different in 
groups A and B, in terms of Si : 0.56 ± 0.05 vs. 0.50 ± 0.09 IU/kg/day; p=0.58, 
and Δ plasma C peptide:1.04 ± 0.25 vs. 0.6 ± 0.34 ng/ml; p=0.15, respectively. 
Maximal change in A1c levels was obtained between baseline and month 2, 
and remained stable for 6 months in both groups. Among patient features at 
baseline, only Δ plasma C peptide was significantly higher in
responders to exenatide (R; n=9) than in non-responders (NR; n=12) as 
shown in the table below. Moreover, previous insulin use was associated with 
a significantly higher non-response rate to exenatide: 10/11 vs. 2/10 (Fisher 
exact test, p=0.0019).

Responders Non Responders
Age (years) 55 ± 1.74 56.6 ± 3.4 p=0.71
Diabetes duration (years) 15.7 ± 2.14 17.3 ±2.83 p=0.68
Baseline A1c (%) 9.98 ± 0.53 9.26 ± 0.31 p=0.22
BMI (kg/m²) 32.3 ± 2.8 34.6 ± 1.5 p=0.46
Waist Circumference (cm) 106 ± 9 118 ± 4 p= 0.17
Si (IU/kg/day) 0.55 ± 0.7 0.51 ± 0.6 p=0.68
Δ plasma C peptide (ng/ml 1.16 ± 0.26 0.55 ± 0.12 p=0.04

Conclusion: From our data, remaining capacity of insulin secretion appears 
as a significant factor associated with response to exenatide on blood glucose 
control in T2D patients showing secondary failure to OHA. Previous insulin 
use is also associated with a poor response to exenatide therapy.

734
Liraglutide, a human GLP-1 analogue, maintains greater reductions in 
HbA1c, FPG and weight than glimepiride over 2 years in patients with 
type 2 diabetes: LEAD-3 extension study
A.J. Garber1, R. Henry2, R. Ratner3, P. Hale4, C.T. Chang4, B. Bode5; 
1Depts. of Medicine, Biochemistry and Molecular Biology, and Molecular 
and Cellular Biology, Baylor College of Medicine, Houston, 2University 
of California, San Diego, 3MedStar Research Institute, Hyattsville, 4Novo 
Nordisk Inc, Princeton, 5Atlanta Diabetes Associates, Atlanta, United States.

Background and aims: The human GLP-1 analogue liraglutide (1.8 and 1.2 
mg QD) achieved greater reductions in HbA1c, FPG, weight, hypoglycaemia 
and systolic blood pressure than glimepiride (8 mg QD) when used as mon-
otherapy for one year in patients with type 2 diabetes in the randomised, 
double-blind, LEAD-3 study (n = 746). This open-label extension study ana-
lysed the continued efficacy and tolerability of liraglutide, as compared with 
glimepiride, during a further year of treatment (2 year extension).
Materials and methods: The extension period was an open-label continu-
ation of the one-year, randomised, double-blind, parallel-group LEAD-3 
study. A total of 90% (n=440) of one-year completers entered the extension 
study for a further one year, of whom 321 (73%) completed a further year of 
treatment (2-year completers: mean age = 54yrs, HbA1c = 8.2%; median dia-
betes duration = 3.3yrs; BMI = 33kg/m2; diet/exercise only at LEAD 3 study 
entry = 36%; 1 OAD = 64%) Data presented are for 2-year completers.
Results: Compared with subjects taking glimepiride, after 2 years liraglutide 
(1.8 and 1.2mg) subjects experienced greater reductions in HbA1c (-1.1 and 
-0.9%, respectively, versus -0.6%; ANCOVA; p = 0.0016 and p = 0.0376, re-
spectively) (Figure); had lower final HbA1c (6.9 ± 1.2 and 7.1 ± 1.2% versus 
7.5 ± 1.2%); and a greater proportion reached HbA1c < 7.0% (58 and 53% vs. 
37%; p = 0.0054 and p = 0.0269, respectively). Liraglutide also achieved great-
er reductions in FPG (1.5 and 1.3 versus 0.3 mmol/L , respectively). Weight 
loss at one year associated with liraglutide and weight gain observed with 
glimepiride were maintained (-2.7 and -2.1kg versus + 1.1kg; p < 0.0001), 
Hypoglycaemia (BG < 3.1 mmol/L) was reduced by at least 85% with the 
use of liraglutide 1.8 mg/day compared to glimepiride (0.28 and 0.16 vs. 1.82 
events/subject/yr; p = 0.0001 and p < 0.0001). Differences in HbA1c between 
completers and the ITT (LOCF) population were comparable; ITT (LOCF) 
analyses also showed significantly greater reductions in FPG, weight and hy-
poglycaemia with liraglutide vs. glimepiride.
Conclusion: The clinically and statistically significant reductions in HbA1c, 
FPG, weight and hypoglycaemia achieved after one year of liraglutide treat-
ment are maintained after 2 years, showing benefit over glimepiride, with 
lower hypoglycaemic risk.
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Supported by: Novo Nordisk

735
Weekly, biweekly and monthly efficacy of albiglutide, a long-acting 
GLP-1-receptor agonist, in patients with type 2 diabetes receiving 
concomitant background metformin
J. Rosenstock1, J.E.B. Reusch2, M.A. Bush3, F. Yang4, M.W. Stewart4; 
1Dallas Diabetes and Endocrine Center at Medical City, Dallas, 
2Denver VAMC, Denver, 3GlaxoSmithKline, Research Triangle Park, 
4GlaxoSmithKline, King Of Prussia, United States.

Background and aims: Albiglutide (ALB) consists of a DPP-4-resistant hu-
man GLP-1 dimer fused to human albumin resulting in a pharmacokinetic 
half-life of ~5 days that allows the potential for weekly or less-frequent dos-
ing. This study was conducted to establish optimal ALB dose and schedule 
for Phase 3 trials and to assess glycemic responses and adverse events (AEs). 
Open-label exenatide (Ex) was used as a reference arm. The overall popu-
lation is reported, and an exploratory analysis examined efficacy and toler-
ability of ALB in subjects previously treated with only metformin (MET), to 
compare treatment effects vs Ex used per label.
Materials and methods: In this randomized, multicenter, double-blind, par-
allel-group, Phase 2 study, 356 subjects (mean age 54 years, BMI 32.1 kg/m2) 
with type 2 diabetes inadequately controlled (mean HbA1c 8.0%) on diet/ex-
ercise or MET received subcutaneous placebo (PBO), ALB [weekly (4, 15 or 
30 mg), biweekly (15, 30 or 50 mg) or monthly (50 or 100 mg)] or open-label 
Ex twice daily (on MET background, per label) for 16 weeks.
Results: Across ALB groups and PBO, 65.6-74.3% received background 
MET. After 16 weeks, background MET subjects experienced fasting plasma 

glucose (FPG) reductions of -1.26, -2.10, -1.80 and -0.07 mmol/L for the 30 
mg weekly, 50 mg biweekly and 100 mg monthly doses of ALB and PBO, re-
spectively, vs -1.44, -1.32, -1.22 and -0.10 mmol/L, respectively, for the overall 
population. Ex decreased FPG by -0.80 mmol/L.
In MET subjects, the highest ALB doses in each dose schedule significantly 
reduced HbA1c similarly over 16 weeks: ALB 30 mg weekly, 0.78%; ALB 50 
mg biweekly -0.83%; and ALB 100 mg monthly -0.77% vs PBO (-0.05%, p 
< 0.05); Ex reduced HbA1c by -0.54%. In the overall population, HbA1c was 
reduced -0.87, -0.79 and -0.87% by ALB 30 mg weekly, 50 mg biweekly and 
100 mg monthly dosing, respectively, vs PBO (-0.17%, p < 0.005).
Among MET patients, HbA1c <7% was achieved by 43%, 50% and 46% of 
subjects receiving ALB 30 mg weekly, 50 mg biweekly and 100 mg monthly, 
respectively, vs 15% with PBO and 35% in the Ex group. Weight loss with 
ALB was observed in both the MET group (-0.4 to -2.1 kg) and in the overall 
population (-0.9 to -1.8 kg). Documented hypoglycemia was not increased 
with ALB, and most commonly reported AEs were gastrointestinal events. 
Rates of nausea or vomiting in MET subjects were 18.2%, 47.8% and 56.5% of 
patients receiving 30 mg weekly, 50 mg biweekly and 100 mg monthly doses 
of ALB, respectively, vs 29.0%, 54.3% and 55.9% in the overall study popula-
tion. Nausea or vomiting was experienced by 45.7% in the Ex group.
Conclusion: Albiglutide was effective in patients receiving background MET 
and provided numerically greater HbA1c and FPG reductions than did ex-
enatide. Tolerability was most favourable with the 30 mg weekly ALB group.
Supported by: GlaxoSmithKline

736
Improvement in glycaemic control when adding liraglutide to existing 
therapy: results from a meta-analysis of six large randomised clinical 
trials
J.J. Holst1, M. Nauck2, J. Brett3, A. Falahati4, R. Pratley5; 
1Panum Institutet, Copenhagen, Denmark, 2Diabeteszentrum, Bad 
Lauterberg im Harz, Germany, 3Novo Nordisk, Princeton, United States, 
4Novo Nordisk, Copenhagen, Denmark, 5University of Vermont College of 
Medicine, Burlington, United States.

Background and aims: In modern clinical practice, worsening glycaemic con-
trol associated with the progression of type 2 diabetes is usually addressed by 
adding additional drugs to existing therapy. Liraglutide is a once-daily human 
glucagon-like peptide-1 (GLP-1) analogue for the treatment of type 2 diabetes. 
Liraglutide was tested as monotherapy or in combination with various therapies, 
including lifestyle, in six randomised, controlled phase 3 trials in 4442 patients.
Materials and methods: Meta-analysis using logistic regression of the subset 
of patients who maintained their pre-trial regimen of oral antidiabetic drugs 
during these trials (n=1683) examined the efficacy of combining liraglutide 
with existing therapy. Only those patients who maintained their pre-trial 
regimen, and added liraglutide, were included. Existing therapy was diet and 
exercise in one trial, metformin in one trial, SU in one trial, metformin+SU 
in two trials and metformin+TZD in one trial. Impact on glycaemic control, 
body weight (BW) and systolic blood pressure (SBP) was assessed for liraglu-
tide 1.8 mg, liraglutide 1.2 mg, and placebo.
Results: ANCOVA analysis of the improvements in HbA1c from baseline for 
liraglutide 1.8 and 1.2 mg as add-on to prior treatment showed reductions of 
1.5% and 1.3%, respectively (p<0.0001 for both). In the placebo group, HbA1c 
was reduced from baseline by 0.3% (p=0.0008). As add-on therapy compared 
to placebo, liraglutide 1.8 mg and 1.2 mg reduced HbA1c by 1.2% and 1.0%, 
respectively (p<0.0001 for both). The proportion of subjects (with 95% CIs) 
reaching target HbA1c<7% with add-on therapy was 71% [65%; 75%] for 
liraglutide 1.8 mg; 59% [51%; 67%] for liraglutide 1.2 mg; and 18% [12%; 
26%] for placebo. The odds-ratios of reaching target HbA1c <7% with add-on 
therapy for liraglutide 1.2 mg vs placebo was 6.6 (p<0.0001), and for liraglu-
tide 1.8 mg vs placebo was 11.1 (p<0.0001). The odds ratio of reaching target 
HbA1c <7% for liraglutide 1.8 mg vs liraglutide 1.2 mg was 1.7 (p=0.0202). 
FPG was improved by 1.8 mmol/L with liraglutide 1.8 mg, and 1.7 mmol/L 
with liraglutide 1.2 mg, while an increase of 0.5 mmol/L was observed for 
placebo. Body weight was reduced by 2.2 kg for liraglutide 1.8 mg, 1.4 kg for 
liraglutide 1.2 mg, and 0.4 kg for placebo. SBP improved by 2.9 mmHg with 
liraglutide 1.8 mg, by 1.4 mmHg with liraglutide 1.2 mg, and by 0.4 mmHg 
with placebo.
Conclusion: When added to existing treatment as per clinical practice, 
greater improvement in glycaemic control was achieved for liraglutide than 
previously reported from individual trials where background medication was 
changed for many subjects.

HbA1c for Overall 
Population

ALB Weekly ALB Biweekly ALB Monthly
Ex
n=34

4mg
n=34

15mg
n=34

30mg
n=29

15mg
n=30

30mg
n=32

50mg
n=34

50mg
n=35

100mg
n=33

Baseline HbA1c 7.99 8.15 8.00 8.01 8.17 7.96 7.91 7.92 8.06
Week 16 Δ from 
baseline

-0.54 -0.11 -0.49 -0.87 -0.56 -0.79 -0.79 -0.55 -0.87

Week 16 Δ from 
PBO (treatment 
effect estimate; LS 
mean)

-- +0.20 -0.26 -0.62* -0.22 -0.55* -0.57* -0.34 -0.60*

HbA1c for Back-
ground MET 
Population

ALB Weekly ALB Biweekly ALB Monthly
Ex
n=34

4mg
n=22

15mg
n=25

30mg
n=21

15mg
n=21

30mg
n=21

50mg
n=22

50mg
n=24

100mg
n=22

Baseline HbA1c 7.99 8.26 8.01 8.06 8.04 8.01 7.98 7.99 8.10
Week 16 Δ from 
baseline

-0.54 -0.31 -0.38 -0.78 -0.43 -0.75 -0.83 -0.45 -0.77

Week 16 Δ from 
PBO (treatment 
effect estimate; LS 
mean)

-0.48* -0.09 -0.23 -0.61* -0.24 -0.61* -0.70* -0.32 -0.62*

*p < 0.05



Diabetologia (2009) 52:[Suppl1]S1–S550 S 289

1 C

Comparison of liraglutide with placebo, as add-on therapy (summary sta-
tistics)

HbA1c (%) FPG 
(mmol/L)

BW (kg) SBP 
(mmHg)

Liraglutide 
1.8 mg

Baseline 8.3 9.6 90.0 132.0

End of trial 7.0 7.7 88.0 129.0
Change -1.4 -1.8 -2.2 -2.9

Liraglutide 
1.2 mg

Baseline 8.3 9.5 89.3 128.6

End of trial 7.1 7.7 88.1 127.0
Change -1.3 -1.7 -1.4 -1.4

Placebo Baseline 8.3 9.3 89.1 132.4
End of trial 8.0 9.8 88.7 131.8
Change -0.3 0.5 -0.4 -0.4

Add-on group includes subjects on prior SU in LEAD 1, prior met in LEAD 
2, prior diet/exercise in LEAD 3, prior met and TZD in LEAD 4, prior met 
and SU in LEAD 5, and all subjects in LEAD 6. Data are ITT LOCF.

Supported by: Novo Nordisk
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737
Liraglutide, a human GLP-1 analogue, lowers HbA1c independent of 
weight loss
W.E. Schmidt1, S. Gough2, S. Madsbad3, B. Zinman4, A. Falahati5, A.D. Toft5, 
G. Sesti6; 
1Dept. of Medicine I, St. Josef-Hospital, Bochum, Germany, 2University of 
Birmingham, United Kingdom, 3University Hospital, Hvidovre, Denmark, 
4University of Toronto, Canada, 5Novo Nordisk, Bagsvaerd, Denmark, 
6University Magna Graecia of Catanzaro, Italy.

Background and aims: GLP-1 receptor agonists offer the potential to both 
improve glycaemic control and promote weight loss. Weight loss is known 
to improve glycaemic control in people with type 2 diabetes. The objective 
of this meta-analysis comparing reductions in HbA1c with liraglutide 1.8 mg 
daily and placebo was to investigate whether improvements in HbA1c induced 
by liraglutide were independent or dependent on concomitant weight loss.
Materials and methods: A meta-analysis of six phase 3 randomised control-
led trials (RCT) including 2739 patients with type 2 diabetes compared HbA1c 
reductions among patients in different categories of weight change from base-
line (weight gain, weight loss ≥0 to ≤3%, weight loss >3 to ≤5%, and weight 
loss >5%), following treatment with liraglutide 1.8 mg once daily or placebo. 
HbA1c reductions and weight changes were assessed at 26 weeks in all trials.
Results: Seventy-six per cent of patients treated with liraglutide lost weight 
from baseline compared with 60% in the placebo group. Greater than 5% 
weight loss occurred in 24% of patients in the liraglutide group and 10% of 
patients in the placebo group. Weight loss of >3% to ≤5% occurred in 17% and 
13% of patients in the liraglutide and placebo groups, respectively. A similar 
percentage of patients in both groups had weight change from baseline of 0 to 
3% (35% with liraglutide and 37% with placebo). Liraglutide induced statisti-
cally and clinically significant reductions in least-squared (LS)-mean HbA1c 
from baseline of between 1.29% and 1.65% in all weight change groups com-
pared with reductions of 0.16% to 0.70% in the placebo group (p < 0.0001) 
(Figure 1). The effect of liraglutide on change in HbA1c was independent of 
weight loss category (p = 0.71).
Conclusion: A greater percentage of patients treated with liraglutide lost 
weight from baseline compared with placebo and almost a quarter of patients 
treated with liraglutide experienced >5% weight loss. Liraglutide treatment 
also induced significantly greater reductions in HbA1c compared with pla-
cebo across all weight loss categories. HbA1c change with liraglutide was in-
dependent of weight loss category. 

Supported by: Novo Nordisk
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738
Exenatide compared with long acting insulin to achieve glycaemic 
control with minimal weight gain in patients with type 2 diabetes 
mellitus: results of the Helping Evaluate Exenatide in patients with 
diabetes compared to Long-Acting insulin (HEELA) study
M.J. Davies1, R. Donnelly2, A.H. Barnett3, S. Jones4, C. Nicolay5,  
A. Kilcoyne6; 
1Department of Cardiovascular Sciences, University of Leicester, United 
Kingdom, 2School of Graduate-Entry Medicine & Health, University of 
Nottingham, United Kingdom, 3Division of Medical Sciences, University 
of Birmingham and Heart of England NHS Foundation Trust, United 
Kingdom, 4The Academic Centre, James Cook University Hospital, 
Middlesbrough, United Kingdom, 5European Medical Department, Eli Lilly 
GmbH, Bad Homburg, Germany, 6Medical Department, Eli Lilly & Co. Ltd., 
Basingstoke, United Kingdom.

Many add-on therapies for glycaemic control in patients with T2DM are asso-
ciated with weight gain. The HEELA study was designed to examine whether 
the GLP-1 receptor agonist, exenatide, could provide better control of HbA1c 
and weight than basal insulin glargine for 26 weeks. Overweight patients with 
at least one other cardiovascular risk factor (previous cardiovascular event, 
peripheral vascular disease, abnormal lipids or blood pressure) and T2DM 
inadequately controlled with 2 or 3 OADs were randomised to add-on ex-
enatide 10 μg b.i.d. (n=118) or insulin glargine o.d. (n=117; median final dose 
34.0 IU/day). Patients had overall mean (SD) age 56.5 (9.1) years, HbA1c 
8.57 (0.67)% and BMI 34.1 (5.3) kg/m2 at baseline, and 58.5% were taking 2 
OADs. The proportion of patients achieving HbA1c ≤7.4% with weight gain 
≤1 kg was greater in the exenatide group (53.4%) than the insulin glargine 
group (19.8%, P<0.001). Improvements in LS mean [SEM] HbA1c following 
treatment with exenatide (-1.25 [0.09]%) and insulin glargine (-1.26 [0.09]%, 
P=0.924) were similar. In contrast, mean body weight decreased with ex-
enatide but increased during insulin glargine treatment. The between-group 
difference in weight changes was significant after 4 weeks (P<0.001) and was 
maintained to 26 weeks (-5.71 [0.44] kg, 95%CI: -6.58 to -4.84 kg, P<0.001). 
Treatments did not differ in overall or severe hypoglycaemia, but nocturnal 
hypoglycaemia incidence was lower with exenatide. In overweight patients 
with T2DM and cardiovascular risk factors, additional exenatide treatment 
resulted in significantly more patients achieving better glycaemic control 
with minimal weight gain compared with insulin glargine.
Supported by: Eli Lilly & Co. Ltd.

739
DURATION-2: exenatide once weekly demonstrated superior glycaemic 
control and weight reduction compared to sitagliptin or pioglitazone 
after 26 weeks of treatment
C. Wysham1, R. Bergenstal2, P. Yan3, L. MacConell3, J. Malloy3, L. Porter3; 
1Rockwood Clinic, Spokane, 2International Diabetes Center, Minneapolis, 
3Amylin Pharmaceuticals, Inc., San Diego, United States.

Background and aims: The once weekly GLP-1 receptor agonist exenatide 
(EQW) has demonstrated sustained improvements in glycaemic control and 
body weight through 2 years of treatment.
Materials and methods: DURATION-2, a randomised, double-blind, dou-
ble-dummy, 26-week study, compared the efficacy, safety, and tolerability of 
weekly treatment with EQW (2 mg; n=160) to maximum daily doses of a 
DPP-4 inhibitor (sitagliptin 100 mg; n=166) or a TZD (pioglitazone 45 mg; 
n=165) in patients with type 2 diabetes on a stable metformin background 
(ITT N=491; A1C 8.5±1.1%, FPG 9.1±2.6 mmol/L, weight 88.0±20.1 kg).
Results: EQW produced a clinically and statistically superior reduction in HbA1c 
compared to both sitagliptin and pioglitazone that was first evident at Week 6. 
A significantly greater proportion of EQW patients achieved HbA1c targets of 
≤7.0% and ≤6.5%. EQW resulted in significantly greater weight loss versus sit-
agliptin from Week 4 through Week 26; patients on pioglitazone gained weight 
(+5.1 kg weight difference vs. EQW at Week 26). Significant improvements from 
baseline in systolic BP, albumin:creatinine, hsCRP, BNP, and adiponectin were 
observed with EQW; improvements in hsCRP and adiponectin also occurred 
with sitagliptin and pioglitazone. All treatments were generally well tolerated, 
with over 80% of patients completing the trial. Nausea was transient and pre-
dominantly mild (24% EQW; 10% sitagliptin; 5% pioglitazone; 1 withdrawal due 
to nausea in each treatment arm). No major hypoglycaemia was observed. Pan-
creatitis, including one case of necrotising pancreatitis, occurred in 2 patients 
treated with pioglitazone; no EQW patients experienced pancreatitis.

Conclusion: Once weekly treatment with exenatide was well tolerated and 
elicited superior improvements in glucose control and body weight compared 
to maximum daily doses of sitagliptin and pioglitazone on a background of 
metformin.

Week 26 Exenatide QW Sitagliptin Pioglitazone
Δ HbA1c (%) -1.55±0.10 -0.92±0.10* -1.23±0.10*

% to HbA1c ≤7.0 / ≤6.5% 66 / 43 42*/ 18* 56*/ 33*

Δ FPG (mmol/L) -1.8±0.2 -0.9±0.2* -1.5±0.2
Δ Body Weight (%) -2.7±0.4 -0.9±0.4* +3.2±0.4*

ITT LS mean±SE for A1C, FPG, weight; Evaluable (n=387) for % to HbA1c 
target. *P<0.05 vs. EQW.

740
Can the glycaemic effect of incretin mimetics be predicted prior to 
therapeutic application?
E. Salzsieder1, L. Vogt2, K.-D. Kohnert1, P. Heinke1, G. Fritsche1,  
P. Augstein1; 
1Institute of Diabetes Karlsburg, 2Diabetes Service Center Karlsburg, 
Germany.

Background and aims: Incretin mimetics are a new class of antihypergly-
caemic agents that have the possibility to improve glycaemic control similar 
to natural incretin hormones. Exenatide, the first incretin mimetic on the 
market, mediates the re-establishment of glucose-dependent insulin secre-
tion, suppression of elevated postprandial glucagon secretion, and slowing 
of gastric emptying. Initial application of Exenatide has also demonstrated 
that some patients meet the expected effects on glycaemic control but others 
failed. At present, no pre-clinical method is available to predict low or high 
Exenatide responders. It was therefore the aim of this project to develop and 
to verify a method allowing identification of low or high responders prior to 
the therapeutic application of incretin mimetics.
Materials and methods: The Karlsburg Diabetes-Management System 
KADIS® was used to develop an in silico method for outcome prediction of 
therapeutic application of the incretin mimetic Exenatide. For this purpose, 
KADIS® was adapted to the special requirements needed to meet the aim of 
this study. The modified KADIS®-supported program comprises: (1) contin-
uous glucose monitoring (CGM) which was performed first in each study 
patient; (2) KADIS®-based identification of the current individual metabolic 
situation of each patient; (3) in silico testing of the metabolic effect of the 
application of 20μg Exenatide on the 24-h glycaemic pattern; (4) estimation 
of an Exenatide equivalence factor by replacing in silico Exenatide by a long 
acting insulin and titration of the insulin dose required to achieve the same 
blood glucose lowering effect as Exenatide; (5) relating the patients to high 
or low responders according to the estimated Exenatide equivalence factor of 
insulin action. To verify the proposed procedure, 58 non-insulin treated type 
2 diabetic patients were involved into the study.
Results: The overall glycaemic lowering effect of 20μg Exenatide was estimat-
ed to be 0.81+ 0.50 mmol/l and equals an insulin dose of 12.6 +4.8 IU. 41% 
of the study patients could be identified to be high responders (equivalence 
factor of insulin action >12.6 IU) to an Exenatide therapy and 59% were low 
responders (equivalence factor of insulin action <12.6 IU). In the group of 
high responders the mean daily glucose pattern (MBG) dropped down by 
1.15 +0.57 mmol/l which equals an insulin dose of 17.2 +3.2 IU, whereas in 
the group of low responders the MBG dropped down by 0.57 +0.23 mmol/l 
which equals an insulin effect of 9.3 +2.6 IU. In the group of high respond-
ers to an Exenatide therapy a higher BMI (31.4 vs. 28.5 kg/m2), an enhanced 
endogenous insulin supply (62.2 vs. 49.7 IU/day), and a higher HbA1c (6.7 
vs. 6.2%) was observed at baseline.
Conclusion: The metabolic effect of an Exenatide therapy can be predicted 
prior to therapeutic application by using CGM in combination with KADIS®-
based in silico simulation strategy.
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741
Association of British Clinical Diabetologists (ABCD) nationwide 
exenatide audit
R.E.J. Ryder1, C. Walton2, P.H. Winocour3, ABCD nationwide exenatide 
audit contributors; 
1City Hospital, Birmingham, 2Hull Royal Infirmary, 3Queen Elizabeth II 
Hospital, Welwyn Garden City, United Kingdom.

Background and aims: In December 2008, 18 months after the launch of 
exenatide in the UK, ABCD launched a 9 month project to accelerate un-
derstanding of the new agent, through a nationwide audit of its use in real 
clinical practise.
Materials and methods: A password protected on-line questionnaire for col-
lection of anonymised patient data. Diabetes specialists in the UK were given 
persistent email encouragement to submit their data.
Results: There has been a dramatic response such that already we have data 
promised on 7559, data submitted on 5313 and data available for analysis on 
3913 patients (mean (+/- SD) age 54.6 (+/-10.4) years, 2167/3913 (55.4%) 
male), with all these numbers rising relentlessly. First analysis of the data thus 
far showed that in response to exenatide mean (+/- SD) HbA1c, weight and 
body mass index fell as follows: HbA1c by 0.75 from 9.42 (+/- 1.19) to 8.65 
(+/- 1.22)% (p<10-126), weight by 4.9 from 114 (+/- 23.3) to 109.1 (+/- 22.6) 
kg (p<10-15), BMI by 1.74 from 39.89 (+/- 7.5) to 38.15 (+/-7.24) kg/m2 (p<10-

16). The weight reduction was variable with some patients showing dramatic 
response (see figure). A similar wide variability in HbA1c response was ob-
served. Factors accounting for variability in weight response included: pa-
tients with osmotic symptoms who increased weight as exenatide controlled 
glycaemia; patients in whom discontinuation or reduction of insulin, glita-
zones and/or sulphonylureas contributed to weight loss. Factors accounting 
for variability in HbA1c response included: patients in whom discontinua-
tion or reduction of other antidiabetic drugs led to worsening glycaemic con-
trol; patients with dramatic weight loss and concurrent dramatic reduction 
in HbA1c. Other reported benefits included return of ovulation in polycystic 
ovary syndrome and improvement in obstructive sleep apnoea. Gastrointes-
tinal side effects were reported in 1122/3913 (28.7%) (transient in 773/3913 
(19.7%), stopped exenatide temporarily in 67/3913 (1.7%), stopped exenatide 
permanently in 282/3913 (7.2%)). 1763/3913 (45%) patients were on insulin 
prior to exenatide. Hypoglycaemia rate increased from 104/3913 (2.7%) prior 
to 177/3913 (4.5%) after exenatide. 7/3913 (0.18%) cases of pancreatitis were 
reported.
Conclusion: The ABCD nationwide exenatide audit has already generated a 
very substantial clinical database which is expanding rapidly. First analysis 
has revealed responders and non responders and that the responses are very 
varied but sometimes dramatic. The 9 month project is scheduled to finish 
by September 2009. Further detailed analysis of the expanding database will 
be undertaken to define the factors associated with different degrees of re-
sponse, and the extent to which factors such as change in medication, initial 
weight, BMI and HbA1c, and duration of diabetes contribute to response. 
Detailed analsis of the response against time and cases of pancreatitis will 
also be performed.

Supported by: Eli Lilly to facilitate staff and IT

742
A phase I/II study of the safety, pharmacokinetics and 
pharmacodynamics of albiglutide in Japanese subjects with type 2 
diabetes
M.A. Bush1, H. Nakajima2, H. Miyahara2, T. Kurita2, F. Yang3,  
M.W. Stewart3, Y. Seino4; 
1GlaxoSmithKline, Research Triangle Park, United States, 2GlaxoSmithKline, 
Tokyo, Japan, 3GlaxoSmithKline, King Of Prussia, United States, 4Kansai 
Electric Hospital, Osaka, Japan.

Background and aims: Albiglutide is a long-acting GLP-1-receptor agonist 
shown to improve indices of glycemia in white and Hispanic populations 
when dosed weekly, once every other week (biweekly) and monthly. The aim 
of this study was to assess the pharmacokinetics, pharmacodynamics, and 
safety and tolerability of albiglutide in Japanese subjects with type 2 diabe-
tes.
Materials and methods: A 28-day, single-blind, randomized, placebo-con-
trolled study was conducted. A total of 40 subjects (mean age 54.5 years, BMI 
24.5 kg/m2, HbA1c range 6.3-10.3%) were given (subcutaneous, to the abdo-
men) placebo or albiglutide in the following doses: 15 mg or 30 mg once 
weekly; 50 mg biweekly; or 100 mg monthly.
Results: Albiglutide had a plasma half life of 5.3 d, systemic clearance (CL/F) 
of 68.7 mL/hr and volume of distribution (V/F) of 12.6 L. Albiglutide was 
generally well-tolerated; GI events were comparable with placebo in all doses 
except 100 mg monthly and were numerically lowest in the 30 mg weekly 
group. In the 100 mg monthly group, the most common adverse events (AEs) 
were flatulence (n=3, 38%), vomiting (n=3, 38%) and nausea (n=2, 25%). No 
serious AEs were reported. Fasting plasma glucose (FPG) and weighted mean 
glucose AUC0-4 were improved as early as day 3. At day 29, all doses of albiglu-
tide except 100 mg monthly significantly reduced FPG and weighted mean 
glucose AUC0-4 from baseline, compared with placebo; all doses significantly 
reduced HbA1c. At the day 43 follow-up visit, albiglutide also significantly 
reduced FPG (all doses except 100 mg monthly) and HbA1c (all doses) com-
pared with placebo.

Albiglutide Dose
Placebo-adjusted change from base-
line (LS Means Difference)

15mg 
Weekly
(n=8)

30mg 
Weekly
(n=8)

50mg 
Biweekly
(n=8)

100mg 
Monthly
(n=8)

FPG (day 3), mmol/L -0.85 -0.98* -1.33* -0.97
FPG (day 29), mmol/L -1.91* -1.98* -1.74* -0.73
FPG (day 43), mmol/L -1.43* -1.16* -1.18* -0.29
AUC0-4 glucose, mmol/L (day 29) -2.86* -3.58* -2.51* -1.44
HbA1c, % (day 29/43) -0.58*/ 

-0.87*
-0.57*/ 
-0.78*

-0.63*/ 
-0.79*

-0.51*/ 
-0.59*

*p < 0.05 vs placebo

Conclusion: Weekly or biweekly doses of albiglutide significantly improved 
glycemic control, with a favorable safety and tolerability profile, in Japanese 
subjects with type 2 diabetes.
Supported by: GlaxoSmithKline

743
Attaining a clinically relevant endpoint of HbA1c<7.0%, no weight gain 
and no hypoglycaemia with liraglutide as compared to other therapies in 
type 2 diabetes mellitus: meta-analysis of the LEAD studies
B. Zinman1, J. Buse2, A. Falahati3, A. Moses4; 
1Mount Sinai Hospital, Toronto, Canada, 2University of North Carolina 
Medical School, Chapel Hill, United States, 3Novo Nordisk A/S, Bagsvaerd, 
Denmark, 4Novo Nordisk Inc, Princeton, United States.

Background and aims: Therapies for type 2 diabetes mellitus (T2DM) com-
monly are associated with undesirable hypoglycaemia and weight gain, 
limiting success in achieving HbA1c clinical practice recommendations. In 
this context we conducted a post-hoc meta-analysis of 6 large randomised 
controlled trials of liraglutide, a human GLP-1 receptor agonist, versus other 
diabetes therapies to determine the proportions of subjects achieving a com-
posite endpoint: HbA1c <7.0% with no major or minor hypoglycaemia and 
no weight gain.
Materials and methods: The meta-analysis was performed on 26-week 
data from the six LEAD (Liraglutide Effect and Action in Diabetes) trials 
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(n=3967), which compared liraglutide as follows: liraglutide vs glimepiride 
(GLM) as monotherapy; liraglutide +metformin (MET) vs GLM+MET; li-
raglutide + GLM vs rosiglitazone (ROS)+GLM; liraglutide +ROS + MET vs 
placebo + ROS + MET; liraglutide + MET + GLM vs insulin glargine + MET 
+ GLM; liraglutide + MET and/or GLM vs exenatide + MET and/or GLM. 
Analyses were ITT and LOCF, and results were adjusted for baseline HbA1c 
and weight.
Results: At 26 weeks, the composite target was achieved by 42% of the liraglu-
tide 1.8 mg group, 35% of the liraglutide 1.2 mg and 6-27% of those treated 
with comparators (Figure). Odds ratios (p values) for reaching the composite 
endpoint with liraglutide 1.8 mg vs comparators were as follows: vs liraglutide 
1.2 mg, 1.38 (0.0047); ROS, 11.15 (<0.0001); GLM, 6.05 (<0.0001); glargine, 
4.22 (<0.0001); exenatide, 1.96 (0.0067); and placebo, 7.87 (<0.0001). For li-
raglutide 1.2 mg, odds ratios (p values) for reaching the composite endpoint 
were as follows vs competitors: vs ROS, 8.06 (<0.0001); GLM, 4.37 (<0.0001); 
and placebo, 5.68 (p<0.0001).
Conclusion: The composite endpoint reflects three clinically relevant out-
comes in T2DM (HbA1c, weight control and hypoglycaemia). The odds of 
reaching this composite endpoint were significantly increased with the GLP-
1 receptor agonist liraglutide. These observations provide clinically relevant 
information for selecting pharmacotherapies for T2DM. 

Supported by: Novo Nordisk

744
The human GLP-1 analogue liraglutide given once daily provides 
excellent metabolic control in Japanese patients either as monotherapy 
or in combination with SU during 52 weeks of treatment
Y. Seino1, M.F. Rasmussen2, Y. Katayama3, K. Kaku4; 
1Kansai-Denryoku Hospital, Osaka, Japan, 2Novo Nordisk, Bagsvaerd, 
Denmark, 3Novo Nordisk Pharma, Tokyo, Japan, 4Kawasaki Medical School, 
Okayama, Japan.

Background and aims: Liraglutide is a once daily human GLP-1 analogue. 
To investigate its safety and efficacy in Japanese subjects with type 2 diabetes, 
two large phase 3 trials were performed.
Materials and methods: The first trial (trial A) compared liraglutide 0.9 mg 
(n=268) vs. glibenclamide 1.25-2.5 mg (n=139), both as monotherapy. The 
second trial (trial B) compared liraglutide 0.6 mg or 0.9 mg in combination 
with sulphonylurea (SU) vs SU monotherapy (n=88 all groups). The trials 
consisted of a 24-week double blind part followed by a 28-week unblinded 
part.
Results: In trial A HbA1c decreased from baseline by 1.48±1.12% in the li-
raglutide group vs. 0.95±1.06% in the glibenclamide group, the difference 
being -0.49% [-0.71, -0.27] after 52 weeks of treatment. The percentage of pa-
tients reaching HbA1c <7.0% was significantly greater for liraglutide (36.9%) 
compared to glibenclamide (18.2%). In trial B the corresponding decrease 
from baseline was 1.09±0.84 (liraglutide 0.6 mg); 1.30±0.91 (liraglutide 0.9 
mg) and 0.06±1.29 (SU); the difference (liraglutide vs SU) being -0.96% [-

1.25, -0.67] and -1.33% [-1.62, -1.04], respectively. More patients reached 
HbA1C <7.0% with liraglutide (0.6 mg: 46.5%, 0.9 mg: 70.5%) vs SU (14.8%) 
Fasting plasma glucose (PG) and 7-point profiles showed that mean PG and 
mean PG increments were lower with liraglutide in both trials. Beta-cell 
function measured as pro-insulin/insulin and pro-insulin/C-peptide was 
improved in both trials for patients treated with liraglutide. The liraglutide 
safety profiles in the two trials did not raise any concerns. In both trials more 
subjects reported AEs from the GI tract during the first 4 weeks of the trials; 
however after 4 weeks the GI-related AEs were at comparator level. No major 
hypoglycaemic events were reported in the two trials. In trial A patients on 
liraglutide experienced 0.7 hypoglycaemic episodes per patient year, vs 3.8 
in the glibenclamide group. In combination with SU (trial B) the rates were 
similar in the groups (3.1 vs 3.7 vs 3.0 episodes/patient year); however in the 
period from 24 to 52 weeks the rates in the liraglutide groups were lower than 
those in the SU group. Despite markedly improved glycaemic control, liraglu-
tide in both trials was weight-neutral. Approximately 15% of patients treated 
with liraglutide developed liraglutide antibodies in the two trials. Antibodies 
did not have an influence on HbA1c and the mean decrease in HbA1c in both 
trials was similar in patients with antibodies as in the entire group.
Conclusion: Once-daily administration of liraglutide as monotherapy pro-
vided safe and sustained metabolic control superior to glibenclamide with-
out causing weight gain and low frequency of hypoglycaemia. Addition of 
liraglutide in people poorly controlled with SU further improves and sustains 
glycaemic control in a dose-dependent manner. Both trials demonstrate im-
proved beta-cell function with liraglutide and significant long-term clinical 
benefit in typical Japanese patients with type 2 diabetes.
Supported by: Novo Nordisk

745
DURATION 2: weight-related quality of life, psychological well-being, 
and satisfaction with exenatide once weekly compared to sitagliptin or 
piaglitazone after 26 weeks of treatment
J.H. Best, P. Yan, J. Malloy; 
Medical Affairs, Amylin Pharmaceuticals, San Diego, United States.

Background and aims: In this 26-week randomised, double-blind, double-
dummy study, patients (ITT N=491) with type 2 diabetes on a stable met-
formin background received once weekly exenatide (exenatide QW 2 mg; 
n=160), or maximum daily doses of sitagliptin (100 mg; n=166) or piogli-
tazone (45 mg; n=165). Weight-related quality of life (QOL), psychological 
general well being, diabetes treatment satisfaction, and general health status 
were assessed using the Impact of Weight on Quality of Life Questionnaire-
Lite (IWQOL), Psychological General Well-being (PGWB) index, Diabetes 
Treatment Satisfaction (DTSQ), and EQ-5D at Baseline (BL) and Week 26.
Materials and methods: The ANCOVA model was used to estimate least 
squares (LS) mean group changes in IWQOL, PGWB, DTSQ, or EQ-5D from 
BL to Week 26 and compare the treatment effects between groups. The model 
included factors for treatment group, country, HbA1c stratum (<9% vs. ≥9%), 
and baseline score for IWQOL, PGWB, DTSQ, or EQ-5D as a covariate.
Results: Exenatide QW produced a statistically superior reduction (%±SE) 
in HbA1c (-1.55±0.10) versus sitagliptin (-0.92±0.10) and pioglitazone (-
1.23±0.10). Exenatide QW resulted in significantly greater weight loss (-
2.7%±0.4) versus sitagliptin (-0.9%±0.4) and pioglitazone (+3.2%±0.4). 
Exenatide QW and sitagliptin groups experienced significant improvement 
in all five domains of weight-related QOL (physical function, self-esteem, 
sexual life, public distress, work) and IWQOL total score, with no significant 
differences between exenatide QW and sitagliptin. The pioglitazone group 
significantly improved only on self-esteem. The exenatide QW group experi-
enced significantly greater improvement in physical function, public distress, 
work, and total IWQOL score versus pioglitazone. All groups experienced 
significant improvements in all six domains of the PGWB (anxiety, depressed 
mood, positive well-being, self-control, general health, and vitality) and on 
the PGWB global scale, as well as in overall treatment satisfaction. The ex-
enatide QW group experienced significantly greater improvement in overall 
treatment satisfaction versus sitagliptin. Patients in the exenatide QW and 
sitagliptin groups experienced significant improvements in overall health 
status.
Conclusion: Exenatide QW resulted in superior improvements in glucose 
control and body weight compared to sitagliptin and pioglitazone on a back-
ground of metformin. Patients on exenatide QW and sitagliptin experienced 
significant improvement on all domains of weight-related QOL. Significant 
improvements in weight-related QOL were observed for exenatide QW 
versus pioglitazone, consistent with differences in body weight change. All 



Diabetologia (2009) 52:[Suppl1]S1–S550 S 293

1 C

groups experienced significant improvement in all domains of psychological 
general well-being and overall treatment satisfaction; greater improvement 
in overall treatment satisfaction was observed with exenatide QW versus si-
tagliptin.

Parameter Exenatide QW Sitagliptin Pioglitazone
Baseline IWQOL total score 80.67 ± 1.51 80.74 ± 1.49 79.32 ± 1.50
Δ IWQOL total score 5.15 ± 1.04* 4.56 ± 1.02* 1.20 ± 1.06†

Δ Physical function 6.78 ± 1.35* 5.81 ± 1.33* 2.00 ± 1.38†

Δ Self-esteem 5.88 ± 1.39* 5.79 ± 1.36* 3.11 ± 1.41*

Δ Sexual life 5.80 ± 1.61* 5.02 ± 1.61* 2.41 ± 1.63
Δ Public distress 3.86 ± 1.17* 2.40 ± 1.14* -0.63 ± 1.18†

Δ Work 2.79 ± 1.28* 3.02 ± 1.25* -1.28 ± 1.29†

Baseline PGWB global score 67.54 ± 1.38 69.96 ± 1.30 71.60 ± 1.16
Δ PGWB global score 6.82 ± 1.00* 6.97 ± 0.98* 4.78 ± 1.02*

ITT LS mean change ± SE; positive scores indicate improvement on all 
domains and items of the PGWB and IWQOL.
*P<0.05 for Baseline to Week 26.
†P<0.05 vs. Exenatide QW.

746
Glycaemic outcomes following initiation of insulin glargine or exenatide 
in type 2 diabetes patients treated with oral agents in US
R. Bhushan1, J. Rosenstock2, M.-P. Dain3, M. Bhushan1, P. Home4; 
1Metabolic Center of Louisiana, Baton Rouge, United States, 2Dallas 
Diabetes and Endocrine Center, Dallas, United States, 3sanofi-aventis, La 
Garenne Colombes, France, 4Newcastle University, Newcastle upon Tyne, 
United Kingdom.

Background and aims: Randomized controlled trials can demonstrate the 
safety and efficacy of glucose-lowering agents in specific populations un-
der well-defined circumstances for regulatory purposes, but assessing these 
agents in general clinical practice remains challenging.
Materials and methods: We analyzed US managed care databases of 47 health 
plans from May 2005 to September 2007 to evaluate therapeutic outcomes af-
ter initiating insulin glargine (GLAR, n=15,695) or exenatide (EX, n=21,516) 
in patients previously treated with only oral antidiabetic drugs (OADs).
Results: Baseline characteristics (6 months prior to study initiation) for GLAR 
vs EX, respectively, were as follows: mean age, 54 vs 53 years; female, 43% vs 
54%; glycated hemoglobin A1C (A1C), 9.5% vs 7.9%; and rate of hypoglyc-
emia on OAD only, 4.8% vs 2.7%. Of note, 16% on GLAR vs 31% on EX visit-
ed an endocrinologist at baseline. The unadjusted change in A1C 1 year after 
initiation was -1.22% for GLAR vs -0.41% for EX (P<0.001). The medication 
discontinuation rate at any time following initiation was 37% for GLAR and 
50% for EX (P<0.001). One year after initiation, 11% of EX patients started 
insulin and 5% of GLAR patients started EX. In patients without (n=35,877) 
and with (n=1,334) hypoglycemia at baseline, respectively, the 1-year inci-
dence of hypoglycemia was 6% vs 3% (odds ratio [OR] = 1.97, P<0.001) and 
35% vs 43% (OR=0.71, P=0.003) for GLAR vs EX. The 1-year adjusted A1C 
was 7.2% vs 7.8% (Δ=0.6%, P<0.001) for GLAR (n=2,117) vs EX (n=3,450), 
after multivariable adjustment for age, sex, baseline A1C, hypoglycemia, 
hospitalization, Charlson comorbidity score, statin use, concomitant medica-
tions and timing of A1C measurement. The Figure shows increased glycemic 
benefits with higher baseline A1C in patients initiated GLAR instead of EX. 
Specifically, the higher the baseline A1C the greater the difference in adjusted 
A1C between the groups during the period of 1 year follow-up.
Conclusion: Although a seemingly apparent choice of therapy as a function 
of baseline A1C level, this study suggests that initiation of GLAR relative to 
EX was associated with a lower and better adjusted 1-year A1C after control-
ling for the baseline A1C and additional confounding factors. However, these 
results should be interpreted with caution, as GLAR or EX appeared to be 
used in different populations.

Figure 1: Adjusted 1-year A1C after Initiation of Glargine or Exenatide

Editorial support provided through the sanofi-aventis US Group
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Initial combination therapy with sitagliptin and pioglitazone improves 
glycaemic control and measures of beta cell function compared with 
pioglitazone alone in patients with type 2 diabetes
K. Yoon1, G. Shockey2, R. Teng3, G. Golm3, P. Thakkar3, A. Meehan3,  
D. Williams-Herman3, K. Kaufman3, J. Amatruda3, H. Steinberg3; 
1Catholic Univ of Korea, Seoul, Republic of Korea, 2Desert Clinical Research 
LLC, Mesa, United States, 3Merck, Rahway, United States.

Background and aims: Initial combination therapy with sitagliptin (SITA) + 
pioglitazone (PIO) was compared with PIO alone in drug-naïve patients (pts) 
(HbA1c 8-12%) with type 2 diabetes.
Materials and methods: After a 2-week single-blind placebo run-in, 520 pts 
(mean baseline HbA1c=9.5%) were randomized (1:1) to SITA 100 mg q.d.+ 
PIO 30 mg q.d. or PIO 30 mg q.d. monotherapy for 24 weeks.
Results: Initial treatment with SITA+PIO led to a reduction from baseline 
in HbA1c of -2.4% compared with -1.5% with PIO monotherapy (between-
group difference for SITA+PIO vs. PIO -0.9%;p<0.001). A greater HbA1c 
reduction was observed in pts with a baseline HbA1c ≥10% (change from 
baseline with SITA+PIO -3.0% vs. -2.1% with PIO). Significantly more pts 
in the SITA+PIO group vs. PIO group had an HbA1c of <7% at Wk 24 (60% 
vs. 28%, respectively;p<0.001). Fasting plasma glucose was reduced by -63.0 
mg/dL with SITA+PIO compared to -40.2 mg/dL with PIO monotherapy 
(between-group difference SITA+PIO vs. PIO -22.8 mg/dL;p<0.001), and 2-
hr post meal glucose was reduced by -113.6 mg/dL with SITA+PIO compared 
to -68.9 mg/dL with PIO (between-group difference SITA+PIO vs. PIO -44.7 
mg/dL;p<0.001). Regarding measures related to β-cell function, the insulino-
genic index and the postprandial proinsulin/insulin ratio were significantly 
improved with SITA+PIO vs. PIO (p≤0.001). Additionally, in response to a 
meal challenge, the areas under the curves for glucose, insulin, and C-peptide 
were significantly improved with SITA+PIO vs. PIO monotherapy (p<0.05 
for all parameters). SITA+PIO was generally well tolerated compared with 
PIO monotherapy, with similar incidences of hypoglycemia (1.1% vs. 0.8%, 
respectively), gastrointestinal adverse events (5.7% vs. 6.9%, respectively), 
and edema (2.7% vs. 3.5%, respectively).
Conclusion: In summary, initial combination therapy with sitagliptin and 
pioglitazone substantially improved glycemic control and was generally well 
tolerated compared with pioglitazone monotherapy.

748
Twelve weeks treatment with the DPP-4 inhibitor sitagliptin improves 
glycaemic control, but does not improve GLP-1 secretion, in patients 
with type 2 diabetes - a randomised trial
K. Aaboe1, F.K. Knop1, T. Vilsbøll1, C.F. Deacon2, J.J. Holst2, S. Madsbad3,  
T. Krarup1; 
1Department of Internal Medicine F, Gentofte Hospital, University of 
Copenhagen, Hellerup, 2Department of Biomedical Sciences, The Panum 
Institute, University of Copenhagen, 3Department of Endocrinology, 
Hvidovre Hospital, University of Copenhagen, Hvidovre, Denmark.

Background and aims: Subjects with type 2 diabetes (T2DM) have been 
shown to display reduced postprandial secretion of glucagon-like peptide 
1 (GLP-1), possibly as a consequence of the diabetic state. We examined 
whether 12 weeks treatment with the dipeptidyl peptidase-4 (DPP-4) inhibi-
tor sitagliptin would improve glycemic control and increase the postprandial 
response of total GLP-1. Furthermore, intact GLP-1 and total and intact glu-
cose-dependent insulinotropic polypeptide (GIP) were examined.
Materials and methods: A double-blinded, placebo-controlled study was 
performed over 12 weeks, in which 24 patients with T2DM were randomized 
to receive either sitagliptin (Januvia®) 100 mg qd or placebo as add-on therapy 
to ongoing treatment with metformin (≥1000mg). In week 0, 1, and 12, sub-
jects were examined with a 240 min standardized meal test (2,370 KJ). HbA1c 
was measured before and after the treatment period. Intact and total (the in-
tact hormone and the metabolite) GLP-1 and GIP responses were calculated 
as the area under the meal test response curves (AUC).
Results: 22 subjects (sitagliptin n=12, mean age 60 years, mean HbA1c 8.3%; 
placebo n=10, mean age 61 years, mean HbA1c 7.6%) were included in the 
post-study analysis. Two subjects originally randomised to placebo were ex-
cluded due to a deliberate 12% body weight loss. From week 0 to 12, sit-

agliptin induced a placebo-corrected reduction in HbA1c of 0.9% (p=0.005). 
From week 0 to week 1, sitagliptin increased the levels of intact GIP 2-fold 
(p=0.002) and intact GLP-1 3-fold (p=0.003). In week 12, levels of intact GIP 
remained elevated, whereas intact GLP-1 did not (p=0.6, week 0 vs week 12). 
Sitagliptin had no effect on the levels of total GLP-1 (p=0.2) or total GIP 
(p=0.3) from week 0 to 12. The increases in intact GLP-1 and GIP in week 
1 were significantly different from the changes in the placebo group (both 
p<0.001). There were no significant changes in the placebo group.
Conclusion: 12 weeks treatment with sitagliptin in subjects with T2DM sig-
nificantly improved glycemic control. However, this improvement did not 
increase the postprandial response of total GLP-1. Sitagliptin efficacy was re-
tained despite the fact that the plasma level of intact GLP-1 was not increased 
in week 12. This would suggest that factors in addition to an increase in the 
peripheral concentration of intact GLP-1 may contribute to the therapeutic 
efficacy of DPP-4 inhibitor treatment.
Supported by: Merck and Co, Inc.

749
Initial therapy with combination alogliptin plus pioglitazone in type 2 
diabetes patients inadequately controlled with diet and exercise
P. Fleck1, S. Inzucchi2, J. Seufert3, C. Wilson1, Q. Mekki1, J. Rosenstock4; 
1Takeda Global Research & Development Center, Inc., Lake Forest, United 
States, 2Yale University School of Medicine, New Haven, United States, 
3Schwerpunkt Endokrinologie und Diabetologie Abteilung Innere Medizin 
II, Freiburg, Germany, 4Dallas Diabetes and Endocrine Center, Dallas, 
United States.

Background and aims: Initial combination therapy is an emerging strategy 
to address the multifactorial nature of T2DM from the outset. This study in-
vestigated the efficacy and tolerability of initial combination therapy with the 
DPP-4 inhibitor alogliptin (ALO), which improves islet cell function, and the 
TZD pioglitazone (PIO), which reduces insulin resistance.
Materials and methods: This randomized, double-blind study compared the 
effects of two doses of ALO in combination with PIO vs ALO alone and PIO 
alone in T2DM inadequately controlled with diet and exercise (A1C 7.5%-
11%). Subjects were randomized (1:1:1:1) to ALO 25 mg/d (n=164), PIO 30 
mg/d (n=163), ALO 12.5 + PIO 30 mg/d (n=164) and ALO 25 + PIO 30 mg/d 
(n=164). Sequential efficacy analysis on the intent-to-treat population using 
ANCOVA compared first ALO 25 + PIO 30 vs ALO and PIO alone and, if 
significant, then ALO 12.5 + PIO vs PIO alone.
Results: Mean baseline characteristics (N=655; age 53 yrs; diabetes duration 
3.2 yrs; A1C 8.8%; fasting plasma glucose (FPG) 191 mg/dL; BMI 31 kg/m2) 
were similar between groups. Greater improvements in the least-squares (LS) 
mean change from a baseline A1C 8.8% were observed in the ALO 25 + PIO 
(-1.71%) vs either ALO (-0.96%) or PIO (-1.15%) (P<0.001) and for ALO 12.5 
+ PIO (-1.56%) vs PIO (P<0.001). The decreases in A1C for both combina-
tion treatment groups vs PIO monotherapy reached statistical significance 
at week 4 and remained through week 26. Percentages of subjects with A1C 
≤7% at study end were: 24, 34, 53 and 63% for ALO, PIO, ALO 12.5 + PIO and 
ALO 25 + PIO; respectively. The LS mean FPG change from baseline at Week 
26 was -25.8, -37.3, -48.5, and -50.2mg/dL, for ALO, PIO, ALO 12.5 + PIO, 
and ALO 25 + PIO, respectively. Weight changes were -0.3kg, +2.2kg, +2.5kg 
and +3.1kg, respectively; edema was not increased in the ALO + PIO groups 
(1.2- 2.4%) compared to PIO alone (5.5%). Hypoglycemia was rare, occurring 
in 0.6%, 1.8%, 1.8%, and 3.0% of subjects in the four groups, respectively.
Conclusion: In conclusion, this study demonstrates the potential for initial 
combination therapy with ALO + PIO to significantly improve glycemic pa-
rameters beyond either monotherapy component.
Supported by: Takeda Global Research & Development Center, Inc.
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Vildagliptin added to basal insulin glargine improves glycaemic control 
and reduces glycaemic excursions in type 2 diabetes
J. Brooks1, V. Bravis1,2, S. Morgenstern1, E. Hui1, B. Gohel1,  
T. Savarananthan1, M. Carrolls1, D. Devendra1,2; 
1Diabetes and Endocrinology, Jeffrey Kelson Diabetes Centre, Central 
Middlesex Hospital, London, 2Department of Investigative sciences, 
Imperial College, London, United Kingdom.

Background and aims: The majority of patients with Type 2 diabetes who 
fail to achieve adequate glycaemic control on once daily basal insulin tend 
to be given the option of trying twice daily mix insulins or other more inten-
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sive insulin regimes. The introduction of the new class of oral hypoglycaemic 
agents, dipeptidyl peptidase-IV inhibitors (DPP-IV inhibitors), provides cli-
nicians with more choices to treat patients with Type 2 diabetes, particularly 
in those who are obese. The aim of our audit was to evaluate the efficacy 
and safety of adding vildagliptin 50mg bd to patients inadequately controlled 
(HbA1c >8.0%) on once daily insulin glargine.
Materials and Methods: We observed 14 patients with type 2 diabetes, who 
were on at least 25 units of insulin glargine per day and who took at least 1g/
day of metformin. Hypoglycaemic events (capillary blood glucose < 4 mmol 
l-1 and/or symptoms) were recorded 4 weeks prior to the initiation of vild-
agliptin. Before the addition of vildagliptin, all patients underwent 48 hours 
of continuous subcutaneous glucose monitoring (CSGM). Two days after the 
initiation of vildagliptin, patients underwent a further 48 hours of CGSM. 
Weight and HbA1c were recorded prior to treatment and repeated again 8 
weeks after initiation of vildagliptin.
Results: Mean HbA1c prior to and 8 weeks after initiation of vildagliptin was 
8.4% and 7.3% respectively. Fasting glucose reduced by 11% and post-pran-
dial glucose reduced by 29%. The total of hypoglycaemic events was 6 in the 
previous 8 weeks prior to the addition of vildagliptin and a total of 7 events 
for 8 weeks on vildagliptin. Mean weight before and 8 weeks after initiation 
of vildagliptin was 83.7kg and 83.3kg respectively.
Discussion: We have demonstrated that the addition of vildagliptin to insu-
lin glargine improves HbA1c and does not induce any significant increase in 
hypoglycaemia. More importantly it did not induce weight gain associated 
with increasing insulin dosage. The addition of vildagliptin to basal insulin 
therapy is an attractive option to current treatment options in people with 
type 2 diabetes.

751
Initial therapy with the Fixed-Dose Combination (FDC) of sitagliptin 
and metformin (JANUMET™) in patients with type 2 diabetes mellitus 
provides superior glycaemic control and HbA1c goal attainment with 
lower rates of abdominal pain and diarrhea vs metformin alone 
C.A. Reasner1, L. Olansky2, T. Seck3, D. Williams-Herman3, E. Luo3,  
M. Chen3, L. Reigle3, Y. Ling3, A. Levonas3, K. Kaufman3, B. Goldstein3; 
1University of Texas, San Antonio, 2Cleveland Clinic, Cleveland, 3Merck, 
Rahway, United States.

Background and aims: Initiating oral therapy with the combination of 2 
agents is a potential approach to achieve earlier and more effective glycemic 
goal attainment.
Materials and methods: This large, multicenter, double-blind study evalu-
ated the efficacy and safety of initial therapy with the combination of sitaglip-
tin and metformin [SITA/MET] (administered as a FDC tablet) compared 
with metformin (MET) alone in drug-naïve pts with type 2 diabetes mel-
litus (HbA1c≥7.5%). After a 1-wk screening period, 1250 pts (mean baseline 
HbA1c=9.9%) were randomized 1:1 to twice-daily (BID) SITA/MET or MET 
for 18 wks. SITA/MET 50/500 mg BID and MET 500 mg BID was uptitrated 
over 4 wks to 50/1000 mg BID and 1000 mg BID, respectively.
Results: At Wk 18, mean HbA1c reductions from baseline were -2.4% (95% 
CI:-2.5,-2.2) for SITA/MET and -1.8% (95% CI:-1.9,-1.6) for MET alone, re-
sulting in a significant between-group difference of -0.6% favoring SITA/MET 
(p<0.001). More pts in the SITA/MET group achieved an HbA1c goal of <7% 
vs. MET alone (49% vs. 34%; p<0.001). Reductions in fasting plasma glucose 
were significantly greater with SITA/MET (-69.5 mg/dL) compared with MET 
alone (-53.5 mg/dL) (p<0.001). A reduction from baseline in body weight of 
-1.6 kg (95% CI:-2.1,-1.1) was seen in each group. The incidences of overall 
clinical adverse experiences were similar in both groups. The incidences of 
hypoglycemia were low and not significantly different between the 2 groups 
(2.1% for SITA/MET; 1.8% for MET; p=0.686). The incidences of abdominal 
pain (1.1% and 3.8%, respectively; p=0.002) and diarrhea (12.0% and 16.8%, 
respectively; p=0.015) were significantly lower with SITA/MET vs. MET alone, 
while the incidences of nausea and vomiting were similar in both groups.
Conclusion: In summary, initial treatment with the combination of SITA/
MET provided superior glycemic improvements, resulted in more pts achiev-
ing HbA1c goals, similar weight loss and lower incidences of abdominal pain 
and diarrhea vs. MET alone over 18 wks.

752
Effect of alogliptin combined with pioglitazone on glycaemic control in 
metformin-treated patients with type 2 diabetes
R. DeFronzo1, C. Burant2, P. Fleck3, C. Wilson3, Q. Mekki3, R. Pratley4; 
1University of Texas Health Sciences Center, San Antonio, 2University of 
Michigan School of Medicine, Ann Arbor, 3Takeda Global Research & 
Development Center, Inc., Lake Forest, 4University of Vermont School of 
Medicine, Burlington, United States.

Background and aims: The efficacy and safety of alogliptin (ALO) combined 
with pioglitazone (PIO) in patients with type 2 diabetes inadequately control-
led on metformin monotherapy was assessed in a randomized, double-blind, 
placebo-controlled, 26-week study.
Materials and methods: Individual treatment arms were placebo, ALO alone 
(12.5 or 25 mg qd), PIO alone (15, 30, or 45 mg qd), and the combinations 
of each ALO dose with each PIO dose. The primary analyses compared PIO 
monotherapy (all doses pooled; n = 387) with ALO 12.5mg plus any dose of 
PIO (n = 390) or ALO 25mg plus any dose of PIO (n = 390).
Results: There were statistically significant (P<0.001) decreases from baseline 
in the mean HbA1c levels at Week 26 in subjects treated with ALO12.5 + PIO 
or ALO25 + PIO vs PIO alone. These decreases were seen as early as Week 4 
and were sustained through Week 26. The least squares (LS) mean change from 
baseline was -0.89%, -1.43%, and -1.42%, for PIO alone, ALO12.5 + PIO, and 
ALO25 + PIO groups, respectively (Figure A). Each of the individual combi-
nation therapy arms had significantly greater efficacy at lowering HbA1c than 
either component monotherapy (Figure B). For fasting plasma glucose (FPG), 
the LS mean change from baseline at Week 26 was -28, -45, and -44mg/dL for 
the PIO alone, ALO12.5 + PIO, and ALO25 + PIO groups, respectively. Weight 
gain in the ALO + PIO groups was within the expected range previously re-
ported for PIO. Also, weight gain was not associated with peripheral edema, 
and a parallel increase in edema-related adverse events was not observed.
Conclusion: In conclusion, ALO combined with PIO was well tolerated and 
produced statistically significant reductions in HbA1c and FPG. The combina-
tions of ALO (12.5 or 25mg qd) plus PIO (15, 30, or 45mg qd) were signifi-
cantly more effective than either component monotherapy. 

Supported by: Takeda Global Research & Development Center, Inc.
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Reaching HbA1c goals with saxagliptin in combination with metformin 
or sulfonylurea
R. Chen, Z. Xu, Y. Duan, A. Apanovitch; 
Bristol-Myers Squibb, Princeton, United States.

Background and aims: Saxagliptin (SAXA) is a potent, selective dipeptidyl 
peptidase-4 (DPP-4) inhibitor, specifically designed for extended inhibition 
of the DPP-4 enzyme. Metformin (MET) and sulfonylurea (SU) are two of 
the most commonly used agents to treat type 2 diabetes (T2D). Three mul-
ticenter, randomized, double-blind, 24-wk phase 3 trials (CV181-) assessed 
the efficacy and safety of SAXA as add-on to background MET (-014), as 
initial combination therapy with MET (-039), or as add-on to the SU glybu-
ride (GLY) (-040) in patients (pts) with T2D and inadequate glycemic con-
trol. Previously-treated pts with inadequate glycemic control (-014, -040) and 
treatment-naïve pts with high mean baseline (BL) HbA1c (-039) were studied; 
data for SAXA 5 mg (the proposed usual clinical dose) vs control are pre-
sented with a focus on the proportion of pts reaching predefined HbA1c goals 
of <7.0% and ≤6.5%.
Materials and methods: In the add-on to MET study, 743 pts inadequately 
controlled on MET alone (HbA1c 7.0%-10.0%; mean BL HbA1c 8.0%; mean 
T2D duration 6.5 yrs) were randomized to SAXA or placebo (PBO) in addi-
tion to each pt’s ongoing dose of MET. In the initial combination study, 1306 
drug-naïve pts (HbA1c 8.0%-12.0%; mean BL HbA1c 9.5%; mean T2D dura-
tion 1.7 yrs) were randomized to SAXA + MET, SAXA + PBO, or MET + 
PBO. In the add-on to SU study, 768 pts inadequately controlled on SU alone 
(HbA1c 7.5%-10.0%; mean BL HbA1c 8.4%; mean T2D duration 6.9 yrs) were 
randomized to SAXA or uptitrated GLY + PBO in addition to open-label GLY. 
Blinded uptitration was allowed in the uptitrated GLY + PBO arm to a maxi-
mum total daily dose of GLY 15 mg. Efficacy analyses for continuous variables 
were performed using an ANCOVA model with last-observation-carried-for-
ward methodology; the proportion of pts reaching HbA1c goals were exam-
ined using the Fisher exact test. HbA1c goals were predefined for each study.
Results: At 24 wks, pts treated with SAXA + MET as add-on or initial combina-
tion therapy or with SAXA + GLY demonstrated statistically significantly greater 
decreases from BL in HbA1c vs control. In all three studies, statistically signifi-
cantly greater proportions of SAXA-treated pts achieved HbA1c goals of <7.0% 
and ≤6.5% vs control at 24 wks (Table). More than twice as many pts treated with 
SAXA added to MET (-014) or GLY (-040) achieved the HbA1c goal of <7% and 
≤6.5% relative to control at 24 wks. For all three studies, the frequency of adverse 
events (AEs) was generally similar for SAXA vs control (Table).
Conclusion: Saxagliptin 5 mg + MET, as either add-on or initial combination 
therapy, and saxagliptin 5 mg + SU, significantly improved glycemic control 
and more patients achieved predefined HbA1c goals vs control. Saxagliptin in 
combination with MET or SU was generally well tolerated and may be a suit-
able combination partner in a broad range of patients with T2D.

Supported by: BMS and AZ

754
Long-term efficacy with sitagliptin as monotherapy or add-on therapy to 
metformin: improvement in glycaemic control over 2 years in patients 
with type 2 diabetes
D. Williams-Herman, T. Seck, G. Golm, H. Wang, J. Johnson, K. Kaufman, 
B.J. Goldstein; 
Merck Research Laboratories, Rahway, United States.

Background and aims: The long-term efficacy of sitagliptin as monotherapy 
or as add-on therapy to metformin was evaluated over 2 years in 2 pooled 
populations of patients with type 2 diabetes (T2DM).
Materials and methods: For the monotherapy analysis, data from 2 clini-
cal trials were pooled, and the HbA1c response over time was examined in 
the cohort of 147 patients not on an antihyperglycemic agent at screening 
and with a common baseline HbA1c of 7.5%-10%. For the add-on therapy to 

metformin analysis, data from 2 other clinical trials were pooled for this co-
hort of 852 patients on ≥1500 mg/day and with a common baseline HbA1c of 
7%-10%. Data following initiation of an additional antihyperglycemic agent 
(used as glycemic rescue therapy in some studies) were treated as missing. 
Missing data were not imputed.
Results: Mean baseline values for the pooled monotherapy cohort included: 
age 53 years, HbA1c 8.5%, fasting plasma glucose (FPG) 187 mg/dL, and du-
ration of T2DM 4.9 years. Sitagliptin monotherapy decreased mean HbA1c 
from 8.5% at baseline to 6.9% at 2 years (Figure A). Mean baseline values for 
the pooled add-on to metformin cohort included: age 56 years, HbA1c 8.0%, 
FPG 173 mg/dL, and duration of T2DM 6.5 years. The addition of sitagliptin 
to ongoing metformin therapy decreased mean HbA1c from 8.0% at baseline 
to 6.9% at 2 years (Figure B). Treatment with sitagliptin was generally well 
tolerated over 2 years in each of the 4 clinical trials from which the pooled 
populations were drawn.
Conclusion: Sitagliptin as monotherapy or as add-on therapy to metformin 
in patients with T2DM provided substantial improvement in glycemic con-
trol over 2 years.

Supported by: MRL
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PS 59 Incretin-based therapies - 
cardiovascular risk factors
755
Weight loss and associated changes in glycaemic control and 
cardiovascular biomarkers in patients with type 2 diabetes mellitus 
receiving incretin therapies in a large cohort database
R. Berria1, J. Rosenstock2, C. Silberman1, K.L. Davis3, E.S. Horton4; 
1Diabetes Franchise, Roche Laboratories, Inc, Nutley, 2Dallas Diabetes and 
Endocrine Center, Dallas, 3RTI Health Solutions, Nutley, 4Joslin Diabetes 
Center, Boston, United States.

Background and aims: In clinical trials, incretin therapies improve glycemic 
control and cardiovascular (CV) risk factors such as blood pressure (BP) and 
lipids. GLP-1 agonists also produce weight loss (WL), and DPP-IV inhibi-
tors are weight neutral. However, the effect of GLP-1 agonist-induced WL 
on glycemic control and CV biomarkers has not been examined in a large 
cohort database.
Materials and methods: We analyzed retrospectively the GE Centricity elec-
tronic medical records database to explore the association between WL and 
glycemic control, changes in BP, and changes in lipids in patients with type 2 
diabetes (T2DM) who initiated exenatide (EXN), sitagliptin (SIT), or insulin 
(INS) in 2005-2007 in the United States. Patients had baseline and 1 yr fol-
low-up data for body weight, A1C, fasting glucose (FPG), BP, total cholesterol 
(TC), LDL-C, HDL-C, and triglycerides (TG). Multivariate regression and 
correlation analyses were conducted, adjusting for baseline factors and out-
come measures.
Results: A total of 6280, 5861, and 32,398 patients on EXN, SIT, and INS, 
respectively, were studied (baseline factors shown in the Table). Patients on 
EXN and SIT had WL (mean± SE) of 3.0±0.09 and 1.1±0.07 kg, respectively, 
whereas INS was associated with a slight weight gain (0.6±0.05 kg). WL was 
associated with reductions in BP in all groups (p<0.0001) and reductions of 
TG in the EXN and SIT groups (p<0.05). Moreover, EXN showed improve-
ments in A1C, FPG (p<0.0001 both), TC (p<0.0001), and LDL-C (p=0.004), 
which were correlated with WL after multivariate adjustment. There was no 
correlation with WL and A1C and FPG for SIT, and correlations were nega-
tive with INS (p<0.0001). EXN patients who lost ≥4.5 kg were more likely to 
achieve A1C<7% with an adjusted odds ratio [OR] of 2.01[95% CI 1.52, 2.67] 
compared with those who lost no weight; where this OR was 1.39 [1.00,1.93] 
and 1.50 [1.25,1.80] for SIT and INS; respectively.
Conclusion: Thus, in a large cohort of patients with T2DM, even a small de-
gree of WL was associated with significant improvement of BP. Furthermore, 
GLP-1 agonists provided additional benefits on lipids when WL was ≥4.5 kg, 
and significant incremental benefits in glycemic control were associated with 
WL. Therefore, the greater WL associated with GLP-1 agonists and its associ-
ated improvement in glycemic control, BP, and lipids may convey long-term 
CV benefits in T2D.

Mean±SD EXN SIT INS
HbA1c (%) 7.7±1.54 7.7±1.53 8.8±2.28
BW (kg) 110±24.7 97±23.4 96±25.0
SBP (mmHg) 130±16.1 130±17.0 132±19.7
DBP (mmHg) 77±10.0 76±10.5 75±11.8
TG (mg/dL) 209±166.9 188±166.3 223±248.3
LDL-C (mg/dL) 95±35.8 96±35.7 100±40.4
HDL-C (mg/dL) 43±11.6 44±12.4 45±14.3
TC (mg/dL) 177±45.7 175±44.7 183±53.0

756
Exenatide once weekly reduced HbA1c, weight, and cardiovascular risk 
factors across a wide BMI range
J. Ruggles, K. Taylor, T. Okerson, P. Yan, S. Miller, T. Kim, M. Wintle; 
Amylin Pharmaceuticals, Inc., San Diego, United States.

Background and aims: Type 2 diabetes (T2DM) is often accompanied by 
cardiometabolic complications including obesity, hypertension, and dyslipi-
demia that elevate patients’ risk of cardiovascular (CV) disease. In a 30-week 
open-label phase 3 study, exenatide once weekly (QW 2 mg) improved gly-

caemic control with associated weight reduction and improvement in CV risk 
factors in patients with T2DM (N = 148, HbA1c 8.3 ± 1.0%, weight 102 ± 19 
kg, BMI 35 ± 5 kg/m2, diabetes duration 7 ± 5 y, mean ± SD). HbA1c and 
weight reductions from baseline to Week 30 were -1.9 ± 0.1% and -3.7 ± 0.5 
kg, respectively (LS mean ± SE). Because higher BMI has been associated 
with an increased risk of diabetes complications, we examined the relation-
ship between baseline BMI and changes in CV risk factors with exenatide 
QW treatment.
Materials and methods: The association between BMI at baseline and HbA1c 
reduction at Week 30 in the overall ITT population was examined using the 
Pearson correlation coefficient. We also examined the cardiometabolic profile 
in subgroups of the population stratified by baseline BMI (<30 [n = 24], 30 
to <35 [n = 58], 35 to <40 [n = 44], ≥40 kg/m2 [n = 22]). Comparisons across 
the BMI subgroups for each parameter were made using an ANCOVA model 
with baseline BMI stratum as the factor and baseline value of the parameter 
as a covariate.
Results: The analysis indicated that HbA1c reduction was not significantly 
correlated with baseline BMI (Pearson r = 0.02) and that improvements in 
HbA1c and CV risk factors were apparent in all BMI subgroups (Table). Fur-
ther, comparison across the BMI subgroups demonstrated no statistically sig-
nificant differences between subgroups in change from baseline for HbA1c, 
weight, blood pressure, total cholesterol, LDL, or triglycerides. Exenatide 
QW was generally well tolerated. Nausea was reported in 26% of patients and 
was predominantly mild in intensity and transient. No major hypoglycaemia 
was observed.
Conclusion: In this study, exenatide QW improved glycaemic control, 
weight, blood pressure, and lipids for patients with T2DM across a wide range 
of BMI, from mildly overweight to morbidly obese.

Endpoint
Δ from Base-
line

Baseline BMI Subgroup (kg/m2) ANCOVA
P-value†<30 30 to <35 35 to <40 ≥40

HbA1c (%) -1.6 ± 0.2* -1.8 ± 0.1* -1.4 ± 0.1* -1.5 ± 0.2* 0.09
Weight (%) -2.9 ± 1.3* -3.5 ± 0.7* -3.6 ± 0.8* -5.4 ± 1.4* 0.66
Systolic BP 
(mmHg)

-3.0 ± 2.5 -4.7 ± 1.5* -3.8 ± 1.7* -5.7 ± 2.4* 0.86

Diastolic BP 
(mmHg)

-2.7 ± 1.6 -0.6 ± 1.0 -0.6 ± 1.1 -1.8 ± 1.6 0.63

Cholesterol 
(mmol/L)

-0.21 ± 0.14 -0.35 ± 0.09* -0.19 ± 0.1 -0.29 ± 0.15 0.64

LDL-C  
(mmol/L)

-0.07 ± 0.11 -0.19 ± 0.07* -0.01 ± 0.09 -0.06 ± 0.12 0.42

Triglycerides 
(%)

-16 ± 6* -15 ± 4* -15 ± 5* -15 ± 7 1.00

Triglycerides and weight are presented as LS mean ± SE % change. All other data 
are LS mean ± SE. *P<0.05, significant vs baseline; †Comparison across BMI 
subgroups using one-way ANCOVA with baseline BMI stratum as the factor and 
baseline value of the parameter as a covariate.
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Effects of exenatide vs insulin glargine on central haemodynamics in 
subjects with type 2 diabetes
A. Cohen1,2, E. Horton1,2, H. Gibson3, B. Lamparello1, S. Herzlinger Botein1,2, 
L. McFarland1; 
1Joslin Diabetes Center, 2Harvard Medical School, 3Harvard School of Public 
Health, Boston, United States.

Background and aims: Exenatide (EXN), a GLP-1 agonist, is an effective glu-
cose lowering therapy, primarily resulting in the reduction of postprandial 
glycemia. Data are emerging that GLP-1 may have beneficial effects on the 
cardiovascular system, including reduction in peripheral blood pressure and 
improvement in endothelial function. It is not known whether EXN has any 
effects on central hemodynamic parameters, which may be better markers for 
cardiovascular risk than peripheral blood pressure. We assessed the effects of 
EXN compared to insulin glargine (IG) on central hemodynamics and en-
dothelial function in subjects with DM2.
Materials and methods: 56 subjects with DM2 (HbA1c 8.15 ± 1.14%) were 
randomized to 3 months of treatment with either EXN or IG to obtain similar 
reductions in HbA1c. A liquid mixed meal test (MMT) using Boost [360 kcal, 
61.5g Carbohydrate, 15g Protein, and 6g Fat] was performed before and after 
3 months of therapy. Flow mediated dilation (FMD) of the brachial artery 
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and pulse wave analysis (PWA) were performed fasting, 2 hours, and 4 hours 
after the MMT before and after 3 months of therapy. Measurements of central 
hemodynamics by PWA included central pulse pressure (CPP), augmenta-
tion pressure (AP), and augmentation index (AI).
Results: 28 subjects were randomized to treatment with EXN and 28 to treat-
ment with IG. The EXN and IG groups had similar reductions in HbA1c [-
1.37 ± 1.16 vs. -0.85 ± 0.71%, respectively (p=.NS)]. The EXN group had a 
significant reduction in the systolic blood pressure (SBP) (-8.1 ± 12 (p=.002)] 
and diastolic blood pressure (DBP) [-4.9 ± 7.3 (p=.002)], while the IG group 
did not have a significant decrease in SBP or DBP. The EXN group had a sig-
nificant reduction in CPP and AP at all time points, and in AI 4 hours after 
the MMT (Table 1). The IG group had no improvement in any parameters 
of central hemodynamics. There was no effect of either treatment on FMD 
(Table 1) or response to nitroglycerin (data not shown).
Conclusion: In subjects with DM2, treatment with EXN, compared to IG, re-
sulted in a reduction in SBP and DBP, as has been previously reported. Treat-
ment with EXN also resulted in a reduction in CPP and AP, which has not 
been previously described. Reduction in CPP may more strongly predict a 
reduction in cardiovascular risk than the reduction in peripheral blood pres-
sure, and EXN may thus impart cardiovascular risk reduction by its effect 
on lowering CPP. These effects appear to be independent of overall glycemic 
control.

Supported by: Amylin, Inc., Clinical Investigator Training Program:BIDMC-
Harvard/MIT-HST, in collaboration with Pfizer, Inc. and Merck & Co.

758
Exenatide once weekly improved cardiometabolic risk factors in subjects 
with type 2 diabetes during one year of treatment
R. Bergenstal1, T. Kim2, P. Yan2, T. Darsow2, B. Walsh2, T. Okerson2, J. Han2; 
1International Diabetes Center, Minneapolis, 2Amylin Pharmaceuticals, Inc., 
San Diego, United States.

Background and aims: Patients with type 2 diabetes (T2DM) often exhibit 
a number of cardiometabolic abnormalities including hypertension, obesity, 
and dyslipidemia, which increase the risk for cardiovascular (CV) disease and 
nonalcoholic fatty liver disease (NAFLD). In a controlled, open-label trial, 30 
weeks of exenatide once weekly (QW) improved glycaemic control, reduced 
weight, and improved markers of CV risk in subjects with T2DM.
Materials and methods: We examined the cardiometabolic profile in sub-
jects who continued exenatide QW for a total of one year (n=120, baseline 
HbA1c 8.3±1.0%, BMI 35.2±5.0 kg/m2, age 56±9 y, mean±SD). Changes in 
concomitant antihypertensive and lipid lowering medications were allowed 
only if deemed necessary by the investigator.
Results: One year of exenatide QW improved HbA1c (-2.0±0.1%; LS 
mean±SE), FPG (-2.60±0.16 mmol/L), and weight (-4.1±0.6 kg), with nearly 
all subjects (98%) exhibiting improvement in HbA1c. Blood pressure, fast-
ing lipids, and the hepatic injury biomarker ALT were also improved, with 
greater improvements in subjects with abnormal baseline values. Weight 
change was mild to moderately correlated (r≤0.3125; p<0.05) with changes 
in DBP, LDL, cholesterol, and ALT, but not significantly correlated with SBP 
or triglycerides (TG). Nausea, predominantly mild in intensity, occurred in 
29% of subjects.
Conclusion: Improvements in cardiometabolic risk factors were sustained 
during one year of exenatide QW treatment; patients with abnormal baseline 
cardiometabolic risk factors exhibited the greatest improvements in those pa-
rameters. These data indicate that, in addition to improving glycaemic con-

trol and body weight, exenatide QW has the potential to improve the overall 
cardiometabolic risk profile in patients with T2DM.

759
Cardiovascular safety of exenatide BID: an integrated-analysis from 
long-term controlled clinical trials in subjects with type 2 diabetes
L. Shen, J. Han, I. Yushmanova, S. Bruce, K. Wilhelm, L. Porter; 
Amylin Pharmaceuticals, Inc., San Diego, United States.

Background and aims: Exenatide BID (Ex) is a first-in-class GLP-1 receptor 
agonist, with more than 750,000 patient-years of marketed exposure accu-
mulated worldwide, that is an antidiabetic medication associated with weight 
loss, improvements in lipid profile, reduction in blood pressure, and a low 
risk of hypoglycaemia in the absence of a sulphonylurea. To evaluate cardio-
vascular (CV) safety, a meta-analysis of CV events was performed.
Materials and methods: An integrated database of 12 completed, randomised 
controlled clinical trials ranging from 12 to 52 weeks was used to compare the 
relative risk (RR) of CV events with Ex (5 and 10 μg) versus a pooled compa-
rator group (PC) treated with either placebo or insulin. CV events included: 
stroke, myocardial ischaemia, myocardial infarction, cardiac mortality, ar-
rhythmia, revascularisation procedures, and congestive heart failure. Events 
were identified by preferred terms according to the Medical Dictionary for 
Regulatory Activities (MedDRA 11.0). In this integrated analysis, 2,279 Ex 
subjects and 1,629 PC subjects were treated for a total of 1,063 and 780 pa-
tient-years of exposure, respectively.
Results: Demographics were comparable (mean age 56 y, 53-55% M, BMI 31-
32 kg/m2, HbA1c 8.3-8.4%). The unadjusted incidence of experiencing at least 
one CV events was 2.0% for Ex and 2.6% for PC; the relative risk between 
Ex and PC was 0.69 (95% CI: 0.46-1.04) (calculated using Cochran-Mantel-
Haenszel estimate using study as a stratification factor). The Exposure Ad-
justed Incidence Rate (expressed as per 1000 patient years) was 43.7 for Ex 
and 54.4 for PC with a relative risk 0.80 (95% CI: 0.53-1.22) (calculated using 
a log-normal approximation method).
Conclusion: This analysis is consistent with long-term clinical trial data dem-
onstrating favourable effects of Ex on CV risk factors and suggests a potential 
benefit of Ex treatment, warranting further evaluation in an appropriately 
powered prospective outcomes study.

760
Effects of exenatide vs insulin glargine on cardiovascular risk factors in 
subjects with type 2 diabetes
E.S. Horton1, A. Cohen1, H. Gibson2, B. Lamparello1, S. Herzlinger1,  
L. McFarland1; 
1Joslin Diabetes Center, 2Harvard School of Public Health, Boston, United 
States.

Background and aims: Multiple factors contribute to the increased risk for 
cardiovascular (CV) disease in people with type 2 diabetes (DM2), including 
postprandial hyperglycemia and hypertriglyceridemia. Exenatide (EXN), a 
GLP-1 agonist, is an effective glucose lowering therapy, primarily resulting in 
the reduction of postprandial glycemia. Data in healthy adults suggest GLP-1 
may also improve postprandial lipemia, and studies in DM2 show lower post-
prandial triglycerides (TG) after 1 year of treatment with EXN. We assessed 
the effects of EXN compared to insulin glargine (IG) on postprandial lipemia 
and other CV risk factors in subjects with DM2 after 3 months of treatment.

SBP
(mmHg)

DBP
(mmHg)

LDL
(mmol/L)

TG
(mmol/L)

Cholesterol
(mmol/L)

ALT
(IU/L)

All Patients
Baseline 127.8±1.1 77.7±0.7 2.31±0.08 2.22±0.16 4.39±0.10 34.6±1.5
Δ at 52 weeks -6.2±1.2* -2.8±0.8* -0.06±0.06 -0.45±0.13* 0.20±0.08* -7.1±1.4*
Abnormal 
Baseline

≥130 ≥80 ≥2.59 ≥1.69 - >19/30 (F/M)

Baseline 139.4±1.2 84.7±0.6 3.29±0.63 3.20±0.25 - 42.4±1.9
Δ at 52 weeks -11.4±1.9*-6.5±1.2* -0.41±0.11* -0.95±0.23* - -11.4±2.0*
% Acheiving 
target for each 
parameter

50% 51% 31% 38% - 54%

Δ = LS mean±SE for blood pressure, mean±SE for lipids and ALT; *p<0.05 vs. baseline.
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Materials and methods: 56 subjects with DM2 (HbA1c 8.15 ± 1.14%) were 
randomized to 3 months of treatment with either EXN or IG to obtain similar 
reductions in HbA1c. Markers of CV risk were assessed, including changes in 
blood pressure (BP), weight, BMI, and waist circumference. A liquid mixed 
meal test (MMT) using Boost was done at baseline and after 3 months of 
therapy. Glucose, insulin, C-peptide, lipids, and free fatty acids were meas-
ured prior to and during the 4 hours following the mixed meal.
Results: 28 subjects were randomized to treatment with EXN and 28 to treat-
ment with IG. The EXN and IG groups had similar reductions in HbA1c [-
1.37 ± 1.16 vs. -0.85 ± 0.71%, respectively (p=.NS)]. The EXN group had sig-
nificantly greater reductions in weight [-3.4 ± 2.7 vs. 0.4 ± 1.6 kg (p<.0001)], 
BMI [-1.16 ± 0.92 vs. 0.14 ± 0.55 kg/m2 (p<.0001)], and waist circumference 
[-2.95 ± 3.5 vs. -0.56 ± 3.4 cm (p=.02)] compared to the IG group. There 
was also a significantly greater reduction in diastolic BP [-4.85 ± 7.3 vs. 0.15 
±9.7 mmHg (p=.038)], and a trend towards a greater reduction in systolic 
BP [-8.1 ± 12 vs. -2.5 ± 13 mmHg (p=NS)] in the EXN group compared to 
the IG group. Similar decreases in fasting glucose occurred. (-2.63 ± 2.86 vs 
-2.2 ± 2.04 mmol/L, p=NS) in the EXN and IG groups, respectively. There 
were no significant changes in fasting LDL, HDL, total cholesterol or TG in 
either group. As expected, during the MMT, the decrease in the incremen-
tal area under the curve (iAUC) for glucose was significantly greater in the 
EXN group than in the IG group (iAUC -554 ± 436 vs. -44 ± 355 mmol/L/4h, 
p=0.000). Importantly, there was also a significantly greater decrease in TG 
(iAUC -61.2 ± 80.6 vs -6.4 ± 49.8 mmol/L/4h, p=.005) (Fig 1).
Conclusion: In subjects with DM2, treatment with EXN for 3 months, com-
pared to IG, resulted in greater reductions in multiple cardiovascular risk fac-
tors, including postprandial changes in plasma glucose and serum triglycer-
ides, and reductions in body weight, BMI, waist circumference, and diastolic 
BP. These effects appear to be independent of overall glycemic control. 

Supported by: Amylin Pharmaceuticals, Inc., CITP Program, BIDMC/Har-
vard/MIT Health Sciences and Technology (Pfizer and Merck, Inc.)
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A meta-analysis of six clinical trials demonstrates that the once-daily 
human GLP-1 analogue liraglutide reduces systolic blood pressure
V. Fonseca1, A. Falahati2, M. Zychma3, S. Madsbad4, J. Plutzky5; 
1Tulane University Medical Center, Tulane University Health Sciences 
Center, New Orleans, United States, 2Novo Nordisk, Bagsvaerd, Denmark, 
3Novo Nordisk, Warsaw, Poland, 4University Hospital, Hvidovre, Denmark, 
5Brigham and Women’s Hospital, Boston, United States.

Background and aims: Type 2 diabetes (T2D) patients frequently have hy-
pertension, which contributes to the elevated cardiovascular risk observed 
in this population. The six large phase 3 Liraglutide Effect and Action in 
Diabetes (LEAD) studies have shown that, in T2D patients, the once-daily 
human GLP-1 analogue liraglutide reduces HbA1c

 by 1.0-1.5% with concomi-
tant mean weight loss of approximately 3 kg and, importantly, that it reduces 
systolic blood pressure (SBP) by 2.7-6.6 mmHg (min, max baseline SBP, 
mmHg: 128/76-134/81). We now have investigated the effect of liraglutide on 
SBP by quartile of baseline SBP.
Materials and methods: A meta-analysis across the LEAD studies was per-
formed. Patients treated with liraglutide 1.8 mg (n=1362), liraglutide 1.2 
mg (n=896) or placebo (PBO n=520) were stratified by quartile of baseline 
SBP. An ANCOVA model adjusted for trial, baseline SBP and baseline SBP 

quartile was employed to analyse mean SBP changes from baseline. Base-
line SBP quartile limits were 80 mmHg≤SBP≤120 mmHg in Q1; 120 mmHg 
<SBP≤130 mmHg in Q2; 130 mmHg <SBP≤140 mmHg in Q3 and 140 
mmHg <SBP≤190 mmHg in Q4. The investigators did not receive specific 
instructions on lowering blood pressure with medications during the trials, 
in which HbA1c reduction was the primary endpoint.
Results: Overall, mean SBP decreased significantly from baseline with li-
raglutide 1.8 mg and liraglutide 1.2 mg by 2.6 mmHg (p=0.0008) and 2.5 
mmHg (p=0.0030), respectively, and was sustained for 26 weeks. No signifi-
cant change was seen with PBO (-0.2 mmHg, p=0.7828). Repeated measure 
analysis with a model adjusted for baseline SBP quartile was used to inves-
tigate the longitudinal effect on SBP from baseline to week 26. Full impact 
on SBP was achieved at first visit after 2 weeks (Figure) before any major 
weight loss had occurred. The effect associated with baseline SBP quartile was 
significant (p<0.0001). The greatest reductions were observed in the quartile 
with highest baseline SBP. Thus, changes from baseline of -11.4 mmHg in Q4, 
-4.7 mmHg in Q3, -0.4 mmHg in Q2 and +4.8 mmHg in Q1 were observed 
with liraglutide 1.8 mg. Similarly, changes of -11.4 mmHg in Q4, -6.2 mmHg 
in Q3, +0.4 mmHg in Q2 and +5.4 mmHg in Q1 were observed with liraglu-
tide 1.2 mg.
Conclusion: Overall, liraglutide treatment reduces and sustains SBP over 26 
weeks, especially in patients with elevated SBP at baseline. The impact on 
SBP is achieved within 2 weeks and cannot be explained by weight loss alone. 
Thus, liraglutide treatment may improve the cardiovascular risk profile of 
T2D patients, with patients with elevated SBP possibly experiencing a greater 
benefit.

Supported by: Novo Nordisk

762
Meta-analysis demonstrates that liraglutide, a once-daily human 
GLP-1 analogue, significantly reduces lipids and other markers of 
cardiovascular risk in type 2 diabetes
J. Plutzky1, A. Garber2, A.D. Toft3, N.R. Poulter4; 
1Cardiovascular Division, Brigham and Women’s Hospital, Boston, United 
States, 2Baylor College of Medicine, Houston, United States, 3Novo Nordisk, 
Bagsvaerd, Denmark, 4Imperial College, London, United Kingdom.

Background and aims: Type 2 diabetes (T2D) is characterised by abnormal lipid 
profiles and raised levels of biomarkers that predict cardiovascular risk, including 
brain natriuretic peptide (BNP), high sensitivity C reactive protein (hsCRP), and 
apolipoprotein B (Apo B). In clinical trials, the once-daily human GLP-1 ana-
logue liraglutide was shown to improve HbA1C by 1.0-1.5%, produce sustained 
weight reductions of 2-3 kg, and reduce SBP by 2-6 mmHg when given for up to 
52 weeks. We aimed to assess the impact of liraglutide on lipids and other cardio-
vascular (CV) risk markers using meta-analysis of a clinical trial database.
Materials and methods: We conducted a meta-analysis (ANCOVA, ITT, 
LOCF) of six randomised controlled phase 3 trials that compared liraglu-
tide 1.8 mg OD with other T2D therapies (glimepiride, rosiglitazone, insulin 
glargine, exenatide) and placebo (n=3967).
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Results: After 26 weeks of liraglutide, total cholesterol, low-density lipopro-
tein-cholesterol (LDL-C), free fatty acids (FFA) and triglycerides (TG) all 
decreased significantly compared with baseline (p<0.01 for all) (Table). With 
other therapies, these lipids did not all decrease significantly vs baseline (Ta-
ble). BNP decreased vs baseline by 11.9% with liraglutide (p<0.01), but in-
creased by 30.9% with rosiglitazone (p<0.0001); changes with other therapies 
were not significant (NS). hsCRP decreased by 23.1% (liraglutide, p<0.0001), 
42.6% (rosiglitazone, p<0.0001), 12.3% (glimepiride, p<0.05), 15.6% (ex-
enatide, p<0.05), but was NS with glargine or placebo. ApoB levels did not 
change significantly with any treatments. High-density lipoprotein decreased 
significantly from baseline with all interventions except rosiglitazone.
Conclusion: In addition to significantly improving levels of total cholesterol, 
LDL-C, FFA, and TG in patients with T2D, treatment with liraglutide for 26 
weeks also significantly reduced BNP and hsCRP, two markers of CV risk. 
Liraglutide may reduce CV risk by additional mechanisms in addition to its 
known effects on glycaemia, weight and systolic blood pressure.

Change in lipid levels from baseline to 26 weeks.
Liraglutide; 
n=1363a

Rosiglitazone; 
n=896a

Glimepiride; 
n=231a

Glargine; 
n=490a

Exenatide; 
n=231a

Placebo; 
n=524a

Lipid change 
(mmol/L)
Total choles-
terol (TC)

-0.13** 0.29** -0.05 0.02 -0.05 0.01

Low den-
sity lipoprotein 
(LDL)

-0.20*** 0.06 -0.12* -0.07 -0.15* -0.13*

Very low den-
sity lipoprotein 
(VLDL)

0.10** 0.22*** 0.12** 0.12** 0.16** 0.16***

High den-
sity lipoprotein 
(HDL)

-0.04*** 0.02 -0.04** -0.04** -0.05** -0.03*

Free fatty acids 
(FFA)b

-0.09*** - -0.05** - -0.03 -0.06*

Triglycerides 
(TG) 

-0.20** -0.05 -0.16 -0.15 -0.05 0.02

CV risk 
marker relative 
change (%)
Brain natri-
uretic peptide 
(BNP)c

-11.9** 30.9*** 0.1 10.2 -3.9 1.4

High sensitivity 
C reactive pro-
tein (hsCRP)c

-23.1*** -42.6*** -12.3* 2.8 -15.6* -3.0

an values show all patients in each group. n values for each analysis were smaller, 
depending on availability of data. Meta-analysis of LEAD 1-6, except as follows: bLEAD 
2,3,6; cLEAD 1-2, 4-6. *p<0.05; **p<0.01; ***p<0.0001 vs baseline.
Supported by: Novo Nordisk
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Assessing the cardiovascular safety of vildagliptin: a meta-analysis of 
adjudicated cardiovascular and cerebrovascular events from a large 
phase 3 population
A. Schweizer1, S. Dejager2, Q. Shao3, M. Ligueros-Saylan3, W. Kothny3; 
1Novartis Pharma AG, Basel, Switzerland, 2Novartis Pharma S.A.S., Rueil-
Malmaison, France, 3Novartis Pharmaceuticals Corporation, East Hanover, 
United States.

Background and aims: While the direct cardiovascular benefits of improving 
glycemic control are still not clearly established in type 2 diabetes (T2DM), 
there has recently been an intense discussion of the cardiovascular safety of 
some anti-diabetic agents. It is therefore critical to provide a thorough evalu-
ation of the cardiovascular and cerebrovascular (CCV) safety of new anti-
diabetic agents, even before the results of long-term outcome studies become 
available.This work aimed to assess the CCV safety of vildagliptin, a potent 
and selective DPP-4 inhibitor, in a large population representative of T2DM 
patients, applying methodology put forward by a new FDA guidance.
Materials and methods: Twenty phase 3 double-blind clinical trials (mono-
therapy and combination therapy; ranging in duration from 24 to more than 

104 weeks) were included. A meta-analysis using Peto fixed effects odds ratio 
was performed to compare vildagliptin treatment groups (doses of 50 mg qd 
and 50 mg bid; n=6978) to the all comparators group (placebo and active-con-
trolled treatment groups; n=4773) using a composite endpoint of adjudicated 
CCV events. These events were adjudicated as “confirmed” by the blinded as-
sessment of an independent CCV adjudication committee; categories includ-
ed were acute coronary syndrome, sudden cardiac death, stroke and transient 
ischemic attack with imaging evidence of infarction. This meta-analysis com-
bined within-study treatment comparisons and therefore indirectly adjusted 
for study level factors that could affect the occurrence of adverse events (e.g. 
different durations of exposure or different study populations).
Results: The phase 3 population was well representative of a T2DM popula-
tion, with mean age ~56 years, slight male predominance (~55/45%), mean 
BMI ~31.4 kg/m2 (> 50% were obese), disease duration of ~4.2 years and 
mean baseline HbA1c of ~8.1%. About 18% of patients had medical history 
in the ‘Cardiac Disorders’ System Organ Class category, ~43% had dyslipi-
demia and ~ 58% hypertension. The incidences and odds ratios for confirmed 
adjudicated CCV events are shown below. Vildagliptin was not associated 
with any increased risk relative to all comparators, the odds ratios being 1.02 
for vildagliptin 50 mg qd and 0.84 for vildagliptin 50 mg bid; the 95% CIs 
included 1 (0.43 - 2.44 and 0.61 - 1.16, respectively).

Conclusion: This large meta-analysis demonstrated that vildagliptin is not 
associated with an increased risk for adjudicated CCV events relative to all 
comparators, confirming the favorable cardiovascular safety profile of the 
drug.
Supported by: Novartis Pharmaceuticals
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Hepatic safety profile of vildagliptin, a new DPP-4 inhibitor for the 
treatment of type 2 diabetes
W. Kothny1, A. Schweizer2, S. Dickinson2, M. Ligueros-Saylan1; 
1Novartis Pharmaceuticals Corporation, East Hanover, United States, 
2Novartis Pharma AG, Basel, Switzerland.

Background: Vildagliptin is a potent and selective DPP-4 inhibitor that im-
proves islet function by increasing α- and β-cell responsiveness to glucose. 
Vildagliptin does not have the preclinical characteristics of a hepatotoxic 
agent. The product information describes rare cases of potential drug-in-
duced hepatitis and recommends hepatic enzyme monitoring. The results of 
the most recent hepatic analysis are presented based on an a data integration 
done in November 2008.
Objective: To characterize the hepatic safety profile of vildagliptin in diabetic 
patients.
Methods: Safety data from 36 phase 2 and 3 clinical trials (monotherapy and 
combination therapy, ranging in duration from 12 to more than 104 weeks) 
were pooled including 3 open-label studies. A meta-analysis using Peto fixed 
effects odds ratio was performed to compare vildagliptin treatment groups to 
the all comparators group (placebo and active-controlled treatment groups 
pooled) with respect to the risk of hepatic adverse events and persistent he-
patic enzyme elevations defined as 2 consecutive elevations or an elevation 
at the last visit.
Results: More than 11000 patients have been treated with vildagliptin. The 
overall incidences of hepatic events for vildagliptin were generally similar to 
the comparator incidences with corresponding Peto ORs slightly above or be-
low 1. A similar pattern was observed for serious hepatic events, with overall 
very small event numbers (Figure).The risk of having an ALT/AST ≥3 x ULN 
was slightly increased for vildagliptin relative to all comparators with no dose 
response relationship (Figure). In contrast, for ALT/AST ≥3 x ULN accompa-
nied by bilirubin >ULN the odds ratios were less than 1.0 for each vildagliptin 
dose regimen (Figure). Hepatic enzyme elevations ALT/AST ≥10 x ULN; or 3 
x ULN accompanied by bilirubin ≥2ULN were rare with a incidence similar 
to comparators. 2 cases of ALT/AST ≥3 x ULN with bilirubin ≥2ULN were 
attributed to vildagliptin by an independent and blinded expert panel. Both 
cases were asymptomatic, did not require hospitalization, and resolved on 
cessation of treatment without clinical sequelae.
Conclusion: Although a slightly higher risk of milder hepatic enzyme eleva-
tions was observed with vildagliptin, this does not translate into an increased 
risk of more severe hepatic enzyme elevations or an increased risk of actual 
hepatic adverse events. In a clinical setting, however, hepatic enzymes should 
be monitored consistent with the label and clinical practice.
Figure: Incidence and odds ratio for selected hepatic adverse events (ex-
cluding open label safety population) and treatment-emergent persistent 
on-treatment hepatic enzyme elevations by treatment (including open label 
safety population).

Supported by: Novartis Pharmaceuticals
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Alogliptin use in the elderly: a pooled analysis from Phase 2-3 studies
R. Pratley1, T. McCall2, P. Fleck3, C. Wilson3, Q. Mekki3; 
1University of Vermont School of Medicine, Colchester, 2Takeda 
Pharmaceuticals North America, Inc., Deerfield, 3Takeda Global Research & 
Development Center, Inc., Lake Forest, United States.

Background and aims: Here we report the results of a pooled analysis of 
elderly type 2 diabetes patients treated with the DPP-4 inhibitor, alogliptin 
(ALO).
Material and methods: Six phase 2-3 double-blind, placebo (PBO)-control-
led, randomized studies evaluated the efficacy and safety of ALO 12.5 or 25 
mg qd for up to 26 weeks. Among the subset of elderly subjects (≥65 yrs), 
350 received ALO; among the subset of younger subjects (<65 yrs), 1482 re-
ceived ALO. Comparisons were made on the PBO-corrected data between 
ALO dose groups and cohorts using an ANCOVA analysis with missing data 
imputed using the LOCF method (P<.05=significant).
Results: Among ALO-treated younger subjects, 74.3% completed the study 
vs 83.4% of elderly subjects. Mean age in the younger and elderly cohorts was 
52 and 70 yrs, respectively. Mean baseline and LS mean change from baseline 
(CFB) values for A1c, fasting plasma glucose, and weight showed minor vari-
ations between age cohorts. However, there were no statistically significant 
age-group differences in the PBO-corrected LS mean CFB for any measured 
parameter between age cohorts. ALO was generally well tolerated in elderly 
subjects. Overall, the rate of any serious AE and AEs leading to discontinua-
tion were somewhat higher in the elderly subjects.
Conclusion: Elderly patients realized the same beneficial effects of ALO on 
glycemic endpoints as younger patients. Alogliptin is an effective and well 
tolerated treatment option for elderly patients with type 2 diabetes. 
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Patients ≥65 yrs 
PBO N=105 ALO 12.5 mg N=175 ALO 25 mg N=175
BL Δ±SE BL Δ±SE BL Δ±SE

A1c (%) 8.15 -0.18 (0.083) 8.00 -0.69 (0.063) † 8.02 -0.77 
(0.063) †

FPG (mg/
dL)

178.4 -6.8 (4.73) 168.6 -20.6 (3.60)† 168.7 -23.1 (3.58)†

Weight (kg) 83.9 -0.22 (0.229) 83.4 -0.03 (0.227) 83.9 -0.05 (0.227)
Any AE 68 (64.8%) 117 (66.9%) 111 (63.4%)
AEs leading 
to dc

2 (1.9%) 6 (3.4%) 7 (4.0%)

Any Serious 
AE

6 (5.7%) 8 (4.6%) 13 (7.4%)

Hypoglyce-
mic event

11 (10.5%) 14 (8.0%) 13 (7.4%)

Patients <65 
yrs

PBO N=429 ALO 12.5 mg  N=747 ALO 25 mg N=735
BL Δ±SE BL Δ±SE BL Δ±SE

A1c (%) 8.42 -0.07 (0.041) 8.23 -0.53 (0.030)† 8.22 -0.61 (0.030)†

FPG (mg/
dL)

181.6 3.3 (2.31) 175.6 -8.8 (1.72) † 175.2 -12.6 (1.74) †

Weight (kg) 90.7 0.37 (0.147) 88.7 0.58 (0.109) 88.4 0.41 (0.110)
Any AE 279 (65.0%) 492 (65.9%) 475 (64.6%)
AEs leading 
to dc

9 (2.1%) 15 (2.0%) 15 (2.0%)

Any Serious 
AE

14 (3.3%) 28 (3.7%) 29 (3.9%)

Hypoglyce-
mic event

31 (7.2%) 62 (8.3%) 48 (6.5%)

†P<.05 for comparison vs placebo within age group.

Supported by: Takeda Global Research & Development Center, Inc.

766
Efficacy and safety of saxagliptin 5 mg once-daily therapy in elderly 
patients with type 2 diabetes mellitus
P. Maheux1, J. Doucet2, E. Allen3, S. Ravichandran3, S. Harris4, R. Chen3,  
C. Brullé5; 
1AstraZeneca ISMO Europe, Brussels, Belgium, 2CHU Rouen, Rouen, 
France, 3Bristol-Myers Squibb, Princeton, United States, 4AstraZeneca, 
Wilmington, United States, 5Bristol-Myers Squibb EMEA, Paris, France.

Background: The prevalence of type 2 diabetes mellitus (T2DM) increases 
with age and most patients require a combination of antidiabetic drugs to 
achieve glycaemic control (HbA1c <7%). The antihyperglycaemic agent 
saxagliptin (SAXA) is a potent, selective dipeptidyl peptidase-4 (DPP-4) in-
hibitor, specifically designed for extended inhibition of the DPP-4 enzyme.
Aims: This subgroup analysis examined the efficacy and safety of SAXA 5 mg 
treatment in younger (<65 years) and older (≥65 years) patients with T2DM.
Methods: SAXA 5 mg treatment was investigated in 882 patients (18-77 years 
of age) with inadequately controlled T2DM (HbA1c ≥7.0%) in five double-
blind, placebo-controlled, Phase III studies. Following a placebo run-in pe-
riod, patients were randomised to SAXA 5 mg once daily (o.d.; n=882) or 
placebo (n=799). The data presented focus on patients who received SAXA 5 
mg monotherapy or placebo o.d. (CV181-011; CV181-038), or SAXA 5 mg or 
placebo o.d. plus each patient’s stable dose of metformin (MET; CV181-014), 
glibenclamide (GLIB; CV181-040), or thiazolidinedione (CV181-013) for 24 
weeks. In study CV181-040, blinded up-titration of GLIB was allowed in the 
GLIB-only arm. The primary endpoint of all studies was HbA1c change from 
baseline at Week 24.
Results: Treatment groups were well balanced for baseline characteristics 
within each study. At Week 24, for each age subgroup, larger reductions 
in pooled adjusted-mean HbA1c change from baseline were observed with 
SAXA 5 mg, compared with placebo (Table). Adverse events (AEs) rates were 
similar with SAXA 5 mg compared with placebo in both older and younger 
patients.

Conclusion: The combined analysis of saxagliptin monotherapy and add-on 
therapy trials demonstrated similar efficacy (HbA1c reductions) and tolerabil-
ity in younger (<65 years) and older (≥65 years) patients with inadequately 
controlled T2DM. 

<65 years of age ≥65 years of age
Pooled SAXA 
5 mg
(n=723)*

Pooled  
placebo
(n=643)*

Pooled SAXA 
5 mg
(n=138)*

Pooled 
placebo
(n=136)*

HbA1c** -0.68
[-0.75, -0.61]

-0.01
[-0.09, 0.07]

-0.73
[-1.04, -0.42]

-0.17
[-0.45, 0.10]

Difference from 
placebo

-0.67
[-0.77, -0.56]

-0.55
[-0.97, -0.14]

*Total of evaluable patients for the HbA1c efficacy endpoint.
**Adjusted-mean % change from baseline [95% two-sided confidence inter-
vals].

Supported by: AZ/BMS Clinical Research Programme

767
Albiglutide, a long-acting GLP-1-receptor agonist, for the treatment of 
type 2 diabetes: an analysis of gastrointestinal adverse events over time
M.W. Stewart1, J.E.B. Reusch2, M.A. Bush3, F. Yang1, J. Rosenstock4; 
1GlaxoSmithKline, King Of Prussia, 2Denver VAMC, Denver, 
3GlaxoSmithKline, Research Triangle Park, 4Dallas Diabetes and Endocrine 
Center at Medical City, Dallas, United States.

Background and aims: Gastrointestinal (GI) adverse events can limit adher-
ence to GLP-1-receptor agonist therapies. The goal of this analysis was to sys-
tematically assess the time course of nausea or vomiting following treatment 
with albiglutide (ALB), a GLP-1-receptor agonist suitable for once-weekly or 
less-frequent dosing.
Materials and methods: A 16-week randomized, multicenter, double-blind, 
parallel-group study was conducted. A total of 356 subjects (mean age 54 
years, BMI 32.1 kg/m2) with type 2 diabetes (mean duration 5 years, HbA1c 
8.0%) received placebo, ALB [weekly (4, 15 or 30 mg), every other week (bi-
weekly; 15, 30 or 50 mg) or monthly (50 or 100 mg)], or exenatide twice daily 
(open-label reference arm administered per label) over 16 weeks. Rates of 
nausea or vomiting were captured on a weekly basis.
Results: The incidence of nausea and/or vomiting was 11.8% with placebo 
and 45.7% with exenatide (used as a clinical reference to put ALB-related 
nausea/vomiting in perspective). The incidence of nausea and/or vomiting 
reported for the maximum dose in each ALB schedule was: 29% for 30 mg 
weekly; 54.3% for 50 mg biweekly; and 55.9% for 100 mg monthly. Of note, 
the percentage of subjects receiving ALB having nausea or vomiting for more 
than 7 days ranged from 0-15.6%, compared with 31.4% with exenatide. All 
nausea or vomiting events for 30 mg weekly ALB were mild, and > 90% of 
events with 50 mg biweekly or 100 mg monthly dosing were mild or moder-
ate. In the exenatide group, 63.6% of events were mild and 36.4% were mod-
erate. The incidence of nausea or vomiting was lower with more frequent, 
smaller ALB doses than with less frequent, larger ALB doses. Nausea and/
or vomiting correlated with ALB exposure and clearly decreased over time. 
There was a low incidence of nausea or vomiting in the 30 mg weekly dose of 
ALB, with no nausea or vomiting reported after week 8. The 50 mg biweekly 
dose was generally associated with a low incidence of nausea and/or vomit-
ing that decreased gradually over time. For the 100 mg monthly dose, rates of 
nausea and/or vomiting increased following each injection but markedly dis-
sipated during the interim period between injections. Rates of nausea and/or 
vomiting for exenatide increased after 4 weeks, when uptitration from 5 µg to 
10 µg occurred. Of the 2 symptoms, the incidence of nausea predominated; 
vomiting followed a similar time course, but with lower incidence. However, 
more vomiting (with or without nausea) than nausea alone was observed for 
the 100 mg monthly dose and was associated with the occurrence of peak 
plasma ALB concentrations.
Conclusion: Weekly 30 mg ALB administration shows a favorable GI toler-
ability profile as compared with other ALB regimens and exenatide, and in a 
manner associated with the level of exposure.
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Supported by: GlaxoSmithKline

768
Safety and tolerability of exenatide BID in patients with type 2 diabetes: 
integrated analysis of 3854 patients from 11 comparator controlled 
clinical trials
M. Wintle1, S. Bruce1, L. MacConell1, C. Brown1, J. Han1, D. Nicewarner1,  
T. Okerson1, D. Braun2, G. Bloomgren1; 
1Amylin Pharmaceuticals, Inc., San Diego, 2Eli Lilly & Company, 
Indianapolis, United States.

Background and aims: Exenatide BID (Ex) is a first-in-class GLP-1 receptor 
agonist approved for the treatment of type 2 diabetes (T2DM). The objective 
of this integrated analysis was to further examine the safety profile of Ex (5 
and 10 μg) compared to a population of pooled comparators (PC) treated 
with placebo or insulin in T2DM patients.
Materials and methods: Data from 11 completed, randomised, controlled 
clinical trials including 3854 patients followed for 12 to 52 weeks were pooled 
and analyzed. Incidence rates (IR), exposure-adjusted incidence rates (EAIR) 
per 100 patient-years (PY), and 95% confidence intervals (CI) around differ-
ences (Diff) between cohorts were calculated for adverse event (AE), system 
organ class by preferred term, and serious AEs.
Results: Baseline demographics were comparable between cohorts (Ex: 
N=2251; PC: N=1603; 53-55% M; age 56 y; BMI 31-32 kg/m2; HbA1c 8.3-
8.4%; mean days exposure time Ex: 172; PC: 176). The overall IRs of serious 
AEs were 3.6% vs 3.5% and non-serious AEs were 79% vs 64% for Ex-treated 
and PC groups, respectively. Transient, mild-to-moderate nausea (Ex: 39%; 
PC: 9%) was the most frequent AE. Other AEs (≥5%) included vomiting (Ex: 
13%; PC: 3%), diarrhea (Ex: 10%; PC: 4%), nasopharygitis (Ex: 8%; PC: 8%), 
headache (Ex: 8%; PC: 7%), upper respiratory infection (Ex: 7%; PC: 6%), 
and dizziness (Ex: 6%; PC: 3%). Discontinuations due to AEs were 8% and 
2% for the Ex-treated and PC groups, respectively. The IR of mild-moderate 
hypoglycaemia without concomitant sulphonylurea (SU, Ex: 9%; PC: 8%) or 
with SU (Ex: 37%; PC: 31%) was comparable between groups. Severe hypo-
glycaemia was rare [No SU: Ex: 0.2%; PC: 0.5% vs SU: Ex: 0.5%; PC: 0.5%]. 
Finally, composite EAIRs (rates per 100 PY) were not statistically different 
between treatment groups for pancreatitis (Ex: 0.28; PC: 0.26; Diff: 0.025 [-
0.46, 0.51]), biliary disease (Ex: 0.66; PC: 0.65; Diff: 0.017 [-0.74, 0.77]), and 
renal impairment (Ex: 1.7; PC: 1.8; Diff: -0.11 [-1.3, 1.13]).
Conclusion: Overall, based on this integrated analysis of 3854 patients repre-
senting 1058 PY of Ex exposure, exenatide BID was well tolerated in patients 
with T2DM.

769
Vildagliptin therapy is not associated with an increased risk of 
pancreatitis
M. Ligueros-Saylan1, A. Schweizer2, S. Dickinson2, W. Kothny1; 
1Novartis Pharmaceuticals Corporation, East Hanover, United States, 
2Novartis Pharma AG, Basel, Switzerland.

Background and aims: Vildagliptin is a potent and selective DPP-4 inhibi-
tor that has been shown to enhance the physiological effects of incretin hor-
mones thereby increasing islet alpha-and beta-cell responsiveness to glucose. 
Patients with type 2 diabetes may be at increased risk of pancreatitis com-
pared to patients without diabetes and whether the use of pharmacological 
agents may exacerbate this risk remains unclear. This work aimed at assessing 
whether treatment with the DPP-4 inhibitor vildagliptin is associated with 

an increased risk of pancreatitis in patients with type 2 diabetes in a large 
clinical database.
Materials and methods: Safety data from 24 phase 2 and 3 double-blind 
controlled clinical trials (monotherapy and combination therapy; ranging in 
duration from 12 to more than 104 weeks) were pooled. A meta-analysis us-
ing the Peto fixed effects odds ratio was performed to compare vildagliptin 
treatment groups (doses of 50 mg qd and 50 mg bid; n= 7087) to the all com-
parators group (placebo and active-controlled treatment groups pooled, n= 
4880) with respect to the risk of pancreatitis related AEs. Selected preferred 
terms for pancreatitis-related AEs were used for this analysis.
Results: The incidences in controlled clinical trials and odds ratios for pan-
creatitis-related events are shown in Figure 1.The odds ratio for pancreatitis-
related AEs was < 1 for vildagliptin 50 mg qd and for vildagliptin 50 mg bid 
(OR = 0.90 and 0.78, respectively), indicating no increased risk relative to all 
comparators.
Conclusion: There was no evidence of an increased risk of pancreatitis-re-
lated AEs following treatment with the DPP-4 inhibitor vildagliptin at the 
marketed doses of 50 mg qd and 50 mg bid relative to the all comparators 
group.

Fig 1. Incidence and odds ratio of pancreatitis-related AEs (all studies safety 
population)

Supported by: Novartis Pharmaceuticals

770
Surveillance of lipase and amylase levels in type 2 diabetes patients 
assessed during a randomized clinical study: the EGO study experience
E.J. Bastyr1,2, A. Vinik3, C. Owyang4, C. Cheng1, J. Shu5, N.C. Hall1; 
1Lilly Research Laboratories, Indianapolis, 2Indiana University School 
of Medicine, Indianapolis, 3Eastern Virginia Medical School, Norfolk, 
4Univeristy of Michigan Medical School, Ann Arbor, 5i3 statprobe, Ann 
Arbor, United States.

Background and aims: Serum lipase and amylase elevations may be diagnos-
tic for pancreatitis yet their incidence and prevalence in patients with type 
2 diabetes mellitus (T2DM) is not well characterized. Aims of this analysis 
included 1) cross-sectional analysis of lipase and amylase levels in a cohort 
of 440 patients with T2DM but without signs or symptoms of pancrea-
titis or other gastrointestinal (GI) disease and 2) longitudinal surveillance 
in those patients who participated in the EGO study (clinicaltrials.gov ID:
NCT00630825) of the long-acting, glucagon-like peptide-1 (GLP-1) analog 
LY2189265 (LY).
Materials and methods: EGO was a double-blind, randomized phase 2 
clinical trial comparing LY versus placebo in overweight/obese patients with 
suboptimal control of T2DM despite therapy with 2 oral anti-hyperglycemic 
agents. Study participants underwent detailed history and physical exami-
nation including specific scoring for GI symptoms and were randomized to 
once-weekly subcutaneous injections for 16 weeks of placebo; LY 1.0 mg; LY 
0.5 mg, 4 weeks then 1.0 mg; or LY 1.0 mg, 4 weeks then 2.0 mg. Simple linear 
regression was used to test associations between rank order of increase in 
lipase at endpoint and 21 factors including LY treatment, demographic char-
acteristics, laboratory parameters and concomitant medications. Factors with 
p<.10 were analyzed by multiple linear regression using backward selection 
with type I error of .10; two-way interactions were examined for significance 
with type I error of .10.
Results: Of 440 patients screened [48% female, 57±11 years; baseline HbA1C 
8.3±1.6% (mean ±SD)], 13% had elevated lipase (≥60 IU/dL), 5% had elevat-
ed amylase (≥112 IU/dL), 16% had either enzyme elevated and 3% had both 
enzymes elevated; comparable frequencies of elevations were observed for 
randomized study participants [n=262; 49% female; mean age 57±12 years; 
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mean HbA1C 8.2±0.9%). At study endpoint increases in amylase and lipase, 
maximum values and changes in categorical lipase or amylase levels, shown 
in the table below, were not significantly different between treatment groups 
(all p>.05). Tobacco non-use at baseline; statin use at baseline; and lower end-
point HbA1C were associated in univariate analysis with increase in lipase 
during study and HbA1C (p=.090) and tobacco non-use (p=.017) were re-
tained in the final multivariate model. Replacing HbA1C with LY in the final 
model did not result in statistical significance for LY (p=.41).

Amylase and Lipase Measurements
Assessment Treatment Baseline 

Mean 
(SD),
IU/dL

Endpoint 
Change
Mean 
(SD),
IU/dL

Endpoint  
Maximum 
Value, 
IU/dL

Became 
abnor- 
mal during 
study N 
(%)

Normalized 
during study 
N (%)

Lipase Placebo 40 (18) 13 (64) 513 8/59 (13.6) 1/3 (33.3)
0.5/1.0mg LY 40 (14) 20 (87) 709 13/58 

(22.4 )
1/3 (33.3)

1.0/1.0mg LY 45 (33) 20 (53) 439 9/49 (18.4 ) 5/11 (45.5)
1.0/2.0mg LY 47 (32) 14 (63) 455 11/49 

(22.4 )
5/12 (41.7)

Amylase Placebo 57 (21) 6 (18) 177 4/58 ( 6.9) 0/4
0.5/1.0mg LY 58 (27) 10 (34) 261 4 /54 (7.4) 1/3 (33.3)
1.0/1.0mg LY 57 (33) 10 (30) 215 5/53 (9.4 ) 0/2
1.0/2.0mg LY 61 (26) 9 (21) 153 6/51 (11.8 ) 1/5 (20.0)

Conclusion: Elevations in lipase and amylase occur at greater frequency in 
this population than may be expected and were observed irrespective of treat-
ment. Prospective evaluations are warranted to explore the potential clinical 
significance of these findings. 

771
Exenatide significantly ameliorates increases in pancreatic enzyme 
secretion in a rat model of acute pancreatitis
D. Parkes, L. Adams, M. Lu, C. Villescaz, T. Whisenant, D. Hargrove,  
B. Gedulin, P. Smith; 
Amylin Pharmaceuticals, Inc., San Diego, United States.

Background and aims: Exenatide (Ex) is a GLP-1 receptor agonist that 
produces similar glucoregulatory actions to the endogenous incretin GLP-
1, via enhancement of glucose-dependent insulin secretion, regulation of 
gastric emptying, decreased postprandial glucagon secretion and decreased 
food intake. CCK-8 is a peptide hormone secreted from the duodenum that 
physiologically stimulates release of digestive enzymes. Caerulein (CRN) is 
a decapeptide agonist of CCK receptors, which potently stimulates gastric, 
biliary and pancreatic secretion and is known as an agent that induces acute 
pancreatitis in experimental animal models. The present study examined the 
effect of exenatide on basal, CCK-stimulated and CRN-hyperstimulated pan-
creatic enzyme secretion and pancreatic morphology in rats.
Materials and methods: Fasted, male, anesthetised Sprague Dawley (SD) rats 
were injected subcutaneously with saline or Ex (0.3, 1 or 3µg/kg) 15 minutes 
before saline (100µl), CCK-8 (10µg/kg) or CRN (10µg/kg) IP administration. 
Plasma amylase and lipase concentrations were measured for up to 6 hours 
after IP injections (t= -15, 0, 5, 15, 30, 45, 60, 90, 120, 180, 240, 300 and 
360 min). At completion of the experiment, pancreata were weighed and pre-
pared for histological evaluation.
Results: Exenatide had no significant effect on fasting basal (unstimulated) 
plasma amylase and lipase activity over the 6-hour time period. Following 
CCK-8 injection, 3µg/kg Ex showed a tendency to reduce plasma amylase 
and lipase secretion compared to saline controls, but the reduction was not 
statistically significant (amylase AUC180 107929 ± 8401U/L (Ex) vs 136369 
± 14029U/L (sal), P=0.12; lipase AUC180 6982 ± 1851U/L (Ex) vs 14957 ± 
4546U/L (sal), p=0.15). Following CRN injection, 3µg/kg Ex significantly 
reduced CRN-induced increases in plasma amylase (AUC180 212730 ± 
16675U/L (Ex) vs 331654 ± 36241U/L (sal), P<0.05 ANOVA: Dunnett’s test) 
and lipase (AUC180 39428 ± 5149U/L (Ex) vs 79710 ± 13566U/L (sal), P<0.05 
ANOVA: Dunnett’s test). CRN induced very mild changes in pancreatic aci-
nar cell vacuolisation and necrosis and exenatide did not significantly change 
these responses.
Conclusion: Acute treatment with exenatide at doses up to 30-fold those giv-
en therapeutically to lower glucose did not change basal pancreatic amylase 

or lipase secretion in non-diabetic SD rats. Furthermore, exenatide signifi-
cantly suppressed the increases in pancreatic enzyme activity observed in this 
rat model of acute, caerulein-induced pancreatitis.

772
Efficacy and safety of early combination of vildagliptin and metformin in 
comparison to placebo in patients with type 2 diabetes
J.J. Meier1, M. Vollmer1, C. Pennartz1, C. Abletshauser2, W.E. Schmidt1; 
1Department of Medicine I, St. Josef-Hospital, Ruhr-University of Bochum, 
2Medical Department, Novartis Pharma Germany, Nürnberg, Germany.

Background and aims: To reach treatment goals in type 2 diabetes early com-
bination of antidiabetic drugs without the risk of hypoglycemia is requested. 
As promising new approach, inhibiting of dipeptidyl peptidase-4 (DPP-4) 
enhances endogenous glucagon-like peptide-1 activity, improves β-cell in-
sulin secretion, and suppresses hyperglucagonemia and excessive hepatic 
glucose output. The current study investigated the use of early combination 
of the highly selective DPP-4 inhibitor vildagliptin in patients inadequately 
controlled with metformin.
Materials and methods: In this double-blind, randomized, placebo-control-
led 24 weeks study with 12 weeks open-label extension 405 patients (HbA1c 
6.8-8.0%) have been randomized (ratio 2:1 vildagliptin:placebo). Patients 
with 18-85 years of age were pre-treated with the maximal tolerated dose of 
metformin for at least 3 months. During the double-blind and open-label 
period the dose of vildagliptin was 100 mg o.a.d.
Results: The primary endpoint, change in HbA1c-levels after 24 weeks ver-
sus placebo, could be documented in 395 patients. Mean HbA1c-levels were 
reduced from 7.3% to 6.9% under vildagliptin. In contrast, HbA1c-levels 
slightly increased from 7.2% to 7.4% in the placebo group. The difference 
of 0.5% between groups was statistically significant (p<0.0001). FPG-values 
declined under vildagliptin from 123 mg/dl to 114 mg/dl and from 124 mg/dl 
to 122 mg/dl under placebo. During the following 12 weeks open-label ex-
tension under vildagliptin HbA1c-levels and FPG-levels kept stable. 31 % of 
patients treated with vildagliptin did reach HbA1c-levels below 6.5% versus 
18% under placebo. Rate of SAEs was 5.2% in the vildagliptin group ver-
sus 9.4% under placebo. There were no significant changes in liver enzymes 
in either group. Mild hypoglycemia was reported in 0.4% of patients under 
vildagliptin and 0.8% of patients under placebo. No severe hypoglycemia oc-
curred during the study.
Conclusion: Early combination of vildagliptin with metformin is a well toler-
ated and efficacious treatment option of patients with type 2 diabetes.
Supported by: Novartis Pharma

773
Lack of vildagliptin effects on the immune system
J. Foley1, P. Hoffmann1, M. Ligueros-Saylan1, A. Schweizer2, W. Kothny1; 
1Novartis Pharmaceuticals Corporation, East Hanover, United States, 
2Novartis Pharma AG, Basel, Switzerland.

Background and aims: Vildagliptin is a potent and selective DPP-4 inhibi-
tor that improves overall glycemic control in patients with type 2 diabetes 
by reducing both fasting and postprandial glucose levels via GLP-1’s effect 
to increase the sensitivity to glucose of the α- and β-cells of the pancreas. 
Since DPP-4 is also known as CD26, an effect on the immune system was 
recognized as a potential side effect of DPP-4 inhibition from the beginning 
of the development of vildagliptin, particular efforts were made in both the 
animal toxicology studies and human studies to identify any potential effects 
of vildagliptin on the immune system.
Materials and methods: The assessment of the immune system’s capability 
to respond to foreign proteins with the generation of specific antibodies was 
carried out according to the European guideline for repeated dose toxicity 
testing of medicinal products in rats at doses of 0,50,225, and 900 mg/kg/day. 
The exposure resulting from a dose of 900 mg/kg/day is 135 times the expo-
sure resulting from the maximum 100 mg daily dose in man. In human stud-
ies, the most sensitive and relevant immune system parameter is the infection 
rate. A meta-analysis using Peto fixed effects odds ratio was performed to 
compare vildagliptin (at doses of 50 mg qd and 50 mg bid) to the all compara-
tors group (placebo and all active comparators pooled) using adverse events 
in the System Organ Class of Infections and Infestations from double-blind 
clinical trials.
Results: In rats, vildagliptin at daily oral doses up to 900 mg/kg was well 
tolerated and did not affect the capability of the immune system to respond 
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to foreign proteins with the generation of specific antibodies. Furthermore, 
in all other toxicity studies in mice, dogs and monkeys no effects related to 
the immune system were identified. In human studies where patients on vil-
dagliptin doses of 50 mg qd or 50 mg bid were studied there were also no 
immune system signals. As can be seen from the figure below vildagliptin was 
not associated with an increased risk of infections and infestations relative to 
all comparators, the odds ratios being 0.89 (95% CI 0.75-1.05) and 1.05 (95% 
CI 0.97 - 1.15) for vildagliptin 50 mg qd and 50 mg bid, respectively.
Conclusion: Based on animal and human data there is no evidence to suggest 
that vildagliptin treatment is associated with any adverse effects related to the 
immune system.

Supported by: Novartis Pharmaceuticals

PS 61 Incretins pharmacology and 
pharmacokinetics
774
Comparative pharmacology of the Dipeptidyl Peptidase-4 (DPP-4) 
metabolites of GLP-1 and the GLP-1 analogue, liraglutide
K. Tomaselli, J. Herich, K. Xu, D. Yuskin, L. Collins, C. Crogan-Grundy,  
Y. Wang, F. Brunel, J. Alfaro Lopez, A. Sharma, M. Hanley, S. Ghosh; 
Amylin Pharmaceuticals, Inc., San Diego, United States.

Background and aims: The human incretin, glucagon-like peptide-1 (GLP-
1), is a glucoregulatory peptide secreted by intestinal L-cells. Mimetics of 
GLP-1 fall into two structural classes, classified by their peptide backbones. 
The “exendin class” comprises analogs of exendin-4, a peptide derived from 
the saliva of Heloderma suspectum, and includes exenatide, which is approved 
for the treatment of type 2 diabetes mellitus (T2DM). The “GLP-1 class” com-
prises analogs of human GLP-1 peptide, and includes liraglutide, a drug un-
der clinical and regulatory evaluation as a potential T2DM therapy. While 
exenatide and liraglutide are both GLP-1 receptor (GLP-1R) agonists, they 
are pharmacologically distinct. For example, exenatide and liraglutide dif-
fer in their susceptibility to proteolytic cleavage and inactivation by DPP-4, 
which removes the N-terminal two amino acids from GLP-1 and liraglutide, 
but not from exenatide.
Materials and methods: The in vitro pharmacological activity of the DPP-
4 metabolite of liraglutide, (γ-L-glutamyl)(N-α-hexadecanoyl)-Lys26Arg34-
GLP-1 (9-37), was compared to the DPP-4 metabolite of GLP-1, GLP-1 (9-
36 amide), in the GLP-1R-expressing rat thyroid C-cell line, 6-23 (ATCC), 
and in CHO cells stably transfected with the human GLP-1R and β-arrestin 
(DiscoverX, Freemont, CA), by measuring cAMP production and β-arrestin 
recruitment, respectively.
Results: In both cell assays, (γ-L-glutamyl)(N-α-hexadecanoyl)-Lys26Arg34-
GLP-1 (9-37) and GLP-1 (9-36 amide) were qualitatively and quantitatively 
similar. Neither metabolite demonstrated appreciable GLP-1R agonist activity. 
However, both GLP-1 (9-36 amide) and (γ-L-glutamyl)(N-α-hexadecanoyl)-
Lys26Arg34-GLP-1 (9-37) demonstrated functional GLP-1R antagonism with 
apparent Kb values of 1.49-2.10 and 0.42-0.95 μM, respectively.
Conclusion: Proteolysis of liraglutide by DPP-4 yields a biologically active 
metabolite, (γ-L-glutamyl)(N-α-hexadecanoyl)-Lys26Arg34-GLP-1 (9-37), 
which, like GLP-1 (9-36 amide), is a functional antagonist of GLP-1 in vitro. 
Further studies on the effects of the liraglutide metabolite, (γ-L-glutamyl)(N-
α-hexadecanoyl)-Lys26Arg34-GLP-1 (9-37), in vivo are warranted.

775
Liraglutide, the once-daily human GLP-1 analogue, has a protracted 
profile based on both delayed absoprtion and a long plasma half-life
L. Bjerre Knudsen, P.F. Nielsen, D.B. Steensgaard, P. Bloch, J. Lau,  
H. Agersoe; 
Novo Nordisk, Maaloev, Denmark.

Background and aims: Liraglutide is a once-daily human GLP-1 analogue 
that has been developed for the treatment of type 2 diabetes and obesity. Li-
raglutide has a unique structure with a simple fatty acid and a spacer attached 
covalently to the peptide backbone (C16-γGlu-Lys26,Arg34GLP-1(7-37)) 
that provides both delayed absorption and long plasma half-life. The mecha-
nism for the protraction is based on app. 99% binding to albumin, providing 
the long plasma half-life, and heptamer formation in the formulation, pro-
viding a delayed absorption. Also, DPP(Di-Peptidyl Peptidase)-IV stability 
is obtained. We designed a series of analogues of liraglutide that provides 
insight into the mechanism of protraction by investigating the importance of 
the length of the fatty acid.
Materials and methods: The pharmacokinetic profiles were measured in 
pigs. DPP-IV stability was measured by mass spectroscopy. Binding to albu-
min was measured indirectly, by adding increasing amounts of albumin to a 
GLP-1 receptor binding assay. Multimer formation was assessed by circular 
dicroism spectroscopy.
Results: Pharmacokinetic experiments in pigs illustrate how the length of the 
fatty used is an important parameter for obtaining protraction, both when 
looking at delayed absorption and plasma half-life. Decreasing the length of 
the fatty acid decreased half-life after s.c administration (16, 5.1 and 0.8h) 
and Tmax (7, 1.3 and 0.9h), as well as half-life after i.v. administration (10, 1.7 
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and 0.3 h) for liraglutide (C16), C11- and C10-analogs, respectively. Stability 
towards degradation by the DPP-IV enzyme correlated with the length of the 
fatty acid. The half-life for DPP-IV degradation in vitro was 2.4 min. for GLP-
1, and 937, 383, 156 and 108 min. for liraglutide, C14-, C12-, C10-analogs, 
respectively. Binding to albumin decreased with the length of the fatty acid, 
measured as the shift in receptor activation by addition of 4% albumin (45, 
45, 41, 14 for liraglutide, C14, C12, C10). The un-acylated analogue did not 
bind to albumin. The apparent Kd for multimer formation in the formulations 
increased by decreasing fatty acid length. Kd,app was <0.1 μmol/l for liraglu-
tide, and 2, 10 and 50 μmol/l for C14, C12 and C10, respectively.
Conclusion: The protraction mechanism for liraglutide includes albumin 
binding, heptamer formation and DPP-IV stability, resulting in delayed ab-
sorption and long plasma half-life, allowing once-daily dosing in humans.

776
Effect of the GLP-1 receptor agonist AVE0010 on the absorption 
of concomitant oral drugs: acetaminophen and ethinylestradiol/
levonorgestrel
Y.-H. Liu, P. Ruus; 
R&D Clinical & Exploratory Pharmacology (CEP), Sanofi-Aventis 
Deutschland GmbH, Frankfurt, Germany.

Background and aims: Glucagon-like peptide-1 (GLP-1) receptor agonists 
slow gastric emptying, which may alter the rate or extent of absorption of oral 
drugs. The present study looked at the potential influence of AVE0010 - a 
new GLP-1 receptor agonist under development for the treatment of type 2 
diabetes mellitus - on the absorption of acetaminophen or an oral contracep-
tive in healthy volunteers.
Materials and methods: The effect of 10 μg AVE0010 on the absorption of 
1 g acetaminophen (AC; used as a probe drug for gastric emptying) or an 
oral contraceptive (OC; 0.03 mg ethinylestradiol [EE]/0.15 mg levonorgestrel 
[LN]) was assessed in two single-centre, single-blind, placebo (PBO)-con-
trolled, randomised, 5-treatment, 5-period, crossover studies in healthy sub-
jects. In Study 1 (n=15; male and female), AVE0010 or PBO were adminis-
tered subcutaneously 30 min before breakfast and a single oral AC dose was 
given -1, +1, or +4 h relative to AVE0010 and -1 or +1 h relative to PBO, with 
2-day washout periods between each of the 5 schedules. In Study 2 (n=25 
post-menopausal women), AVE0010 or PBO were administered 30 min be-
fore dinner/breakfast and a single oral OC dose given in accordance with the 
following 5 schedules: 1) PBO 8 pm Day 1, OC 7 am Day 2, PBO 8 am Day 2; 
2) AVE0010 8 pm Day 1, OC 7 am Day 2, PBO 8 am Day 2; 3) AVE0010 8 pm 
Day 1, OC 7am Day 2, AVE0010 8 am Day 2; 4) PBO 8 pm Day 1, AVE0010 8 
am Day 2, OC 9 am Day 2; 5) PBO 8 pm Day 1, AVE0010 8 am Day 2, OC 12 
noon Day 2; with a 7-day washout period between each schedule. All subjects 
underwent 24-h (Study 1) or 72-h (Study 2) blood sampling to determine 
drug concentrations. Pharmacokinetic (PK) parameters estimated included 
area under the plasma concentration-time curve (AUC), maximum plasma 
concentration (Cmax) and time to Cmax (tmax), and terminal half-life (t½). Be-
tween-schedule ratios for AUC and Cmax were expressed as means with 90% 
confidence limits (CI). Lack of PK interaction was demonstrated if the lower 
CI for AUC and Cmax was greater than the 0.80 non-inferiority specification 
value.
Results: In Study 1, the absorption of AC was unchanged when given 1 h 
before AVE0010. When given 1 or 4 h after AVE0010, the Cmax of AC de-
creased to 71% [57%, 87%] and 69% [56%, 85%], respectively, of the PBO 
values, whereas the AUC parameters were unchanged. Median tmax increased 
from <1 to 4.5 h when AC was given 1 h after AVE0010. Food slowed AC 
absorption, with a reduction in PBO post-meal Cmax to 52% [42%, 64%] of 
pre-meal values and an increase in median tmax (0.25 to 2 h). In Study 2, EE 
and LN absorption rates were unchanged when OC was given 11 h after or 
1 h before AVE0010. When given 1 or 4 h after AVE0010, tlag (time to con-
centration exceeding lower limit of quantitation) and tmax were increased and 
Cmax was reduced to 48% [43%, 53%] (1 h) or 61% [56%, 68%] (4 h) of control 
values for EE, and 54% [48%, 62%] or 80% [70%, 92%] of control values for 
LN. AUC parameters and t½ were unchanged. AVE0010 was well tolerated in 
both studies.
Conclusion: These results are consistent with a slowing of gastric emptying 
by AVE0010. The absorption of AC was completely unaltered if it was admin-
istered 1 h before AVE0010, and the absorption of OC was unaltered if it was 
administered 11 h after or 1h before AVE0010. However, the rate of absorp-
tion of AC or OC was altered when given 1 or 4 h after AVE0010. Total drug 
exposure was unchanged.
Supported by: sanofi-aventis

777
Liraglutide pharmacokinetic profile following s.c. dosing is unaltered by 
co-administration with sitagliptin in Göttingen minipigs
F.S. Nielsen, L. Ynddal, C. Rosenquist, J. Drustrup, L. Bjerre Knudsen; 
Novo Nordisk A/S, Maaloev, Denmark.

Background and aims: Liraglutide is a once-daily human Glucagon-Like 
Peptide-1 (GLP-1) analog that has completed phase 3 clinical testing. Liraglu-
tide is a fatty-acid derived analog of human GLP-1 that binds to albumin as 
its main mechanism of protraction. Liraglutide is also stabilized against the 
DPP-IV enzyme. However, liraglutide is subject to a minor degradation in 
vivo, and thus it is interesting if co-administration with a DPP-IV inhibitor 
lead to increases in liraglutide concentrations. Sitagliptin is a DPP-IV inhibi-
tor that increases endogenous levels of GLP-1, which is the main mechanism 
for its blood glucose lowering ability. Since both compounds lead to increases 
in GLP-1-like concentrations (either liraglutide or native GLP-1), we inves-
tigated if they could be combined by investigating the pharmacokinetics of 
liraglutide following co-administration of liraglutide and sitagliptin.
Materials and methods: The study was carried out in minipigs because only 
pigs have a similar absorption of injectable peptide analogs as compared to 
humans. Sitagliptin is dosed once daily PO (100 mg) in patients, resulting 
in a steady state trough plasma concentration of 41 ng/mL. Liraglutide is 
dosed once-daily SC (1.2 or 1.8 mg). The study was conducted in two parallel 
groups (+/- sitagliptin) of mini-pigs (n=4). Both groups were dosed SC with 
liraglutide in a dose of 2 nmol/kg, equivalent to app. 0.6 mg pr 75 kg. The 
sitagliptin group was dosed three times daily in order to obtain a target steady 
state trough plasma concentration of sitagliptin above 40 ng/mL.
Results: The key pharmacokinetic parameters (mean ±SD) of liraglutide are 
given in Table 1. Sitagliptin had no significant effect on the pharmacokinetics 
of liraglutide as evaluated by Tmax, Cmax, AUC/Dose and half-life. The mean 
plasma concentration of sitagliptin was verified to be above 40 ng/mL.
Conclusion: In conclusion, the DPPIV inhibitor sitagliptin did not alter the 
pharmacokinetics of liraglutide following SC administration in mini-pigs.

Table 1
Treatment Tmax [hr] Cmax [pM] AUC/Dose 

[hr∙pM/pmol/kg]
T½ [hr]

- Sitagliptin 8.5 ±2.5 18000 ±3700 278 ±32 22 ±2.6
+ Sitagliptin 8.0 ±2.8 19600 ±2300 322 ±53 20 ±1.4
p-value (t-test) 0.80 0.52 0.21 0.20

778
Inhaled GLP-1 and exenatide: different effects on pancreatic and gastric 
activity following a single dose in type 2 diabetes mellitus
R. Baughman1, D. Costello1, M. Marino1, J. Cassidy1, A. Boss1, C. Damico1, 
P. Haworth1, P. Richardson1, J. van de Wetering2, A. van Vliet2; 
1MannKind Corporation, Valencia, United States, 2PRA International, 
Zuidlaren, Netherlands.

Background and aims: MKC253 is GLP-1 adsorbed onto Technosphere mi-
croparticles for oral inhalation. A single MKC253 dose in healthy, normal 
volunteers produced high circulating concentrations of GLP-1 (10 min) with 
a dose-dependent insulin release, a reduction in fasting plasma glucose, and 
no nausea or vomiting. This double-blind, double-dummy, placebo- and ac-
tive-control crossover trial compared the effects of MKC253 (1.5 mg) and s.c. 
injection of exenatide (EXE; 10 µg) on postprandial glucose (PPG) excur-
sions, postprandial insulin, gastric emptying, and GLP-1 pharmacokinetics.
Materials and methods: Included were 20 nonsmoking subjects with type 
2 diabetes mellitus (HbA1c 6.2%-8.5%) on a stable oral antidiabetic regimen. 
Subjects received five treatments 2 days apart. All received MKC253 or in-
haled placebo (InhP) while fasting. EXE or s.c. placebo (SCP) was given 15 
min premeal, and MKC253 or InhP was given premeal (Pre) or 30 min post-
meal (Post). Subjects received in randomized order: SCP + MKC253 Pre + 
InhP Post; SCP + MKC253 Pre + MKC253 Post; EXE + InhP Pre + InhP Post; 
or SCP + InhP Pre + InhP Post. Gastric emptying was measured by absorp-
tion of 13C-octanoate from a 575 kcal standardized meal.
Results: MKC253 produced a rapid spike in insulin. Mean maximum insulin 
concentration occurred <10 min after dosing and fell sharply thereafter. Mean 
peak insulin was 60 µU/ml. Mean pharmacokinetics of insulin release closely 
tracked mean GLP-1 kinetics. The insulin response following EXE was slower 
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and less pronounced. In fasting subjects with baseline glucose <9 mmol/l, 
MKC253 produced a mean maximal decrease in glucose of 0.75 mmol/l 
about 30 min after inhalation. Subjects with baseline glucose >9 mmol/l had 
a 1.2 mmol/l decrease in glucose ≈45 min after inhalation. MKC253 reduced 
PPG excursions. Compared with InhP, MKC253 Pre decreased PPG by ≥1 
mM/l for >1 h and MKC253 Pre + Post decreased PPG for >3 h. Reductions 
were longer than that predicted by a GLP-1 half-life of <2 min. MKC253 had 
little or no effect on gastric emptying. In contrast, EXE also reduced PPG but 
acted by delaying gastric emptying. More than 90% of 13C-octanoate ingested 
was unabsorbed 4 h after the meal compared with <60% with MKC253. After 
EXE injection, the insulin response to meal challenge was much smaller than 
with MKC253. Only 1 of 20 subjects reported nausea with MKC253 vs. rates 
>66% from literature with injected GLP-1.
Conclusion: Both MKC253 and EXE reduce PPG excursions, but appear to 
do so by different mechanisms.

779
Response to inhaled GLP-1 is dependent on baseline glucose
D. Costello1, R. Baughman1, M. Marino1, J. Cassdiy1, A. Boss1, C. Damico1, 
P. Haworth1, P. Richardson1, A. van Vliet2; 
1MannKind Corporation, Valencia, United States, 2PRA International, 
Zuidlaren, Netherlands.

Background and aims: MKC253 is GLP-1 adsorbed to Technosphere mi-
croparticles for oral inhalation. This report presents data from two studies: 
MKC253001 evaluated the effect of MKC253 under fasting conditions in 
healthy subjects, and MKC253002 evaluated MKC253 in subjects with type 
2 diabetes.
Materials and methods: All subjects received 1.5 mg GLP-1 via inhalation. 
In MKC253001, six healthy subjects received GLP-1. In MKC253002, 15 sub-
jects with type 2 diabetes received GLP-1, and five subjects with type 2 diabe-
tes received Technosphere placebo.
Results: Of the 15 subjects in MKC253002 who received GLP-1, 11 had base-
line glucose >9 mmol/l and four had baseline glucose <9 mmol/l. All subjects 
were nonsmokers with normal lung function. In healthy subjects, MKC253 
produced a transient decrease in glucose of 0.8 mmol/l. Minimum levels oc-
curred approximately 15 min after inhalation of MKC253. Following the de-
crease, glucose returned to baseline levels by 1 h. The duration of response 
was much longer than the half-life of GLP-1 (≤2 min). Response to GLP-1 
in subjects with type 2 diabetes depended on baseline glucose. Subjects with 
baseline glucose <9 mmol/l had a mean maximum decrease of 0.75 mmol/l. 
The time to reach the minimum was about 0.5 h. Although glucose values re-
covered, they did not return to baseline levels after 4 h. Subjects with baseline 
glucose >9 mmol/l had a 1.2 mmol/l decrease in glucose. The duration of re-
sponse was longer--the minimum occurred 45 min after inhalation, with no 
return from the minimum levels. Placebo subjects had no change in glucose 
over the first 2 h after inhalation.
Conclusion: It has been shown previously that inhalation of MKC253 pro-
duces a sharp spike in plasma insulin. This rapid pulse of insulin can produce 
a long-lasting decline in plasma glucose in fasting subjects with type 2 dia-
betes.

780
A phase 1b study of ITCA 650: continuous subcutaneous delivery of 
exenatide via DUROS® device lowers fasting and postprandial plasma 
glucose
K. Luskey1, J. McNally1, J. Dahms1, D. Logan2, G. Weiner3, D. Denham4,  
T. Alessi1; 
1Intarcia Therapeutics, Hayward, 2Medpace, Cincinnati, 3Cetero, Miami 
Gardens, FL, 4Cetero, San Antonio, United States.

Background and aims: Exenatide is a proven effective treatment for type 2 
diabetes that improves glucose control and induces weight loss. However, use 
of exenatide has been limited due to the twice-daily self-injection schedule and 
frequent nausea which may be associated with peak concentrations of drug. The 
DUROS® technology is a subcutaneous continuous delivery system which has 
been utilized in the Viadur® device, an FDA-approved therapy for prostate can-
cer. It is an osmotic delivery device consisting of a small sterile titanium cylin-
der (4mm x 45 mm) that is placed subcutaneously for extended periods of time. 
ITCA 650 is a DUROS device engineered to deliver exenatide at a continuous and 
consistent rate for treatment durations of 3 to 12 months and over a broad range 
of dose levels. Preclinical studies have shown that ITCA 650 delivers exenatide at 
a consistent rate for >6 months with preserved stability of the drug product.
Materials and methods: A phase 1b study to evaluate the safety and tolerabil-
ity of ITCA 650 treatment is being conducted in subjects with inadequately 
controlled type 2 diabetes for 28 days. In this study, subjects were randomized 
to receive either 10 mcg/day or 20 mcg/day of exenatide.
Results: Changes in fasting plasma glucose (FPG) from 24 hours to 2 weeks are 
indicated in the table below. In addition to changes in FPG, a decrease in the 2-
hour postprandial glucose was also observed at two weeks. ITCA 650 was well 
tolerated primarily with observations of anticipated mild bruising, itching and 
local pain at the insertion site, as well as transient mild nausea and vomiting in a 
small number of the subjects. Based on the favorable tolerability observed at the 
studied doses, higher doses of ITCA 650 are currently under clinical evaluation.
Conclusion: ITCA 650 represents a novel method to deliver exenatide for 
extended periods of time with 100% compliance for the long-term treatment 
of type 2 diabetes.

Changes in Fasting Plasma Glucose (FPG)
Dose Arm Baseline FPG FPG at 24 hours FPG at 1 week FPG at 2 weeks
10 mcg/day
(n=12)

161±34 mg/dL 146±30 mg/dL 143±33 mg/dL 139± 36 mg/dL

20 mcg/day
(n=11)

170 ±23 mg/dL 145±33 mg/dL 139±28 mg/dL 127±15 mg/dL

781
Safety, tolerability, pharmacokinetics, and insulinotropic activity of 
single subcutaneous doses of LY2189265, a long-acting glucagon-like 
peptide 1 analogue in healthy subjects
P. Barrington1, J. Chien2, F. Tibaldi3, H. Showalter2, K. Schneck2, B. Ellis2; 
1EU Exploratory Program Phase Medicine, Eli Lilly and Company, 
Windlesham, United Kingdom, 2Eli Lilly and Company, Indianapolis, 
United States, 3GSK Biologicals, Rixensart, Belgium.

Background and aims: LY2189265 is a novel, long-acting glucagon-like pep-
tide 1 (GLP-1) analog being developed for treatment of type 2 diabetes (T2DM). 
LY2189265 consists of a dipeptidyl peptidase-IV (DPP-IV)-protected GLP-1 
analog covalently linked to an Fc fragment of human IgG4, thereby increasing 
its duration of pharmacological activity. Safety, tolerability, pharmacokinetics 
(PK), glucose-dependent insulin secretion, and immunogenicity of LY2189265 
were evaluated in healthy subjects in this first-time-in-human Phase 1 trial.
Materials and methods: The study was a 3-period, crossover, double-blind, 
placebo-controlled investigation of single subcutaneous doses of LY2189265 
(0.1 mg to 12 mg). Twenty subjects randomly received 2 escalating doses of 
LY2189265 and placebo given ≥3 weeks apart; 16 received all 3 doses and 
4 received 1 dose. The PK profile was assessed over 14 days. Insulinotropic 
activity was measured following a graded glucose infusion (GGI) and an oral 
glucose tolerance test (OGTT).
Results: LY2189265 was well tolerated up to 6 mg. The most frequent adverse 
event was dyspepsia. Headache, injection site irritation, nausea, and vomiting 
increased with increased dose. Compared with placebo, statistically signifi-
cant (p<.01) dose-dependent increases were observed in supine heart rate at 
≥0.3 mg and in supine diastolic blood pressure at ≥1 mg. No case of hypogly-
cemia occurred. No subject developed antibodies to LY2189265.
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The half-life of LY2189265 was ~90 hours in healthy subjects. The maximum 
concentration (Cmax) occurred between 24 and 48 hours. With each doubling 
of dose, the increase in area under the concentration-time curve from 0 to 
infinity and Cmax were less than double (1.84-fold and 1.88-fold respectively). 
There were glucose-dependent increases in insulin secretion following GGI 
and suppression of serum glucose following OGTT at all doses of LY2189265 
compared with placebo.
Conclusion: LY2189265 exhibited expected GLP-1 pharmacology and safety 
profiles. PK and sustained pharmacodynamic effects support further evalua-
tion of LY2189265 for once-weekly dosing in patients with T2DM.
Page 1 of 2

782
Pharmacokinetics, pharmacodynamics, safety and tolerability of single 
dose exenatide in very elderly patients (≥75 years) with type 2 diabetes
H. Linnebjerg1, P.A. Kothare2, M. Seger2, M. Mitchell2; 
1Lilly Research Laboratories, Eli Lilly and Company, Surrey, United 
Kingdom, 2Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, 
United States.

Background and aims: This study assessed the effect of exenatide on phar-
macokinetic (PK) and pharmacodynamic (PD) parameters, safety and toler-
ability in very elderly patients with Type 2 Diabetes (T2D).
Materials and methods: This randomised, placebo-controlled, 3-treatment, 
crossover study compared control (45-65 years [y], n=15) and very elderly 
(≥75y, n=15) groups. Patients received single subcutaneous doses of placebo, 
exenatide 5µg or exenatide 10µg, 15min before a standardised breakfast for 
3 consecutive days. Serial blood samples were collected for plasma exenatide 
and serum glucose concentrations. These PK data were further integrated 
with 6 other clinical pharmacology studies: 139 control (≤65y) and 28 elderly 
(>65y) subjects to evaluate exenatide clearance in a larger dataset.
Results: Mean ages (±SD) for control and very elderly groups were 57±5.5y 
and 78±3.3y, respectively; and renal insufficiency was present in 5 control and 
15 very elderly patients. Dose-normalised exenatide maximum concentration 
and AUC0-∞ was not significantly different between groups. Glucose lowering 
was dose-dependent and comparable between groups. No hypoglycaemia or 
serious adverse events were reported, and exenatide was generally well toler-
ated in both groups. The integrated analysis showed that exenatide clearance 
was significantly related to renal clearance (test of slope=0, p<0.001), with no 
additional effect from age (Figure 1).
Conclusion: No clinically relevant differences in PK, PD, safety or tolerability 
were observed in very elderly patients in this study. These data suggest that ex-
enatide clearance is highly correlated to renal clearance, with no additional effect 
of age on exenatide clearance besides declining renal function. These results war-
rant no further dosage changes of exenatide in very elderly patients with T2D.

Figure 1: Exenatide Clearance vs. Creatinine Clearance

All authors are employees and stockholders of Eli Lilly and Company

PS 62 Incretins - experimental
783
Postprandial glucose levels and long-term glucose control are improved 
with taspoglutide, a human once-weekly GLP-1 analogue, in an animal 
model of type 2 diabetes 
E. Sebokova1, S. Sewing1, U. Sprecher1, L. Tobalina2, A. Benardeau1,  
C. Migliorini1; 
1F. Hoffmann-La Roche AG, Basel, Switzerland, 2Ipsen Pharma, San Feliu, 
France.

Background and aims: Several epidemiological studies confirmed that el-
evated PPG is a significant predictor of cardiovascular mortality and morbid-
ity in type 2 diabetes (T2D). In this study post-challenge response following 
an oral glucose tolerance test (oGTT) was used to evaluate the effect of the 
human once-weekly GLP-1 analogue, taspoglutide (R1583), after acute and 
chronic treatment on PPG and long-term glucose control in ZDF rats.
Materials and methods: Acute effects of taspoglutide treatment were meas-
ured during an oGTT after single sc administration of taspoglutide (0.1, 1 
and 10 μg/kg) in 9-wk-old ZDF rats. Long-term glucose homeostasis was 
assessed 3 wks after single administration of taspoglutide (1 mg/animal, sc, 
formulated to mimic human exposure) or vehicle to 5-wk-old ZDF rats (n=6/
group) during an oGTT. In addition, PPG levels (4 hrs after food removal) 
were measured on days 7, 14, and 21 and 1,5-anhydroglucitol (1,5-AG) levels 
(using GlycoMark®) and HbA1c were assessed at the end of the study.
Results: Acute efficacy measured during an oGTT after single sc adminis-
tration of taspoglutide (0.1, 1 and 10 μg/kg) in 9-wk-old ZDF rats showed 
significant improvement in glucose tolerance over 2 hrs (AUCGlu: -15; -49 and 
-71%) and an increase in insulin secretion (AUCIns: +128; +236 and +184%) 
in a dose-dependent manner compared to vehicle. Chronic treatment with 
taspoglutide significantly reduced glucose excursion during the week 3 oGTT 
at 30, 60, and 120 min and AUCGlu,0-120 min (-50%) without affecting insulin 
levels as compared with vehicle. PPG levels were significantly decreased in 
rats treated with taspoglutide in comparison to vehicle at Days 14 and 21. An 
improvement in long-term glucose control with a significant increase in 1,5-
AG levels at Day 21 was also shown after single administration of taspoglu-
tide (7.0±1.0 µg/mL) vs. vehicle: (2.3±0.85: µg/mL; p<0.005). Taspoglutide 
treatment also improved insulin sensitivity assessed by HOMA (taspoglutide: 
20.0±2.6 vs. vehicle: 29.4±5.2) and ISI Matsuda (taspoglutide: 360±38 vs. ve-
hicle: 230±27; p< 0.02).
Conclusion: Taspoglutide showed a significant reduction in PPG levels and 
long-term glucose control in a model of T2D progression, thus improving a 
significant risk factor for microvascular and macrovascular complications.

784
Chronic administration of the glucagon-like peptide-1 analogue, 
liraglutide, delays diabetes onset and improves lipids in a novel model of 
type 2 diabetes, the UCD-T2DM rat
P.J. Havel1, B.P. Cummings1, J.L. Graham1, K.L. Stanhope1, S.C. Griffen2, C. 
Nilsson3, L.B. Knudsen3, K. Raun3; 
1Veterinary Medicine: Molecular Biosciences, University of California, 
Davis, United States, 2Bristol Myers Squibb, Princeton, United States, 3Novo 
Nordisk A/S, Måløv, Denmark.

Background and aims: Due to the increasing prevalence of type 2 diabetes 
(T2DM), there is a need to identify strategies for diabetes prevention. We 
have investigated the efficacy of liraglutide, a human glucagon-like peptide-1 
(GLP-1) analog, to prevent or delay T2DM in UCD-T2DM rats, a model of 
polygenic obese T2DM that is more similar in etiology to T2DM in humans 
than other existing rodent models.
Materials and methods: At 2 months of age, rats were divided into three 
groups: control (CTRL), liraglutide (LIRA) and energy restricted (RSTR) 
(n=32). Rats received LIRA (0.2 mg/kg) or vehicle injections BID for up to 
10 months. RSTR rats were food restricted to equalize body weights to LIRA 
rats. Non-fasting blood glucose was measured weekly to determine diabetes 
onset (<200 mg/dl) and fasting blood samples were taken monthly from all 
animals. At 6 months of age 16 animals from each group were euthanized for 
tissue analysis.
Results: Energy intake and body weight at 4 months of age were lower in 
LIRA and RSTR rats compared with CTRL rats: (CTRL: 103±3 kcal/d, 618±6 
g; RSTR: 80±1 kcal/d, 544±5 g; LIRA: 89±2 kcal/d, 549±6, P<0.0001, n=32). 
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Greater energy intake in LIRA compared with RSTR rats, despite identical 
weight gain suggests that LIRA increases energy expenditure. Compared 
with CTRL, RSTR and LIRA delayed diabetes onset by ~2 and ~3 months, 
respectively (P<0.01). Mean ages of diabetes onset were: CTRL 4.9±0.5, 
RSTR 6.9±0.5, and LIRA 7.8±0.5 months. By 6.5 months of age, only 3/32 
LIRA treated animals had become diabetic, whereas 12/32 RSTR and 26/32 
CTRL animals were diabetic. Thus, LIRA significantly delayed diabetes onset 
compared with both the CTRL and RSTR groups (P<0.05). At 6 months of 
age, fasting plasma glucose and HbA1c concentrations were higher in CTRL 
(180±27 mg/dl; 9.1 ± 0.6%) compared with both LIRA (119±8 mg/dl; 5.5 ± 
0.4%) and RSTR (121±5; 4.9 ± 0.2%) animals (all P< 0.001). Plasma triglycer-
ides (TG) were reduced in LIRA treated (93 ± 5 mg/dl) compared with either 
CTRL (137 ± 10 mg/dl) or RSTR (175 ± 16 mg/dl) animals (P<0.05). Fasting 
plasma insulin at 4 months of age was lower in LIRA (1.4 ± 0.1 ng/ml) treated 
compared with either CTRL (2.9 ± 0.2 ng/ml) or RSTR (2.6 ± 0.2 ng/ml) 
animals (P<0.001). After excluding animals that had become diabetic and 
started losing weight before euthanasia, mesenteric and total white adipose 
tissue weights were lower in LIRA (8.0 ± 0.6g, 74 ± 4g, n=14) and RSTR (8.2 ± 
0.4g, 81 ± 5g, n=14) compared with CTRL (11.1 ± 0.5g, 98 ± 4g, n=6) animals 
(P<0.05), but when expressed as percent body fat only LIRA was significantly 
lower compared to CTRL (CTRL: 15.1 ± 0.6%, RSTR: 14.1 ± 0.7%, LIRA: 12.8 
± 0.5%, P<0.05). Liver TG content was significantly lower in LIRA (13.2 ± 1.1 
mg/g liver) and RSTR (13.0 ± 1.7 mg/g liver) compared to CTRL (23.0 ± 1.4 
mg/g liver) animals (P<0.01).
Conclusion: Liraglutide delays the development of diabetes in UCD-T2DM 
rats and the delay in onset likely involves effects on food intake, weight gain, 
insulin sensitivity and energy and lipid metabolism. We are currently inves-
tigating other potential mechanisms including effects on islet morphology 
and function.
Supported by: Novo Nordisk A/S
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Effects of long-term dipeptidyl peptidase-IV inhibiton on body 
composition and glucose tolerance under high-fat diet in mice
X. Liu1, N. Harada1, S. Yamane1, A. Hamasaki1, E. Mukai1, K. Toyoda1,  
C. Yamada1, Y. Yamada2, Y. Seino3, N. Inagaki1; 
1Department of Diabetes and Clinical Nutrition, Graduate School of 
Medicine, Kyoto University, 2Department of Endocrinology and Diabetes 
and Geriatric Medicine, Akita University School of Medicine, 3Kansai 
Electric Power Hospital, Osaka, Japan.

Background and aims: Incretins are a group of peptide hormones released 
from the gastrointestinal tract in response to meal ingestion and potenti-
ate glucose-stimulated insulin secretion. Glucagon-like peptide-1 (GLP-1) 
and gastric inhibitory polypeptide (GIP) are major incretins. In addition to 
their action on the enteroinsular axis, GLP-1 decreases body weight through 
suppression of appetite, while GIP directly facilitates energy accumulation 
in adipose tissue. DPP-IV inhibitor increases plasma active GLP-1 and GIP. 
However, the magnitude of the effects of enhanced GLP-1 and GIP signaling 
by long-term DPP-IV inhibition on body weight and insulin secretion has 
not been determined. In this study, we compared the effects of long-term 
DPP-IV inhibition on body composition and insulin secretion of high fat diet 
(HFD)-fed wild-type (WT) and GLP-1R knockout (GLP-1R-/-) mice.
Materials and methods: WT and GLP-1R-/- mice (7-week-old) were fed high 
fat chow with or without DPP-IV inhibitor by drinking water. Body weight 
and food intake were measured during 8 weeks of the study. After 8 weeks, 
Oral glucose tolerance test (OGTT) and CT-based analysis of body composi-
tion were performed. And batch incubation study for insulin secretion and 
mRNA expression of incretin (GLP-1 and GIP) receptors were measured us-
ing isolated islets from WT and GLP-1R-/- mice treated with or without DPP-
IV inhibitor.
Results: DPP-IV inhibitor had no effect on food and water intake and body 
weight, but increased body fat mass in DPP-IV inhibitor-treated GLP-1R-/- 
mice compared to that of untreated GLP-1R-/- mice. DPP-IV inhibitor-treated 
WT and GLP-1R-/- mice both showed increased insulin secretion and im-
proved glucose tolerance in OGTT. In isolated islets of DPP-IV inhibitor-
treated WT and GLP-1R-/- mice, insulin secretion in response to 11.1mM 
glucose was increased and insulin secretion in response to GLP-1 or GIP was 
preserved compared to those in DPP-IV inhibitor-untreated WT and GLP-
1R-/- mice. The mRNA expression levels of GLP-1 and GIP receptors in the 
islets of DPP-IV inhibitor-treated and untreated WT mice were similar, as 
were the mRNA expression levels of GIP receptor in the islets of DPP-IV 
inhibitor-treated and untreated GLP-1R-/- mice.

Conclusion: Long-term DPP-IV inhibition does not alter body composition, 
possibly due to the counteracting effects of enhanced GLP-1 and GIP, but 
does improve glucose tolerance by the synergistic insulinotropic effects of 
enhanced GLP-1 and GIP, as well as by improved glucose responsiveness in 
pancreatic islets.

786
Novel fatty acid derivatised forms of glucose-dependent insulinotropic 
polypeptide with improved glucose-lowering and insulin-releasing 
properties
V.A. Gault, B.D. Kerr, N. Irwin, F.P.M. O’Harte, P.R. Flatt; 
School of Biomedical Sciences, University of Ulster, Coleraine, United 
Kingdom.

Background and aims: Glucose-dependent insulinotropic polypeptide (GIP) 
is a physiological insulin-releasing hormone. However, metabolic instability, 
rapid renal clearance and relative ineffectiveness of native GIP limit its use as 
a potential therapeutic for type 2 diabetes. The present study reports effects 
of novel fatty acid (myristic, palmitic or stearic acid) derivatised forms of GIP 
on metabolic stability, in vitro biological characterisation and in vivo glucose-
lowering and insulin-release.
Materials and methods: Stability of GIP peptides (5 μg) was assessed by 
incubation (0, 2, 4, 8 and 24 h; 37°C) with DPP-IV (5 mU; n=3) and pep-
tide degradation quantified by rp-HPLC. Cyclic AMP production (n=3) and 
insulin-releasing activity of GIP peptides were assessed in acute (20 min) 
studies using BRIN-BD11 cells. Acute and persistent (24 h) effects of GIP 
peptides (25 nmol/kg bw; ip) on plasma glucose and insulin concentrations 
were examined in 20-22 week old ob/ob mice (n=6). For sub-chronic studies, 
ob/ob mice were divided into four groups (two most potent peptides plus 
controls, n=6;) and received once-daily injections (17:00 h) of either saline 
vehicle (0.9%, w/v, NaCl), N-AcGIP, GIP(Lys37MYR) or N-AcGIP(Lys37MYR) 
(25 nmol/kg bw) over a 24-day period. Food intake, body weight, glucose 
and insulin levels were monitored at intervals of 2 to 4 days. Glucose tol-
erance (18 mmol/kg glucose) and insulin sensitivity (50 U insulin/kg) tests 
were performed at the end of the study. Furthermore, blood was taken for 
measurement of triglycerides and pancreatic tissue excised for determination 
of insulin content.
Results: Although GIP was rapidly degraded by DPP-IV (half-life 2.2 h), GIP 
analogues remained fully intact during the incubation (half-lives >24 h). All 
GIP analogues followed a similar pattern of concentration-dependent (10-12 
to 10-6 M) stimulation of cyclic AMP production compared to native GIP 
(EC50 value 0.70 nM) but exhibited improved EC50 values (0.07 to 0.27 nM). 
Similarly, GIP analogues dose-dependently stimulated insulin secretion in 
BRIN-BD11 cells but with enhanced potency compared to both control (5.6 
mM glucose; 2.8 to 4.0-fold; P<0.001) and GIP (1.5 to 2.1-fold; P<0.01 to 
P<0.001). Administration of GIP analogues to ob/ob mice significantly low-
ered plasma glucose (1.2 to 1.4-fold; P<0.05 to P<0.001), with GIP(Lys37MYR), 
N-AcGIP(Lys37MYR) and GIP(Lys37PAL) additionally enhancing plasma in-
sulin responses (1.2 to 1.8-fold; P<0.05 to P<0.001) compared to GIP-treated 
animals. Furthermore, GIP(Lys37MYR) and N-AcGIP(Lys37MYR) elicited 
significantly protracted glucose-lowering effect (1.2 to 1.3-fold; P<0.01 to 
P<0.001) when administered 24 h prior to a glucose load. Daily administra-
tion of GIP(Lys37MYR) and N-AcGIP(Lys37MYR) to ob/ob mice for 24 days 
decreased glucose (1.4 to 1.7-fold; P<0.05 to P<0.001) and significantly im-
proved plasma insulin (1.4 to 2.2-fold; P<0.01 to P<0.001), glucose tolerance 
(1.3 to 1.5-fold; P<0.05 to P<0.001) and beta-cell glucose responsiveness (1.5 
to 4.4-fold; P<0.01 to P<0.001). Insulin sensitivity, pancreatic insulin content 
and triglyceride levels were not changed
Conclusion: These data demonstrate that fatty acid derivatisation of GIP, 
particularly with myristic acid provides a class of stable, longer-acting forms 
of GIP with good biological effectiveness for further evaluation in diabetes 
therapy.
Supported by: Diabetes UK and SAAD Trading and Contract Company
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Insulinotropic and glucose lowering effects of small molecule 
GLP-1-receptor agonist 6,7-dichloro-2-methylsulfonyl-3-N-tert-
butylaminoquinoxaline
S. Patterson1, N. Irwin1, B.D. Green2, P.R. Flatt1; 
1School of Biomedical Sciences, University of Ulster, Coleraine, 2Institute of 
Agri-Food and Land Use, Queens University, Belfast, United Kingdom.

Background and aims: Enzyme resistant GLP-1 mimetics such as exenatide 
and liraglutide are employed for the treatment of type 2 diabetes, but must be 
administered by injection. To improve therapeutic utility of the GLP-1 recep-
tor target and avoid parenteral administration, development of small mol-
ecule receptor ligands suitable for oral administration would be an advantage. 
Therefore, the present study assessed the in vitro insulinotropic and in vivo 
glucose-lowering actions of the recently described low molecular weight se-
lective GLP-1 receptor (GLP-1-R) agonist 6,7-dichloro-2-methylsulfonyl-3-
N-tert-butylaminoquinoxaline (DMB). Biological activity of DMB has been 
compared with native GLP-1, exenatide and liraglutide.
Materials and Methods: Concentration-dependent acute (20 min) insulin-
releasing activity of DMB, native GLP-1, exenatide and liraglutide (n=8) was 
assessed using clonal pancreatic BRIN-BD11 cells. In addition, acute effects 
of DMB and related GLP-1 peptides on plasma glucose concentrations were 
examined in normal mice (14-18 week-old) derived from the colony origi-
nally maintained at Aston University. Mice (n=8) received an intraperitoneal 
injection of glucose alone (18 mmol/kg body weight) or in combination with 
DMB (2500 nmol/kg body weight) or related GLP-1 peptides (each at 25 
nmol/kg body weight). In a second series of experiments, glucose (18 mmol/
kg) and DMB (2500 nmol/kg) were administered (i.p.) in the presence and 
absence of liraglutide, exenatide or exendin-4(9-39) (each at 25 nmol/kg).
Results: As expected, native GLP-1, liraglutide and exenatide induced re-
spective 1.3-1.9 -fold (10-11 to 10-6 M, P<0.01 - P<0.001), 1.4-2.2 -fold (10-11 
to 10-6 M, P<0.001) and 1.4-2.8 -fold (10-12 to 10-6 M, P<0.001) increases in 
insulin secretion from BRIN-BD11 cells. DMB also stimulated insulin secre-
tion in a concentration-dependent manner, but with decreased potency com-
pared to native GLP-1 and either GLP-1-R mimetic (2.3-5.0 -fold increases 
at concentrations of 10-4 M to 10-3 M, P<0.001). Administration of DMB in 
combination with glucose to normal mice significantly lowered individual 
plasma glucose levels (t=15 min, P<0.05) and decreased overall glucose ex-
cursion (1.4-fold; P<0.05) compared to controls (0-60 min AUC values; 365.3 
± 30.2 mmol/l.min vs. 501.6 ± 31.2 mmol/l.min for control). Similarly, ex-
enatide and liraglutide significantly (P<0.001) reduced the overall glycaemic 
excursion when compared to controls and were significantly (P<0.001 and 
P<0.05; respectively) more potent than DMB. Interestingly, administration of 
DMB in combination with the GLP-1-R antagonist, exendin-4(9-39), did not 
significantly effect glucose-lowering actions (0-60 min AUC values; 365.3 ± 
30.2 mmol/l.min vs. 361.0 ± 11.9 mmol/l.min for DMB + exendin-4(9-39)), 
confirming allosteric GLP-1-R binding. However, combined administration 
of DMB with liraglutide or exenatide did not improve therapeutic effect. 
Conclusion: DMB stimulates insulin secretion and lowers blood glucose 
concentrations but is considerably less potent than native GLP-1 or stable 
peptide GLP-1-R mimetics. Low molecular weight GLP-1-R agonists may 
have future therapeutic value for type 2 diabetes but potency together with 
the issues of specificity and safety are major obstacles before the concept can 
be considered in humans.

788
Presence and characteristics of GLP-1 receptors in osteoblastic cells
B. Nuche-Berenguer1, P. Moreno1, N. González1, A. Acitores1, S. Portal2,  
P. Esbrit2, I. Valverde1, M.L. Villanueva-Peñacarrillo1; 
1Metabolism, Nutrition and Hormones, Fundación Jiménez Díaz, 
2Laboratory of Bone and Mineral Metabolism, Fundación Jiménez Díaz, 
Madrid, Spain.

Background and aims: Very recently, it has been reported that GLP-1, an 
incretin with antidiabetic properties, apart from having direct stimulatory 
actions upon glucose and lipid metabolism in extrapancreatic tissues, exerts 
an anabolic effect on the altered bone metabolism of type 2 diabetic and insu-
lin resistant rat models. Exendin-4 (Ex-4) and exendin-9 (Ex-9), structurally 
homologous with GLP-1, have proven to be agonist and antagonist, respec-
tively, of the pancreatic GLP-1 receptor and of several of its actions in rat liver, 
muscle and fat. Here, we have searched for the possible presence of GLP-1 
receptors, and their characteristics, in osteoblasts.

Materials and methods: MC3T3-E1 osteoblastic cells, grown (2x105 cells/
well) in α-MEM supplemented with 1% penicillin/streptomycin, 2 mM 
glutamine and 10% FBS, were incubated, at 37ºC or 25ºC -in the same media 
except for the absence of FBS and presence of Trasylol (500 KIU /ml), 10 mM 
MgSO4 and 50 mM HEPES-, with 20 fmol mono-125I-GLP-1 (70 MBq/mol) 
as tracer, for different time periods (0-120 min), in the absence and presence 
of GLP-1, Ex-4 or Ex-9 (10-9-10-6 M), and 10-6 GLP-2 or insulin. Degradation 
of the tracer -by TCA precipitation-, dissociation of 125I-GLP-1-binding -by 
dilution-, molecular size (Mr) -by cross-linking and SDS-PAGE- and cyclic-
AMP content -in the absence and presence of IBMX-, were also studied.
Results: The tracer-GLP-1 binding was time- and temperature-dependent, 
at 25ºC being detectable at 15 minutes incubation period (2.20±0.11% total 
tracer, n=4 separate experiments), reaching the maximum value after 30 to 
45 minutes (overall mean: 2.65±0.07%, n=10) and decreasing thereafter (120 
min: 1.81±0.20%, n=3). At 37ºC, but not at 25ºC, degradation of the 125I-GLP-
1 in the presence of cells occurred (TCA precipitated at 20 min: 77±1% total; 
30 min: 69±1%, both n=3). The tracer specific binding (Sp B) at 25ºC during 
30 min (0.33±0.04% total, n=11) was dissociable, resulting in a reduction to 
37.5±2.5% Sp B, (n=5) at minute 30; Sp B was displaced by increasing concen-
trations of GLP-1, with a 50% inhibition dose (ID50) of 3x10-9 M; GLP-2 equal-
ly displaced GLP-1-tracer Sp B; neither Ex-4 nor Ex-9 or insulin competed 
with the 125I-GLP-1 binding. The Scatchard analysis of the unlabeled GLP-1 
data revealed the presence of high affinity binding sites, with a dissociation 
constant (Kd) of 1.46x10-12 M, an affinity constant (Ka) of 6.87x1010 L/mol, 
and a binding capacity of 4 fmol/106 cells; low affinity binding sites were also 
present. Cross-linking and SDS-PAGE showed a GLP-1-bound to cell protein 
estimated in 68,000 Mr. GLP-1 did not apparently modify cAMP content.
Conclusion: These data indicate that the reported insulin-independent ana-
bolic effect of GLP-1 in normal and in states associated with impaired bone 
metabolism could be exerted through a GLP-1 specific receptor, which is 
likely different from the pancreatic GLP-1 receptor.
Supported by: the Spanish Ministry of Health
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Different modulation of dipeptidyl-peptidase IV activity between 
microvascular and macrovascular human endothelial cells
I. Dicembrini1, L. Pala1, A. Pezzatini1, S. Ciani1, S. Gelmini1, B.G. Vannelli2, 
B. Cresci1, E. Mannucci3, C.M. Rotella1; 
1Department of Pathophysiology, Unit of Endocrinology, University of 
Florence, 2Department of Anatomy, University of Florence, 3Geriatric 
Section, Department of critical area, Univesity of Florence, Italy.

Background: Glucagon-like peptide-1 (GLP-1) is a gastrointestinal hormone, 
mainly secreted after meals, which enhances glucose-induced insulin secre-
tion and induces satiety. GLP-1 is rapidly inactivated by dipeptidyl peptidase IV 
(DPP-IV), an enzyme produced by endothelial cells in different districts and that 
circulates in plasma. Patients with type 2 diabetes show a reduction of active GLP-
1 that could be due to impairment of secretion or its degradation or both. Some 
authors suggest that metformin has no direct inhibitory effect on DPPIV activity 
and that metformin and the other biguanides enhance GLP-1 secretion; others 
suggest a possible role of metformin in the inhibition of the DPPIV activity.
Materials & methods: In order to better elucidate the role of insulin sensi-
tizers on the modulation of GLP-1 circulating levels, DPP-IV activity and 
mRNA expression were measured in cultured human aortic endothelial cells 
(HAEC) and human microvascular dermal endothelial cells (HMVEC) ex-
posed to high glucose, Metformin and Rosiglitazone.Human aortic endothe-
lial cells and adult dermal microvascular endothelial cells (HMVEC) were 
cultured in different glucose concentrations (11, or 22 mmol/L) for a week 
before experiments. Cells were also cultured in glucose 11 mM and mannitol 
11 mM, in order to verify the effects of hyperosmolarity. DPP-IV activity was 
measure at 4, 12, 24, 48, 72 and 168 hours of incubation with or without 
Rosiglitazone (20 µM) as used by Benvenuti et al or Metformin (500 µMol/L) 
as used by Lindsay et al. All experiments are performed in triplicate. Results: 
Present data show that hyperglycaemia is capable of increasing in a signifi-
cant manner, the DPP-IV activity only in microvascular endothelial cells. 
Rosiglitazon is able to modulate in a negative and significant manner the 
expression of DPPIV but not its activity in macrovascular endothelial cells 
while at 24 h of exposure it is able to increase significantly DPPIV activity but 
not its expression in microvascular endothelial cells. Metformin at 48 h only 
in microvascular endothelial cells is able to reduce in a significant manner 
(p= 0,01) the activity of DPPIV but not its expression .
Conclusion: The modulation of DPPIV is site specific.
Supported by: the Ministry of Scientific Research (PRIN and MIUR)
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Novel GLP-1 analogues cross the blood brain barrier and enhance 
synaptic plasticity in the brain: a link between diabetes and Alzheimer’s 
disease
C. Hölscher, K. Fung, R. McCurtin, V.A. Gault, P.L. McClean; 
School of Biomedical Sciences, Ulster University, Coleraine, United 
Kingdom.

Background and aims: Recently, the incretin glucagon-like peptide 1 (GLP-
1) has been shown to have neuroprotective properties. We therefore tested 
whether novel GLP-1 analogues that are resistant to protease degradation and 
are developed as a treatment for type 2 diabetes (eg. Liraglutide) can cross the 
blood brain barrier (BBB) and have effects on neuronal communication and 
synaptic plasticity (LTP) in the brain.
Materials and methods: Male mice were injected ip. with a range of concen-
trations of GLP-1, Val(8)GLP-1, or Liraglutide. The brain tissue was analysed 
using protein separation and purification steps and a RIA analysis kit. In the 
electrophysiology study, male rats were anaesthetised and electrodes lowered 
into the hippocampus area CA1 to record field excitatory field potentials 
(fEPSPs). Synaptic plasticity (LTP) was induced using a high frequency pro-
tocol (100 stimuli at 200Hz), stimulating the Schaffer collateral projections 
to CA1 neurons. Liraglutide, asp(7)GLP-1, Val(8)GLP-1, N-glyc-GLP-1, and 
Pro(9)GLP-1 were injected icv. for this test. Data were analysed using 2-way 
ANOVAs or t-tests.
Results: Val(8)GLP-1 and Liraglutide both crossed the BBB. Injection of 
25nM or 250 nM Liraglutide ip. of either peptide resulted in a significant 
increase in the brain 30 min or 3 h post-injection. 25nM at 30 min: p<0.05; 
at 3h: p<0.005, 250nM at 30 min: p<0.01, at 3h: ns. Val(8)GLP-1 25nM ip. 
at 30 min: p<0.05, at 3h: ns., 250nM at 30 min: p<0.01, at 3H: p,0.05. In the 
LTP studies, all novel GLP-1 agonists tested enhanced LTP. The novel GLP-1 
analogue Liraglutide injected icv. (15nmol in 5µl) enhanced LTP. A two-way 
repeated measures ANOVA showed a difference between the drug group 
and saline control (p<0.005) and over time (p<0.001). All groups n=6. Na-
tive GLP-1 injected icv. (15nmol in 5µl) also increased LTP, a 2-way ANOVA 
showed a difference between groups (p<0.001) and over time (p<0.001). N=8 
per group. The GLP-1 analogue Val(8)GLP-1 (15nmol icv.) also increased 
LTP. A 2-way ANOVA showed a difference between groups (p=0.003) and 
over time (p=0.006) N=6 per group. The other GLP-1 analogues, Asp(7)GLP-
1, N-glyc-GLP-1, and Pro(9)GLP-1 injected icv. (each 15nmol in 5µl) also in-
creased LTP, a 2-way ANOVA showed a difference between groups (p<0.001 
each peptide) and over time (p<0.001). N=6 per group. The inactive metabo-
lite GLP1(9-36) had no effect on LTP.
Conclusion: These results demonstrate that the GLP-1 agonists Val(8)GLP-1 
and Liraglutide readily cross the BBB and have pronounced facilitatory ef-
fects on LTP. Other novel GLP-1 analogues also had facilitating effects on 
synaptic plasticity. Since GLP-1 analogues have been shown to be neuropro-
tective, and impairment of neuronal transmission is one of the symptoms in 
mouse models of Alzheimer’s disease, these novel protease-resistant incretin 
analogues developed to treat type 2 diabetes also show promise as a treatment 
of neurodegenerative diseases.
Supported by: the Alzheimer Society, UK
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Effects of endogenous glucagon-like peptide-1 on gastric emptying in 
healthy subjects - relationship to glycaemia
A.M. Deane1, N.Q. Nguyen2, J.E. Stevens3, R.J.L. Fraser3, R.H. Holloway2, 
K.L. Jones3, L.K. Besanko2, C. Burgstad2, M. Summers2, A. Zaknic2,  
M.J. Chapman1, M. Horowitz3; 
1Discipline of Anaesthesia and Intensive Care, University of Adelaide, 
2Department of Gastroenterology, Royal Adelaide Hospital, 3Discipline of 
Medicine, University of Adelaide, Australia.

Background and aims: Exogenous glucagon-like peptide-1 (GLP-1), when 
given in pharmacological doses, attenuates postprandial glycaemic excur-
sions, in part, by slowing gastric emptying (GE). Studies using the specific 
GLP-1 antagonist, exendin (9-39) amide (ex), have established that endog-
enous GLP-1 inhibits fasting and nutrient-stimulated antropyloroduodenal 
motility in humans. However, a previous study using ex(9-39) reported no 
effect on GE, but the latter was measured using an imprecise technique (xy-
lose absorption). The aims of this study were to determine the effects of en-
dogenous GLP-1 on GE and intragastric distribution of a high carbohydrate 
meal, as measured with scintigraphy, and to relate any changes in GE to those 
on postprandial glycaemia.
Materials and methods: Ten healthy subjects (8M:2F, age 48 ± 7 yr) re-
ceived ex(9-39) (300pmol/kg/min), or placebo, from t=-30-180 min in a 
randomised, double-blind, fashion. At t=0 a mashed potato meal containing 
20g glucose and 45g margarine (2600KJ), labelled with 20MBq 99mTc-sulphur 
colloid, was ingested, and GE measured for 180 min. To quantify GE, regions-
of-interest were drawn around the total stomach, which was further divided 
into proximal and distal regions. The time taken for 50% of the meal to empty 
from the stomach (T50) was calculated. Blood was sampled for measurement 
of glucose.
Results: Results are shown (mean ± SEM). Ex(9-39) accelerated GE (T50 ex: 
68±8 min vs placebo: 83±7 min; P<0.01) (figure 1A Retention of meal during 
infusion of ex(9-39) and placebo; *P<0.01), however, there was no difference 
in intragastric meal distribution. While there was no difference in blood glu-
cose at baseline (at t=0min ex: 6.5±0.4 mmol/l vs placebo: 6.1±0.3 mmol/l; 
P=NS), ex(9-39) increased postprandial glycaemic excursions (AUC0-180 ex: 
1540±106 mmol/l/min vs placebo: 1388±90 mmol/l/min; P<0.02) (figure 
1B glycaemic response to meal during intravenous ex(9-39) and placebo; 
#P<0.02). There was a relationship between the magnitude of the rise in blood 
glucose from baseline and T50, so that the rise in glycaemia (at t=60 min) was 
greater when GE was relatively more rapid (r=-0.46; P=0.04).
Conclusion: GLP-1 plays a physiological role to slow GE in health, which 
impacts on postprandial glycaemia.
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Glucose-dependent insulinotropic polypeptide (GIP) does not 
potentiate the antidiabetic effects of glucagon-like peptide-1 (GLP-1) in 
hyperglycaemic patients with type 2 diabates mellitus
N. Mentis1, M.A. Nauck1, L. Köthe1, J.J. Holst2, C. Deacon2, M. Theodorakis3, 
I. Vardarli1; 
1Diabeteszentrum Bad Lauterberg, Germany, 2Department of Biomedical 
Sciences, Panum Institute, Copenhagen, Denmark, 3Department of Clinical 
Therapeutics, University of Athens Medical School, Greece.

Background and aims: Glucose-dependent insulinotropic polypeptide (GIP) 
and glucagon-like peptide 1 (GLP-1) are incretin hormones from the gut mu-
cosa. GLP-1 exerts insulinotropic action in type 2-diabetic patients, whereas 
GIP effects are no longer prominent in such patients. It was the purpose of the 
present study to examine whether exogenous GIP can alter the insulinotropic 
or glucagonostatic activity of exogenous GLP-1 in hyperglycaemic type 2-
diabetic (T2DM) patients.
Materials and methods: Twelve patients with T2DM (9 males/3 females; age 
61 ± 10 years; BMI 30.0 ± 3.7 kg/m2; HbA1c 7.3 ± 1.5 %; mean ± SD) were 
studied in a single-blinded manner within a 4-way cross-over design. In ran-
domized order and after discontinuing antidiabetes therapy (insulin and/or 
OADs), intravenous infusions of GLP-1 [7-36 amide] (1.2 pmol.kg-1.min-1), 
GIP (4 pmol.kg-1.min-1), GLP-1 plus GIP, and placebo were commenced after 
an overnight fast and continued for 360 min. There were 1 day wash-out peri-
ods between experiments. Capillary blood glucose was measured and venous 
blood was drawn for total and active GIP, total and active GLP-1, insulin, 
C-peptide, glucagon (specific immunoassays) and free fatty acids (FFA). Sta-
tistics: repeated-measures ANOVA.
Results: With exogenous GLP-1 alone, glucose was reduced from approximately 
185 mg/dl to 91 ± 4 mg/dl. Insulin secretion was stimulated (insulin, p < 0.0001 
and C-peptide, p < 0.0001) and glucagon was suppressed (p = 0.009). With GIP 
alone, glucose was somewhat lowered, but not normalized; insulin and C-pep-
tide were stimulated to a much lesser degree than with GLP-1 (p < 0.001). Add-
ing GIP to GLP-1 did not further enhance the insulinotropic activity of GLP-1 
(insulin, p = 0.90; C-peptide, p = 0.85). Rather, the suppression of glucagon elic-
ited by GLP-1 was antagonized by the addition of GIP (p = 0.008 ). FFA were 
suppressed by GLP-1 ( p < 0.0001) and hardly affected by GIP (p = 0.07).
Conclusion: The addition of GIP is not able to further amplify the insulino-
tropic and glucose-lowering effects of GLP-1 in T2DM. Rather, the suppres-
sion of glucagon by GLP-1 is antagonized by GIP. Upon acute exposure, GIP 
does not exert a prominent antidiabetic effect, whether administered alone or 
in combination with GLP-1.
Supported by: Eli Lilly & Co., Indianapolis, USA
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No enhancement of meal-induced GLP-1 secretion and reduced intact 
GLP-1 levels in Japanese patients with type 2 diabetes as well as healthy 
controls
D. Yabe1, A. Kuroe1, S. Lee2, C.F. Deacon3, K. Watanabe1, T. Hyo1,  
M. Hishizawa1, T. Kurose1, J.J. Holst3, T. Hirano2, N. Inagaki4, Y. Seino1; 
1Division of Diabetes and Clinical Nutrition, Kansai Electric Power 
Hospital, Osaka, Japan, 2Department of Diabetes, Metabolism and 
Endocrinology, Showa University School of Medicine, Tokyo, Japan, 
3Department of Biomedical Sciences, University of Copenhagen, Denmark, 
4Department of Diabetes and Clinical Nutrition, Kyoto University Graduate 
School of Medicine, Japan.

Background and aims: High levels of intact GLP-1 and GIP among Asians 
are rarely seen. Here, we investigate intact and total (intact plus degraded) 
GLP-1 and GIP during OGTT and MTT in Japanese with or without type 
2 diabetes. 
Materials and methods: Japanese healthy controls (controls; n=17, female 18%; 
age 51±12; HbA1c 5.2±1.4%; BMI 22.4±5.4) and age-matched and untreated 
patients with type 2 diabetes (T2DM; n=18, female 22%; age 55±13; HbA1c 
7.0±0.2%; BMI 23.9±5.6; duration 3.0±0.9 years) were subjected to OGTT and 
MTT. Blood samples were corrected sequentially, and levels of intact and total 
GLP-1 and GIP were measured in addition to those of glucose, IRI and IRG. 
Results: Fasting levels of total GLP-1 were 16.4±4.9 and 16.0±4.8pM, and 
those of intact GLP-1 were 0.8±0.2 and 0.2±0.0pM in controls and T2DM, 
respectively. During OGTT, total GLP-1 reached peak 30 min after glucose 
administration, while intact GLP-1 levels remained low and showed no sig-
nificant peak. AUCs for total and intact GLP-1 were similar in the two groups. 
During MTT using standard Japanese meal (480kcal, carbohydrate: protein: 
fat=2.8:1:1), total and intact GLP-1 showed no obvious peak. AUCs for total 
and intact GLP-1 were also similar. Fasting levels of total GIP were 22.2±6.7 
and 29.0±8.9pM, while those of intact GIP were 16.4±4.9 and 16.0±4.8pM 
in controls and T2DM, respectively. During OGTT, total GIP reached the 
peak 30 min after glucose administration, and intact GIP reached the peak as 
early as 10 min after glucose administration. Although total GIP levels meas-
ured higher in controls, there was no statistical significance between the two 
groups. AUCs for total and intact GIP in the two groups were similar. During 
MTT, total and intact GIP reached peak 30 min after meal ingestion in both 
controls and T2DM. AUCs for total and intact GIP were similar.
Conclusion: These results indicate that intact GLP-1 but not GIP levels are 
considerably reduced in Japanese compared to those of Caucasians reported 
previously, and that meal-induced enhancement of GLP-1 secretion is neg-
ligible in Japanese. These differences may underlie reduced insulin secretory 
capacity in Japanese.

Supported by: Japan Diabetes Foundation, Diabetes Masters Conference

794
Taspoglutide, a human once-weekly GLP-1 analogue, reduces post-
challenge secretion of peptide YY and glucose-dependent insulinotropic 
peptide in an animal model of type 2 diabetes 
S. Sewing1, A. Benardeau1, C. Migliorini1, L. Tobalina2, E. Sebokova1; 
1F. Hoffmann-La Roche AG, Basel, Switzerland, 2Ipsen Pharma, San Feliu, 
France.

Background and aims: Taspoglutide is a novel, human once-weekly gluca-
gon-like peptide (hGLP)-1 analogue under clinical development for the treat-
ment of type 2 diabetes (T2D). We evaluated the chronic effect of taspoglutide 
on postprandial response of glucose, insulin, lipids, and intestinal polypep-
tides PYY and GIP following an oral glucose tolerance test (oGTT) in the 
ZDF rat, an animal model of T2D progression.
Materials and methods: Single application of taspoglutide (1 mg sc, formu-
lated to mimic human exposure) or vehicle was administrated to 6-wk-old 
ZDF rats (n=6/group), and body weight and food intake were monitored 
daily for 3 wks. Glucose, insulin, total PYY, total GIP, and triglycerides were 
assessed at 0, 10, 30, 60, and 120 min after an oGTT (2g/kg) in 16-h fasted 
rats, performed 3 wks after taspoglutide administration.
Results: A significant reduction in body weight was seen during the first week 
after administration and was maintained until the end of the study when body 
weight was significantly lower by about 7% in rats treated with taspoglutide 
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compared with vehicle (276±2.6 vs. 298±3.7 g, p<0.005). Food intake de-
creased slightly during the first 5 days after taspoglutide administration, but 
then normalized to control values. Taspoglutide significantly reduced glucose 
excursion during the oGTT at 30, 60, and 120 min and AUCGlu,0-120 min (-50%) 
without affecting insulin levels compared with vehicle. A significant decrease 
in GIP levels was observed 30 min after a glucose challenge, and the AUC0-120 

min was reduced by >30%. More importantly, a 70% decrease in the AUC for 
PYY was demonstrated over the 2 hours of the oGTT compared with vehi-
cle, which might reflect a suppression of endogenous GLP-1 secretion. There 
were no significant differences in fasting PYY or GIP levels.
Conclusion: This study demonstrates the pharmacological effect of a GLP-1 an-
alogue on the post-challenge response of PYY and GIP. The suppression of these 
intestinal peptides is important for the regulation of glucose and insulin secre-
tion in response to a meal. These data bring new insights into the understanding 
of the mechanism of how taspoglutide affects incretin physiology in T2D.

795
Changes in adipokines in type 2 diabetic patients treated with exenatide 
versus glimipiride on metformin background - results of a prospective, 
randomized controlled study over 9 months 
B. Gallwitz1, F. Dotta2, C. Kazda3, P. Kraus3, C. Nicolay3, L. Rose4,  
G. Schernthaner5; 
1Medizinische Klinik IV, Universitätsklinikum Tübingen, Germany, 
2University of Siena, Italy, 3Lilly Deutschland GmbH, Bad Homburg, 
Germany, 4Zentrum für Diabetes und Gefäßerkrankungen, Münster, 
Germany, 5Department of Medicine I, Rudolfstiftung Hospital, Vienna, 
Austria.

Background and aims: In addition to the already known laboratory values 
with a predictive power for cardiovascular disease such as hsCRP and fibrino-
gen, new fat tissue hormones have been discovered in the recent years. The data 
presented here originate from the EURopean EXenAtide Study (EUREXA), 
a long-term prospective, open-label study comparing the effects of Exenatide 
(EXE) versus Glimipiride (GLIM) on maintainance of glycemic control. One 
objective of this addendum to the EUREXA study is to explore how EXE versus 
GLIM differentially affects the adipokine levels adiponectin, fibrinogen, leptin, 
PAI-1 and TNFα after 9 months of treatment in a subgroup of patients.
Materials and methods: Out of the 1039 patients randomized in the EUREXA 
study 35 entered the addendum after giving informed consent and 33 over-
weight (mean body-mass-index (BMI) 32.8±3.98kg/m²) T2D patients (15 fe-
male, 18 male) were eligible for analysis. Patients were randomized, stratified 
on the basis of their BMI, to receive either EXE (n=15) or GLIM (n=18) as 
an add-on treatment. At baseline (BL) and at endpoint (EP) after 9 months 
of treatment blood-samples were collected and analyzed centrally. Data were 
analyzed by means of descriptive statistics and predefined, exploratory treat-
ment groups comparisons were done by either analysis of covariance or the 
Mann-Whitney test (last observation carried forward approach).
Results: At BL patients had a mean (SD) age of 58.1 (9.0) years and a mean 
diabetes duration of 5.2 (5.16) years. Mean BL weight was 96.7 kg (13.55) in 
the EXE-group and 98.0 kg (10.76) in the GLIM-group. While patients in 
the EXE-group had a LS mean [SEM] weight loss of 5.26 kg [1.03], patients 
gained 2.14 kg [0.94] on GLIM (p<0.001) with corresponding changes in BMI 
of -1.75 kg/m² [0.35] for EXE and +0.62 kg/m² [0.32] for GLIM (p<0.001). LS 
mean BL to EP change [SEM] in HbA1c was -0.80% [0.27] in the EXE- and 
-0.71% [0.24] in the GLIM-group (p=0.796) with mean (SD) BL-values of 
7.5% (0.55) and 7.6% (0.72) for the EXE- and the GLIM-group, respectively. 
While Adiponectin showed a median [IQR] decrease of 0.6µg/ml [-2.2 to 
+1.6] in the EXE-group, it increased by 0.3µg/ml [-1.6 to +1.0] in the GLIM-
group after 9 months of treatment (p=0.975). Leptin showed a median [IQR] 
decrease of 2.4µg/l [-6.0 to +0.1] to a median EP concentration of 13.2µg/l 
[7.5 to 26.2] under EXE, but an increase of 6.8µg/l [+1.9 to +15.3] to a median 
EP concentration of 27.2µg/l [14.1 to 56.1] under GLIM (p=0.004).
In the EXE-group LS mean [SEM] PAI-1 concentrations decreased by 2.84 U/
ml [1.10] to a mean (SD) EP concentration of 4.8 U/ml (2.56). In the GLIM-
group the corresponding LS mean change in PAI-1 was +0.53 U/ml [1.06] to 
a mean EP concentration of 7.9 U/ml (4.50)(p=0.039).
LS mean TNFα statistically significantly increased by 1.64 ng/l ([0.63]; 
p=0,016) to a mean of 9.2 ng/l (2.21) at EP and by 2.02 ng/l ([0.60]; p=0.003) 
to 9.9 ng/l (1.98) at EP for EXE and GLIM, respectively. Fibrinogen remained 
unchanged in both groups after 9 months of treatment.
Conclusion: After 9 months of treatment obese patients with T2D experi-
enced beneficial changes in the adiponectin profile when treated with EXE 
versus GLIM.
Supported by: Eli Lilly and Company and Amylin Pharmaceuticals, Inc.
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Sitagliptin effects on triglyceride and free fatty acid metabolism
R.H. Nelson, J.M. Miles, A. Vella; 
Endocrinology, Mayo Clinic, Rochester, United States.

Background and aims: The effect of dipeptidyl peptidase-4 (DPP-4) inhibi-
tors on lipid metabolism in type 2 diabetes is controversial, with conflicting 
reports in the literature. No studies of the effect of sitagliptin compared to 
placebo on postprandial lipemia have been published. Individuals with im-
paired fasting glucose (IFG) are at increased risk of cardiovascular disease. As 
part of a study examining the effect of the DPP-4 inhibitor sitagliptin (SITA) 
on IFG, we determined the effect of SITA on triglyceride (TG) and free fatty 
acid (FFA) metabolism using a placebo-controlled, parallel-group design.
Materials and methods: A mixed meal study was conducted in subjects with 
IFG (n=22) at baseline and again 8 weeks after randomization to SITA 100 
mg/d or placebo (PL). In a subset of participants (n=17), tracer quantities of 
[1-13C] oleate and a [oleyl-3H] triolein-labeled lipid emulsion were infused 
to allow determination of oleate rate of appearance (Ra) as well as the Ra of 
3H oleate. Lipoprotein lipase-mediated fractional spillover of fatty acids from 
dietary fat was calculated from 3H oleate Ra during peak chylomicronemia 
after ingestion of breakfast (45% carbohydrate, 40% fat, 15% protein). Blood 
samples were taken at baseline and at intervals for 6 hours after the meal for 
measurement of plasma TG concentration, 13C oleate enrichment, 3H oleate 
specific activity, 3H TG and plasma FFA concentration.
Results: In both SITA and PL, there was no change from baseline to week 8 
in fasting (453±39 vs. 411±40 and 435±31 vs. 414±37 μmol/L, respectively), 
2-hour postprandial (39±5 vs. 44±5 and 40±6 vs. 45±9 μmol/L) or postpran-
dial area under the curve (21±6 vs. 25±10 and 15±2 vs. 16±2 mmol•L-1•6h-

1) plasma FFA concentrations (P=NS in all cases). Fractional spillover of 
3H oleate from lipolysis of [9,10-3H] triolein was 29±5% in SITA (n=7) and 
25±3% in PL (n=10) at week 8 (P=NS). Oleate Ra was calculated assuming 
steady-state conditions during the frequent sampling interval and also as-
suming nonsteady-state conditions for the entire postprandial period. With 
both approaches there was no difference in oleate Ra, comparing both SITA 
to PL (1.38±0.24 vs 1.03±0.03 μmol/kg/min respectively; P = 0.24) and 8 
weeks of SITA to baseline (1.38±0.24 vs 1.36±0.28 μmol/kg/min respective-
ly; P = 0.96). However, average peak (270 to 330 minutes) postprandial TG 
concentrations decreased from 204±17 to 178±20 mg/dL (P<0.01 comparing 
groups using a matched pair t-test) in the SITA arm; there was no change in 
the PL arm (174±16 vs 175±15 mg/dL, P = NS). SITA lowered postprandial 
TG to a greater extent than PL at week 8 compared to baseline (Δ = -26±7 vs 
+1±5 mg/dL, P<0.01).
Conclusion: SITA reduced postprandial TG concentrations by ~13% but did 
not alter adipose tissue lipolysis in subjects with IFG. SITA reduced post-
prandial lipemia despite no effect on FFA metabolism. The mechanism re-
sponsible for this effect is unknown, but could involve an effect of SITA on 
intrahepatic very low density lipoprotein TG synthesis or secretion, and/or 
on peripheral metabolism of TG by lipoprotein lipase. Further investigations 
to define the mechanisms and significance of this finding are required.

797
No effect of glucose-dependent insulintropic polypeptide, GIP, on 
triglyceride clearance in humans
M. Asmar1, S. Madsbad2, K. Juul Hare1, J. Juul Holst1; 
1Department of Biomedical Sciences, University of Copenhagen, 
2Department of Endocrinology, Hvidovre, Denmark.

Background and aims: GIP is an incretin hormone that has been implicated 
in fat metabolism but the actions of GIP in humans are unclear. We examined 
whether exogenous GIP infused intravenously alone or in combination with 
a concomitant stimulation of endogenous insulin affects the plasma clearance 
of triglycerides (TG) in man.
Materials and methods: Ten healthy subjects were examined in a rand-
omized, cross-over study on 4 different days: 1 day with Intralipid (IL) infu-
sion; 1 day with IL and glucose infusion, all days with and without GIP-in-
fusion (1.5 pmol/kg/min) for 300 min. IL was given as a bolus of 0.15 g/kg 
followed by continuous infusion of 0.225 g/kg/h for one hour. Glucose was 
infused to mimic the meal-induced glucose excursions and to investigate the 
combined action of insulin and GIP in lipid metabolism.
Results: Basal GIP concentrations averaged 10.83 ± 0.5 pM and increased sig-
nificantly during GIP infusions to 285.1 ± 8.4 (p<0.0001). On IL + GIP day, 
plasma insulin concentrations increased significantly during the first 60 min 
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(2133 ± 188 vs. 1538 ± 156 pM x min, p=0.001) compared to IL + saline day 
but no difference was seen at time 60-300 min. Likewise, a significant increase 
in insulin was seen during the first 60 min on IL + Glucose + GIP day compared 
to IL + Glucose + saline day (13203 ± 1742 vs. 6263 ± 607 pM x min, p=0.001). 
Maximal TG concentrations were reached after one hour of infusion of IL and 
resulted in a concomitant plasma FFA and glycerol increase. No difference was 
seen in the plasma TG or glycerol clearances on all 4 experimental days (p=NS). 
However, the plasma FFA concentration was significantly reduced at time 60 
- 300 on IL + GIP day compared to IL + saline day (p=0.007). No difference 
was seen in plasma FFA concentration between IL + Glucose + GIP and IL + 
Glucose + saline days but on both days the FFA concentration was significantly 
reduced at time 60-300 min when compared to IL + GIP/saline days (p<0.05).
Conclusion: In conclusion, these data suggest that GIP does not affect TG clear-
ance in man. However, both insulin and GIP lower post-IL FFA concentration, 
GIP probably via stimulation of insulin secretion, increasing FFA reesterification.
Supported by: the Novo Nordisk Foundation
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Changes in prandial glucagon levels after 2 years treatment with 
vildagliptin or glimepiride
B. Ahrén1, J. Foley2, E. Ferrannini3, D. Matthews4, B. Zinman5, S. Dejager6, 
V. Fonseca7; 
1Department of Clinical Sciences, Division of Medicine, Lund University, Lund, 
Sweden, 2Novartis Pharmaceuticals Corporation, East Hanover, United States, 
3Department of Internal Medicine and CNR Institute of Clinical Physiology, 
University of Pisa, Italy, 4Oxford Centre for Diabetes, Endocrinology and 
Metabolism, Churchill Hospital and NIHR, Oxford Biomedical Research 
Centre, United Kingdom, 5Samuel Lunenfeld Research Institute, Mount Sinai 
Hospital, University of Toronto, Canada, 6Clinical Research, Novartis Pharma 
SAS, Reuil-Malmaison, France, 7Department of Endocrinology, Tulane 
University Health Sciences Center, New Orleans, United States.

Background and aims: Previous studies indicate that the glucagon levels dur-
ing meals are reduced following treatment with vildagliptin (VILDA). In or-
der to test the hypothesis that VILDA therapy has favorable long term effects 
relative to glimepiride (GLIM) on prandial glucagon levels, glucagon levels 
were measured over 2 hours during a standard meal challenge test following 
either VILDA or GLIM 2-yrs treatment in combination with metformin.
Materials and methods: These measurements were made in a subset of patients at 
endpoint in the intent to treat population, from a study that was designed to dem-
onstrate the 2 year efficacy and safety of add-on therapy with 50 mg bid VILDA 
compared to up to 6 mg qd GLIM in patients with type 2 diabetes inadequately 
controlled with prior metformin monotherapy (HbA1c > 6.5% and ≤ 8.5%). Insu-
lin secretion rate was determined by deconvolution of C-peptide levels.
Results: At baseline HbA1c was ~7.3%. Prandial glucagon AUC0-2h at baseline 
was 55.6±2.3 pmol·hr/L with no difference between the groups. After up to 2 
years treatment, the prandial glucagon AUC0-2h decreased from baseline to study 
endpoint by 3.4±1.6 pmol·hr/L in the VILDA group (n=137), whereas an increase 
by 3.8±1.7 pmol·hr/L was seen with the GLIM group (n=121); the between group 
difference was 7.2±2.1 pmol·hr/L (P<0.001 by ANCOVA). After the treatment, 
prandial glucose excursions were reduced by 0.89±0.25 mM in the VILDA group 
and by 0.96±0.25 mM in the GLIM group (P=0.77) and the insulin secretion 
rates relative to glucose were greater in the GLIM group than the VILDA group 
(34±0.18 pmol·hr/L for VILDA vs. 91±0.19 pmol·hr/L for GLIM, P< 0.02).
Conclusion: This study thus confirms in a large cohort that the DPP-4 in-
hibitor VILDA reduces prandial glucagon levels and suggests that the sulfo-
nylurea GLIM increase them. Since glucose excursion was the same in both 
groups, we conclude that VILDA improves glycemia with less insulin than 
GLIM by more effectively reducing prandial glucagon levels.

Supported by: Novartis Pharmaceuticals
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Metabolic and insulin resistance-related indices during pioglitazone and 
vildagliptin association versus glimepiride and vildagliptin association 
in type 2 diabetic patients 
R. Fogari, A. Cicero, P. Ragonesi, S. Salvadeo, I. Ferrari, F. Querci,  
I. Franzetti, G. Gadaleta, L. Ciccarelli, M. Piccinni, A. D’Angelo, G. Derosa; 
Internal Medicine and Therapeutics, University of Pavia, Italy.

Background and aims: The aim of our study was to verify the effects of pi-
oglitazone (P) and vildagliptin (S) association vs glimepiride (G) and vild-
agliptin (V) association on metabolic and insulin resistance related-indices 
in type 2 diabetic patients.
Materials and methods: Ninety-one type 2 diabetic patients with uncon-
trolled type 2 diabetes mellitus (HbA1c > 7.5 %) were randomised to P 30 mg 
o.d. and V 50 mg b.i.d. or to G 2 mg t.i.d. and V 50 mg b.i.d. All type 2 diabetic 
patients were resulted not well controlled with diet and physical activity and 
P at dosage of 30 mg/day and G at dosage of 6 mg/day. The treatment period 
had a 9 months duration. We evaluated BMI, HbA1c, FPG, PPG, FPI, Homa 
index and collected plasma samples of adiponectin (ADN), resistin (R), tu-
mor necrosis factor-alpha (TNF-α), and high-sensitivity C reactive protein 
(Hs-CRP) at baseline, and after 9 months. Eighty-four patients completed the 
study (42 in PV and 42 in GV group).
Results: Eighty-six patients completed the study (44 in PV and 42 in GV 
group). BMI does not change in both groups. HbA1c was decreased by 
1.3±0.08 % (p< 0.01), and by 1.3±0.08 % (p< 0.01); FPG was reduced by 20±4 
mg/dl (p< 0.01), and by 23±5 mg/dl (p< 0.01); PPG was decreased by 36±8 
mg/dl (p< 0.01), and by 44±9 mg/dl (p< 0.01), in PV and GV group, respec-
tively. FPI was decreased by 2.3±0.1 μU/ml (p< 0.05, p< 0.05 vs GV), and by 
0.4±0.03 μU/ml (p< 0.05), and Homa index by 1.7±0.6 (p< 0.01 vs baseline, 
p< 0.05 vs GV), and by 1.1±0.4 (p< 0.05) in PV and GV group, respectively. 
ADN was increased by 0.9±0.01 μg/ml (p< 0.05 vs baseline, p< 0.05 vs GV), 
and by 0.2±0.002 μg/ml (ns vs baseline), in PV and GV group, respectively. 
Resistin was reduced by 1.1±0.1 ng/ml (p< 0.05 vs baseline, p< 0.05 vs GV), 
and by 0.1±0.001 ng/ml (ns vs baseline), TNF-α by 0.9±0.2 ng/ml (p< 0.05 vs 
baseline, p< 0.05 vs GV), and by 0.1±0.001 ng/ml (ns vs baseline), and Hs-
CRP by 0.8±0.007 mg/l (p< 0.05), and by 0.7±0.005 mg/l (p< 0.05), in PV and 
GV group, respectively. There was a significant correlation between Homa 
index decrease and ADN increase (r= -0.49, p< 0.01), R decrease (r= 0.52, p< 
0.01), and TNF-α decrease (r= 0.54, p< 0.01).
Conclusion: Both combinations ameliorated diabetes control, but only PV 
improved insulin resistance related-parameters. The ADN increase, R and 
TNF-α decrease seem to be related to Homa index improvement.

800
Effect of alogliptin combined with pioglitazone on beta cell function and 
insulin resistance in metformin-treated patients with type 2 diabetes
C. Burant1, P. Fleck2, C. Wilson2, Q. Mekki2, R. Pratley3, R. DeFronzo4; 
1University of Michigan School of Medicine, Ann Arbor, 2Takeda Global 
Research & Development Center, Inc., Lake Forest, 3University of Vermont 
School of Medicine, Burlington, 4University of Texas Health Sciences Center, 
San Antonio, United States.

Background and aims: This phase 3, multicenter, randomized, double-blind, 
placebo-controlled, 12-treatment arm study assessed the efficacy and safety 
of alogliptin (ALO) alone (12.5 or 25mg qd) or combined with pioglitazone 
(PIO) (15, 30, or 45mg qd) in patients with type 2 diabetes on metformin 
with inadequate glycemic control.
Materials and methods: Primary analyses compared PIO alone (all doses 
pooled; n=387) with ALO 12.5mg plus any dose of PIO (A12.5+PIO; n=390) 
or ALO 25mg plus any dose of PIO (A25+PIO; n=390) over 26 weeks.
Results: ALO in combination with PIO significantly improved measures of 
β-cell function (proinsulin:insulin ratio [PI:INS] and HOMA-B) compared to 
PIO alone. Least-squares mean changes from baseline in PI:INS and HOMA-
B were significantly different (P<.001) for A12.5+PIO (-0.087 and 18.2) and 
A25+PIO (-0.076 and 22.2) vs PIO alone (-0.027 and 5.1) at Week 26. HOMA-
IR, a measure of insulin resistance, decreased in all treatment groups; how-
ever, there was no significant difference between either A12.5+PIO (-2.2) or 
A25+PIO (-1.7) and PIO alone (-1.6) at Week 26. Combination treatment 
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with ALO and PIO was well tolerated; the number of patients experiencing 
≥1 adverse event was similar across all treatment groups. Hypoglycemia was 
rare, occurring in 2.1% of patients in the PIO group, 1.0% in the A12.5+PIO 
group, and 1.5% in the A25+PIO group.
Conclusion: In conclusion, ALO/PIO combination therapy significantly im-
proved β-cell function compared to PIO alone as evident by a decrease in PI:
INS ratio and increase in HOMA-B. Comparable improvements in insulin 
sensitivity were seen with all treatment groups. These results suggest ALO 
and PIO improve glycemic control in type 2 diabetes mellitus by complemen-
tary mechanisms of action, enhancing β-cell function and improving insulin 
resistance, respectively.
Supported by: Takeda Global Research & Development Center, Inc.

801
Liraglutide but not vildagliptin restores normoglycaemia in Psammomys 
obesus
R. Heller1, L. Vedtofte1, T.B. Bodvarsdottir2, C.F. Gotfredsen2, A.E. Karlsen2, 
L.B. Knudsen2; 
1Developmental Biology, Hagedorn Research Institute, Gentofte, 2Diabetes 
Biology, Novo Nordisk, Måløv, Denmark.

Background and aims: Psammomys obesus, or the sand rat, is a model of 
human type 2 diabetes because the development of diabetes resembles what 
is seen in humans, i.e. initial hyperinsulinemia concomitant with obesity and 
later hypoinsulinemia and hyperglycemia. We studied the effects of the GLP-
1 analog liraglutide and the DPPIV inhibitor vildagliptin in sand rats.
Materials and methods: One group of animals was maintained on low en-
ergy diet and seven groups were fed high energy diet (HED) that induced 
diabetes over a four week period. The diabetic animals were treated for 0, 
6 or 14 days with vehicle, 0.2 mg/kg liraglutide twice daily subcutaneously 
or 30 mg/kg vildagliptin twice daily orally. This dose was demonstrated to 
decrease DPP4 activity to below 50% 18 hrs after the last dosing. Beta-cell 
mass (BCM) and proliferation- and apoptosis frequencies were determined 
using stereological point counting on sections stained for insulin, Nkx6.1, 
ki67 and tunel activity.
Results: Liraglutide significantly reduced blood glucose (6 day vehicle:13.9 ± 
1.8 mM vs. liraglutide:3.1 ± 0.2; 14 day vehicle:16.5 ± 1.2 vs. liraglutide:9.4 ± 
2.1). Blood glucose was normalized in all 13 animals treated with liraglutide 
for 6 days and in 11 of 17 animals after 14 days treatment compared to none 
in any of the two control groups (n=12 and 14, respectively). HED increased 
BCM and treatment with liraglutide did not change this (LE:28.3 ± 4.5 mg/kg 
vs. 0 day:107.5 ± 28.7). There were no significant changes in proliferation 
frequency after treatment with liraglutide, but there was a tendency for de-
creased apoptosis frequency in the normalized, liraglutide-treated animals 
(6 days vehicle:0.013 ± 0.004% vs. liraglutide:0.006 ± 0.003; 14 days vehi-
cle:0.022 ± 0.008 vs. liraglutide:0.009 ± 0.003). Pancreatic insulin content at 
6 and 14 days was significantly higher in the normalized animals (P<0.05). 
Vildagliptin was not able to reduce blood glucose (6 days vildagliptin:16.4 
± 1.8 mM; 14 days vildagliptin: 19.3 ± 1.1), did not alter the HED induced 
increase in BCM, nor did it increase pancreatic insulin content.
Conclusion: These results suggest that liraglutide improved diabetes in sand 
rats partly by improving the function of the remaining islets. Vildagliptin did 
not improve the glycemic state in sand rats.
Supported by: the Ministry of Science, Technology and Innovation, Denmark.

802
Dipeptidyl peptidase 4 expression and activity in rodent models of type 
1 and 2 diabetes
D. Ikeda, S. Sakaue, I. Tsujino, Y. Ohtsuka, M. Nishimura; 
First Department of Medicine, Hokkaido University School of Medicine, 
Sapporo, Japan.

Background and aims: Glucagon-like peptide 1 (GLP-1) is a gastrointestinal 
hormone, mainly secreted after meals, which enhances glucose-induced in-
sulin secretion and induces satiety. The increase in plasma GLP-1 levels after 
mixed meal ingestion is deteriorated in patients with type 2 diabetes, in part, 
leading to impaired insulin secretion. Secreted GLP-1 is rapidly inactivated 
in vivo, with the cleavage of an N-terminal dipeptide. Because this reaction is 
catalyzed by dipeptidyl peptidase 4 (DPP4), plasma DPP4 activity is thought 
to be one of regulators of circulating active GLP-1. DPP4 activity is much 
higher in kidneys than in other tissues. Among cells, thymocytes in chief have 

high DPP4 activity, followed by endothelial cells. DPP4 mRNA expression 
and enzyme activity have been shown to be up-regulated by high glucose 
level in human renal glomerular endothelial cells in vitro. In vivo, small stud-
ies in patients with type 1 and type 2 diabetes have also suggested that chronic 
hyperglycemia induces an increase in plasma DPP4 activity. To confirm con-
tribution of diabetes to DPP4 production, we studied DPP4 expression and 
activity in rodent models of type 1 and type 2 diabetes.
Materials and methods: We used streptozocin (STZ)-induced diabetic mice 
(C57/BL6) and 10-week-old db/db mice. Vehicle-administered mice and 
db/+ mice were used as controls, respectively. STZ diabetic mice were in-
duced at 8 weeks old by intraperitoneal administrations of STZ (180 mg/kg 
weight). After 2 weeks of the inductions, the mice were investigated. DPP4 
activity was determined using synthetic substrate, and DPP4 mRNA levels in 
kidney were measured with real-time RT-PCR.
Results: STZ mice were less in body weight (STZ 17.5±2.1 g, control 20.3±0.9 
g, n=8 each, p<0.05) and had higher plasma glucose levels than control mice 
(STZ 537±173 mg/dl, control 146±12 mg/dl, p<0.05). Seven of eight STZ 
mice had plasma insulin levels below the measurable limit (0.1 ng/ml). Plas-
ma DPP4 activity in STZ mice was increased about 1.7 times of that in con-
trol mice, but not statistically significant (p=0.07). There was no difference in 
DPP4 mRNA levels in kidneys between STZ mice and controls. Body weights 
of db/db mice were increased (db/db 38.0±1.3 g, db/+ 26.1±0.8 g, n=6 each, 
p<0.05). Both plasma glucose levels (db/db 556±51 mg/dl, db/+ 186±39 mg/
dl, p<0.05) and insulin levels (db/db 11.7±4.3 ng/ml, db/+ 1.6±0.8 ng/ml, 
p<0.05) of db/db mice were increased. Plasma DPP4 activity in db/db mice 
was significantly increased (2.2 times) compared with that in db/+ mice. 
DPP4 mRNA expression in kidney was also up-regulated in db/db mice.
Conclusion: Our results suggested that hyperglycemia increases plasma 
DPP4 activity but not DPP4 mRNA in kidneys. Plasma insulin level and 
body weight seemed to be unrelated with plasma DPP4 activity. Because the 
increase in plasma DPP4 activity can contribute to the reduction in circulat-
ing GLP-1 and to the further hyperglycemia in type 2 diabetic patients with 
poor metabolic control, increased DPP4 activity due to hyperglycemia may 
account for the mechanism of glucotoxicity. In contrast, DPP4 mRNA levels 
in kidneys may not be regulated by plasma glucose levels.

803
The efficacy of exendin(9-39)amide as a GLP-1 receptor antagonist in 
human
M. Morper, M. Nicolaus, J. Wörle, B. Göke, J. Schirra; 
Department of Internal Medicine II, Campus Großhadern, University of 
Munich, Germany.

Background and aims: GLP-1 is a gut born hormone postprandially released 
from L-cells of the lower intestine. It stimulates insulin release glucose-de-
pendently by action on specific receptors on the pancreatic B-cell. In addi-
tion, GLP-1 may play a role as regulator of gastric motility, secretion and 
of satiety. In humans, the specific GLP-1 receptor antagonist exendin(9-39) 
(Ex-9) was shown to reduce the GLP-1 stimulated insulin secretion by ap-
proximately 85%. However, human research in vivo on the GLP-1 physiology 
requires a more complete inhibition of GLP-1 action. Therefore, we aimed to 
fully characterize the dose-response characteristic of Ex-9.
Materials and methods: 6 healthy subjects underwent 6 experiments in ran-
dom order. In each experiment, blood glucose was adjusted to 8 mmol/l for 
180 min (glucose clamp). On five days, GLP-1 was IV infused from 0-90 min 
at 0.3 pmol/kg/min to establish physiological postprandial plasma levels, and 
from 90-180 min at 0.9 pmol/kg/min to induce supraphysiological plasma 
levels. Saline or Ex-9 at 300, 600, 900 or 1200 pmol/kg/min were IV infused as 
a background infusion. A sixth day with an infusion of saline only served as 
control. Blood glucose concentration, glucose infusion rate (GIR) and plasma 
levels of insulin were evaluated during the last 45 min of each of the two 
periods.
Results: Ex-9 was well tolerated without any side-effects. During all experi-
ments blood glucose concentration was held constant at 143.3±0.2 mg/dl. 
During both doses of GLP-1, the insulin inhibition with increasing doses 
of Ex-9 followed an exponential pattern similar to a receptor binding curve 
(R2=0.938 and 0.891, low and high dose of GLP-1). The dose range of Ex-9 
was sufficient to cover the whole receptor-mediated insulinotropic capacity 
of GLP-1 with an ID50 of 98 and 60 pmol/kg/min for the low and high dose 
of GLP-1, respectively.
Conclusion: Ex-9 is well tolerated and inhibits dose-dependently the insuli-
notropic action of a low and high dose of synthetic GLP-1 in human. With 
Ex-9, it is possible to eliminate the effects of GLP-1. Ex-9 at a dose of 900 
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pmol/kg/min is necessary to inhibit the GLP-1 action by at least 95%. This 
may allow the analysis of the effects of endogenous GLP in vivo more quan-
titatively.

Table: Glucose infusion rate (GIR) and plasma insulin concentrations
Saline+
Saline

GLP-1+
Saline

GLP-1+
Ex-300

GLP-1+
Ex-600

GLP-1+
Ex-900

GLP-1+
Ex-1200

GLP-1 at LOW DOSE
GIR
(mg/kg/min)

4.0±0.5 13.2±1.2* 5.0±0.4* 3.9±0.3 4.3±0.3 4.3±0.7

Insulin
mU/l/10 min

21±3.4 125±23* 33±6.0* 29±5.5 27±3.9 22±2.3

% insulin
stimulation

- 100% 11±3.8% 4.8±6.3% 2.9±5.6% -0.2±4%

GLP-1 at HIGH DOSE
GIR
(mg/kg/min)

7.8±0.8 20.3±1.3* 14.9±0.8* 11.0±0.8 11.6±0.5* 10.2±1.5

Insulin
mU/l/10 min

29±5.3 680±143* 116±30* 67±12 56±8 43±7

% insulin
stimulation

- 100% 13±1.8% 6.1±1.1% 4.9±1.5% 2.7±1.2%

Mean±SEM during the last 45min of each infusion period, *:P<0.05 vs saline+saline 
(ANOVA)

Supported by: MSD
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Higher serum dipeptidyl peptidase-4 activity and insulin resistance 
index in non-alcoholic fatty liver disease than in type 2 diabetes without 
liver disease 
G. Firneisz1, T. Varga1, G. Lengyel1, J. Feher1, L. Selmeci2, Z. Tulassay1,  
A. Somogyi1; 
1Semmelweis University 2nd Department of Medicine, 2Heart and Vessel 
Surgery Clinic, Budapest, Hungary.

Background and aims: Dipeptidyl peptidase-4 inhibitors were introduced in 
the treatment of type 2 diabetes mellitus and increased serum DPP-4 activ-
ity (sDPP-4) was reported in chronic liver diseases. We studied the sDPP-4 
and the insulin resistance index (HOMA2-IR) in patients with type 2 diabe-
tes mellitus (T2DM) and non-alcoholic fatty liver disease (NAFLD) and in 
healthy controls (CNTRL).
Materials and methods: sDPP-4 activity was measured by kinetic assay 
in 39 NAFLD (F/M:19/20, age: 47.42 yrs (95%CI: 43.83-51) and 86 T2DM 
(F/M:50/36, age: 62.8yrs (95%CI: 60.46-62.14) pateints and 23 (F/M:12/11, 
age:35.33yrs (95%CI: 28.76-41.91) healthy individuals. In order to generate 
non-overlapping groups we excluded those patients from the T2DM group 
who were clinically with liver disease (abnormal liver tests within 1 year or 
abnormal liver ultrasound morphology). All patients with NAFLD from the 
hepatology outpatient unit -except the 9 previously known diabetic individu-
als- underwent 75g CH OGTT. Insulin resistance index (HOMA2-IR) was 
calculated by the computational method. Kolmogorov-Smirnov-test, T-test, 
One-way ANOVA and Pearson correlation were used.
Results: Patients in the 2DM (BMI: 29.27 kg/m2; abdominal circumference M/F: 
107.6/109.9 cm), and the NAFLD groups (BMI: 30.36 kg/m2; abdominal circum-
ference M/F: 103.7/110.6 cm) were with similar degree of obesity. 75g CH OGTT 
in 39 NAFLD pts: 24 normal glucose tolerance (NGT), 4 impaired glucose toler-
ance (IGT) or impaired fasting glucose (IFG) and 11 type 2 diabetes. HOMA2-IR 
step by step increase: CNTRL: 1.98; T2DM (liver disease excluded): 2.58; NAFLD-
NGT: 3.2 (p<0.05 vs CNTRL); NAFLD-IFG/IGT/T2DM: 3.82 (p<0.01 vs CNTRL, 
p<0.05 vs T2DM) (Figure1). sDPP-4 activity was higher in the 39 NAFLD pts 
(mean:32.49U/L, 95%CI:29.57-35.4) than in controls (26.08U/L,95%CI: 24.29-
27.87 p<0.01) or in the T2DM group (24.16U/L,95%CI: 22.54-25.77 p<0.001). 
Correlations were detected among sDPP-4 and ALT (r=0.4637,p=0.0038) and 
gGT (r=0.4991,p=0.0017) activities and HOMA2-IR (r= 0.5295,p=0.0026) in 
NAFLD and among the HOMA2-IR and ALT (r=0.4340,p=0.0147) and gGT 
(r=0.4128,p=0.0210) within the NAFLD group.
Conclusion: In contrast to NAFLD, the serum DPP-4 enzyme activity was 
not increased in patients with T2DM without liver disease, where the inhibi-
tor therapy is approved. sDPP-4 activity correlated with liver tests in NAFLD 
supporting that the excess is of hepatic origin. Based on the association of 
liver tests and HOMA2-IR and on the higher HOMA2-IR values in NAFLD 

than in the similarly obese T2DM pateints without liver disease we concluded 
that liver disease should contribute to the development of insulin resistance. 

Supported by: OTKA Grants: PD 73606, Hungarian Diabetes Association, ETT: 
448/2006 Somogyi A.
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Prolonged GLP-1 and Ex-4 treatment on fat Glut-4 expression in insulin-
resistant state
I. Gutierrez-Rojas, P. Moreno, B. Nuche-Berenguer, I. Ramos-Álvarez,  
A. Acitores, I. Valverde, M.L. Villanueva-Peñacarrillo; 
Fundacion Jimenez Diaz, Madrid, Spain.

Background and aims: It is known that GLP-1 has direct stimulatory effects, 
through specific receptors, upon the respective main metabolism of liver, 
muscle and fat. Exendin-4 (Ex-4) although being a peptide of non-mam-
malian nature, shares with GLP-1 a 52% structural homology and its glu-
coregulatory actions in normal and diabetic states; in fat tissue, both GLP-1 
and Ex-4 stimulate glucose transport and also lipogenesis and lipolysis in a 
kinase-dependent manner. Here we studied the effect of prolonged treatment 
with GLP-1 and Ex-4 upon Glut-4 expression in fat tissue of insulin-resistant 
(IR) rats, compared to normal (N).
Materials and methods: IR model was induced in male Wistar rats by chron-
ic feeding -8 weeks- with standard chow combined with D-fructose (20% in 
the drinking water). IR (n=5-8/group) and N (n=5-13/group) rats were 3-
days treated with saline (control), GLP-1 (0.86 nmol/kg/h) or Ex-4 (0.1 nmol/
kg/h); blood samples were taken before and by the end of the treatment for 
plasma glucose and insulin (RIA) measurements; Glut-4 expression -protein, 
by Western blot, and mRNA, by RT-PCR- was studied in the epididimal fat 
pads.
Results: Glut-4 mRNA in IR-control was lower (p<0.001) than normal 
(0.38±0.04 times N-control) while the glucotransporter protein value was 
not altered. In N, and as previously observed, GLP-1 treatment reduced both, 
Glut-4 mRNA (0.20±0.07 times N-control, p<0.001) and protein (42±5% N-
control, p<0.001); in IR, GLP-1, while failing to modify the Glut-4 mRNA, in-
duced though an increase (p<0.02) in the protein level (126±5% IR-control). 
In N, Ex-4 treatment reduced the Glut-4 mRNA (0.69±0.13 times N-con-
trol, p<0.05) without modifying the protein value; yet, in IR, Ex-4 induced 
an increase in the Glut-4 mRNA level (2.1±0.5 times IR-control, p<0.05) 
which was not accompanied by changes in the glucotransporter protein value 
(93±6% IR-control).
Conclusion: GLP-1 and Ex-4 have beneficial effects in the altered fat Glut-4 
expression in insulin-resistant rats, GLP-1 by acting at the translational and 
Ex-4 at the transcriptional level. These effects could account for the previ-
ously observed improvement in fat glucose transport in this insulin-resistant 
state.
Supported by: the Spanish Ministry of Health
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Beta cell stimulation by saxagliptin in patients with type 2 diabetes
J.F. List1, R. Henry2, S. Smith3, S. Schwartz4, R.Y. Duan1, R. Chen1; 
1Bristol-Myers Squibb Company, Princeton, 2Va San Diego Healthcare 
System, San Diego, 3Louisiana State University, Baton Rouge, 4Diabetes And 
Glandular Disease Research Assoc., PA, San Antonio, United States.

Background and aims: Saxagliptin (SAXA) is a potent, selective DPP-4 in-
hibitor, specifically designed for extended inhibition of the DPP-4 enzyme. 
DPP-4 inactivates incretins that stimulate glucose-dependent insulin secre-
tion and inhibit glucagon secretion. A proposed MOA of SAXA involves pro-
tecting incretins from DPP-4 degradation, thus improving beta-cell response. 
This randomized, parallel-group, double-blind, placebo (PBO)-controlled 
study (CV181-041) assessed SAXA’s effect on beta-cell function by intrave-
nous hyperglycemic clamp (IV HC) in patients with type 2 diabetes (T2D).
Materials and methods: Patients were assessed at baseline (BL) and wk 12 
in the fasting state (0-180min, IV HC) and after stimulating incretin secre-
tion by orally ingesting 75g glucose (180-480min, IV-oral HC). HC infusions 
were adjusted to maintain plasma glucose at 280mg/dL. Insulin secretion was 
calculated by C-peptide deconvolution. Primary endpoint was %Δ from BL 
in total insulin secretion (%Δ insulin) during IV-oral HC (180-480min). Sec-
ondary endpoint was %Δ insulin during IV HC (120-180min). Patients were 
drug-naïve with T2D aged 43-69yrs with BL A1C range 5.9%-8.1%. Twenty 
patients received SAXA 5mg od; 16 received PBO.
Results: After 12 wks, SAXA significantly increased %Δ insulin from BL dur-
ing IV-oral HC (adj% difference of 18.5% vs PBO, p=.035). In the fasting state 
during IV HC SAXA significantly increased %Δ insulin from BL (adj% differ-
ence of 27.9% vs PBO, p=.020). At wk 12 insulin secretion increased from BL 
with SAXA but not with PBO (Fig). Glucagon AUC during IV-oral HC also 
improved from BL with SAXA (adj% difference of -21.8% vs PBO, p=.031). 
SAXA was generally safe and well-tolerated.
Conclusion: SAXA improved pancreatic beta-cell function in the postpran-
dial and fasting states and decreased postprandial glucagon concentration.

Supported by: BMS and AZ
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Gender-specific response of uncoupling protein 3 gene in the newborn 
mice to moderate supplementation of maternal diet by n-3 long-chain 
polyunsaturated fatty acids
Z.M. Jilkova1, D. Medrikova1, P. Janovska1, M. Rossmeisl1, E. Tvrzicka2,  
J. Kopecky1; 
1Dept. of Adipose Tissue Biology, Institute of Physiology, 24th Department 
of Internal Medicine, Charles University, Prague, Czech Republic.

Background and aims: Perinatal development is affected by long-chain 
omega-3 polyunsaturated fatty acids (n-3 LC-PUFA) transported into foe-
tus from maternal circulation and ingested by newborns with milk during 
lactation. Aim of this work was to characterize the effects of a moderate n-3 
LC-PUFA supplementation of mothers’ diet on (i) the content of eicosanoic 
(EPA) and docosahexaenoic (DHA) acid in milk and liver of the offspring, 
(ii) body weight gain of the newborns, and (iii) expression of genes of energy 
metabolism in the muscle of the newborns, also with regard to possible gen-
der-specific differences.
Materials and methods: Adult C57BL/6N female mice were randomly as-
signed to standard (ST) diet containing 6 % (wt/wt) fat, or ST diet with 5% 
of dietary fat replaced by EPA/DHA concentrate EPAX1050 TG (EPAX AS, 
Aalesund, Norway; ST-FO diet). Mice and their pups remained on experi-
mental diets during pregnancy and lactation. After weaning at 31 d, pups 
of both dietary groups were randomly assigned either ST or high-fat (HF; 
35% fat wt/wt) diet. Mice of all four subgroups (ST-HF, ST-FO-HF, ST-ST 
and ST-FO-ST; n=8) were maintained on the ST or HF diet for 2 weeks. Milk 
consumption and fatty acid composition, as well as liver fatty acid compo-
sition were evaluated at 10 d after birth, while muscle gene expression was 
characterized at 2 weeks after initiation of ST or HF feeding.
Results: Milk consumption was not affected by n-3 LC-PUFA intake. Milk 
EPA concentration was marginally elevated (0.19±0.02 vs. 0.26±0.01 Mol%; 
p<0.05), while milk DHA concentration was elevated 10-fold (0.09±0.01 vs. 
0.88±0.05 Mol%; p<0.05), due to dietary supplementation by n-3 LC-PUFA. 
Also liver concentrations of both EPA and DHA were increased due to sup-
plementation, but the increase was similar for both fatty acids (2.6- and 1.4-
fold for EPA and DHA, respectively). These results are in agreement with a 
high metabolism of n-3 LC-PUFA in the liver. HF diet induced higher body 
weight gain compared with ST diet, but n-3 LC-PUFA intake during gestation 
and lactation had no effect. Among several genes studied, uncoupling protein 
3 gene (Ucp3) showed by far the most significant induction due to HF diet, 
namely in gastrocnemius muscle of male mice. A similar pattern of changes 
in Ucp3 expression was observed in soleus but not in gastrocnemius muscle 
of female mice, where the interaction with n-3 LC-PUFA was only observed.
Conclusion: Our results indicate muscle type- and gender-specific differ-
ences in the effects of n-3 LC-PUFA on expression of genes of energy me-
tabolism in murine muscle during early postnatal development, namely in 
response to elevated DHA intake during lactation. Possible lasting metabolic 
consequences of these effects will be studied.
Supported by: EARNEST
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Supplementation with conjugated linoleic acid causes isomer-dependent 
anti inflammatory effects in human monocytes
J. Herrmann1, U. Helwig2, R. Haesler3, D. Rubin2, D. Bell4, P. Winkler5,  
C. Laue5, M. Pfeuffer1, S. Schreiber2, J. Schrezenmeir6; 
1PBE, MRI, Kiel, 2First Department of Medicine, UKSH, Kiel, 3Institute 
for Clinical Molecular Biology, UKSH, Kiel, 4Nutrition & Health - Global 
R & D, Cognis Germany GmbH & Co. KG, Monheim, 5Center of Clinical 
Research, Tecura GmbH Medizin & Biotechnik, Kiel, 6PBE, MRI, Kiel/ 
Karlsruhe, Germany.

Background and aims: Diabetes mellitus is associated with inflammatory 
endothelial activation and production of proinflammatory cytokines. Vari-
ous beneficial of conjugated linoleic acids (CLAs) effects including decreas-
ing atherosclerosis, diabetes and inflammation were described in vivo and 
in vitro. In humans evidence is currently conflicting. Aim of the presented 
study was to investigate effects of CLA supplementation on gene expression 
in monocytes and to elucidate the mechanisms involved.
Study design and methods: In a randomized, double blind, cross-over study, 
34 healthy males (45-65y), consumed 4.25g preparation per day of either ref-
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erence oil (linoleic acid) or cis-9, trans-11 CLA isomer or trans-10,cis-12 CLA 
isomer or a 1:1 mix of both isomers for 4 weeks. Intervention periods were 
separated by 4 weeks wash out. After each intervention monocytes were sepa-
rated, genome wide expression analysis using microarrays was performed, 
and several regulated genes of interest were verified by a real-time PCR.
Results: 42 genes were verified by real-time PCR out of those 17 genes could 
be confirmed as regulated significantly after at least one intervention. The 
strongest change compared to reference oil was found after consuming trans-
10, cis-12 CLA proinflammatory genes like IL-8 (-3.1 fold change (fc)), IL-1b 
(-2.6 fc) and COX2 (-1.48 fc) were significantly lower expressed. After 1:1 
mix intervention the effect was similar (IL-1β 1.6 fc; IL-8 -1.3 fc; COX2 -1.3 
fc). Both preparations regulated a number of additional genes. Whereas after 
cis9, tans11 CLA administration only a few genes were affected and changes 
were weaker (IL-8 -1.6 fc; IL-1b -1.6 fc; all other not significantly regulated).
Conclusion: These data suggest that CLA achieves isomer-specific anti-in-
flammatory effects and that the potency of a 1:1 CLA mixture of both iso-
mers does not equal the added up effect of its single isomers. The strongest 
antiinflammatory effects in monocytes were found after tans-10, cis-12 CLA 
supplementation.
Supported by: BMBF AZ-0312823A/B
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Effects of choline/methionine-deficient diet upon hepatic carbohydrate 
metabolism and bioenergetics in perifused liver cells or isolated 
mitochondria from fatty livers
D. Detaille1, C. Sánchez-Martín1, M.N. Sanz1, F. Gómez-Peralta2,  
J. Recio-Córdova2, X. Leverve3, J.M. González-Buitrago4, M.Y. El-Mir1; 
1Physiology and Pharmacology, S-12, University of Salamanca, Spain, 
2Endocrinology Unit, Hospital University of Salamanca, Spain, 3INSERM 
U884, University of Grenoble 1, Grenoble, France, 4Research Unit, Hospital 
University of Salamanca, Spain.

Background and aims: Nonalcoholic steatohepatitis (NASH) is an important 
form of liver disease that may progress to cirrhosis and liver failure. Feeding 
rodent a lipogenic methionine-choline deficient diet (MCDD) is a frequently 
employed non-physiological nutritional model that leads to hepatic injuries 
similar to those seen in human steatosis. Nevertheless, the mechanisms un-
derlying this major pathogenesis remain still unknown at the energy metabo-
lism level. Using, for the first time, the liver cell perifusion system from fatty 
livers, the purpose of this study was to explore the alterations in both glucose 
utilization and mitochondrial bioenergetics induced in MCDD Wistar rats.
Materials and methods: Rats (200-250 g) were separated in two different 
groups and received either a standard diet or the high fat-MCDD provided in 
small pellets during 4 weeks. Hepatocytes, isolated from the livers of starved 
animals by the collagenase method, were perifused at 37ºC with Krebs-bicar-
bonate-calcium medium saturated with O2/CO2, then titrated with increasing 
amounts of dihydroxyacetone (DHA) as gluconeogenic substrate to get seven 
consecutive steady states. For each of them, the net rates of glucose (JGlucose) or 
lactate-plus-pyruvate (JL+P) production were assessed in the cellular perifu-
sate. We further studied the mitochondrial consequences of fat accumulation 
in this model by determining oxidative phosphorylation and production of 
reactive oxygen species (ROS) in isolated mitochondria.
Results: In DHA-perifused liver cells, MCDD significantly reduced (-52%, 
p<0.001) global metabolism of this carbohydrate source (J2G+L+P), as com-
pared with control diet. This response was largely explained by a strong inhi-
bition of both gluconeogenesis (JGlucose) and glycolysis (JL+P). Furthermore, a 
decrease in L/P ratio, which reflects a more oxidized cytosolic NADH/NAD+, 
was also evidenced in MCDD rats. On the other hand, liver mitochondria 
from these treated rats exhibited a higher oxygen consumption rate (+ 25%) 
in presence of succinate as energetic substrate, but these MCDD organelles 
had the same respiratory index than the control mitochondria. Interestingly 
enough, a low ROS formation was found in MCDD animals.
Conclusion: Our data show that MCD diet causes a net inhibition of the 
DHA global metabolism, but it also triggers a response mechanism on the 
bioenergetic level, likely designed to overcome, at least partially, the induced 
steatosis. We could suggest this dietary model as a tool for some pharmaco-
logical approach of the fatty liver diseases management.

810
Restoration of impaired intestinal permeability and changes in the 
gut cytokine profile are mechanisms in type 1 diabetes prevention by a 
hydrolysed casein diet
J.T.J. Visser1, A. Fasano2, A. Hoogendijk1, S. Brugman3, H. Harmsen4,  
G. Welling4, M. Walther Boer1, N. Bos1, F. Stellaard5, K. Lammers2,  
J. Rozing1; 
1Cell Biology, Section Immunology, University Medical Center Groningen, 
Netherlands, 2Mucosal Biology Research Center, Baltimore, United States, 
3Gastroenterology and nutrition, Erasmus Medical Center Rotterdam, 
Netherlands, 4Medical Microbiology, University Medical Center Groningen, 
Netherlands, 5Laboratory of Liver, Digestive and Metabolic Diseases, 
University Medical Center Groningen, Netherlands.

Background and aims: Diabetogenic triggers from the food and gut micro 
flora can induce the autoimmune cascade leading to type 1 diabetes (T1D). 
However, in order to induce the autoimmune process, these diabetogenic an-
tigens have to pass the intestinal barrier. T1D patients and animal models 
for T1D show an impaired intestinal barrier function. In this study we in-
vestigated whether prevention of T1D by the hydrolysed casein (HC) diet is 
related to restoration of this impaired intestinal barier function.
Materials and methods: To this end, Diabetes Prone (DP)-BB rats were given 
the HC-diet from weaning on and followed for the development of T1D. At 
fixed time points feces, gut tissue and blood was collected. Composition of 
the bacterial flora was established in the feces by qPCR. From the gut tis-
sue RNA was isolated and expression of tight-junction (TJ) related proteins 
such as Myo9B, claudins and occludin and the cytokine profile was analysed. 
Serum zonulin levels (protein that regulates TJ function) were measured by 
ELISA. The transepithelial electrical resistance (TEER; indicator of intestinal 
permeability) was measured on ileum samples in vitro by snap well assay. In 
addition, BB-DP rats were subjected to a Lactulose Mannitol (LA/MA) test to 
measure intestinal permeability in vivo.
Results: BB-DP rats showed increased serum zonulin levels and a reduced 
TEER as compared to diabetes resistant (DR) rats. Serum zonulin levels were 
decreased in DP BB rats receiving the HC-diet. In addition the TEER was 
increased in BB-DP rats on the HC-diet. Moreover, the rats on the HC-diet 
showed a decreased Lactulose Mannitol ratio (which indicates a low intesti-
nal permeability) as compared to the BB-DP rats on the standard diet. The 
HC-diet caused a reduction of the Myo9B expression, an increase of clau-
din-1 and a reduced claudin-2 expression in the ileum. Moreover, the HC 
diet caused an increase in IL-10 and TGF-beta expression. The percentage of 
rats responding with a decrease of their intestinal permeability (increase in 
TEER and reduction of LA/MA ratio) after feeding the HC-diet correlated 
with the rate of protection against T1D development. Intriguingly, the change 
in TEER of the ileum was negatively correlated with the bacteroides levels in 
the gut. This further strengthens our previous observations that high bacter-
oides levels are negatively correlated with T1D development (Brugman et al., 
Diabetologia 2006).
Conclusion: Prevention of T1D by feeding BB-DP rats an HC-diet, corre-
lated with the restoration of the intestinal barrier function. Modification of 
the gut micro flora, direct effects on the tight junctions, changed cytokine 
profile and reduced zonulin production might be important mechanisms for 
this effect. Interfering with intestinal permeability via modification of the gut 
microflora and tight junctions might lead to novel therapies in the preven-
tion of T1D.
Supported by: Dutch Diabetes Foundation

811
Ethanol consumption patterns determine the effect of ethanol on insulin 
sensitivity in high-fat diet-fed rats: role of adiponectin and AMPK α
L. Feng, L. Gao, J. Zhao; 
Shandong Provincial Hospital affiliated to Shandong University, Jinan, 
China.

Background and aims: Protective and detrimental effects of ethanol on in-
sulin sensitivity have been widely reported. This may be due to the different 
ethanol dosage and the variations in consumption patterns. Here we inves-
tigated the effect of two moderate ethanol consumption patterns on insulin 
sensitivity in high-fat (HF) diet-fed rat and explore the possible mechanisms 
mediated by adiponectin and AMP-activate protein kinase (AMPK).
Materials and methods: Total 48 male wistar rats were randomly divided 
into four groups and received either normal diet (group C) or high-fat diet 
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(group HF, HF+E1, and HF+E2). Rats in group HF+E1 received edible etha-
nol twice daily by gastric tube, while animals in group HF+E2 drank etha-
nol solution instead of tap water and the total daily ethanol dosage in both 
groups was the same (5 g/kg/d, a moderate ethanol dosage). After treated for 
22 weeks, fasting blood samples and epididymal and perirenal fat pads were 
obtained. Gene transcription and protein expression were tested by RT-PCR 
and western blotting, respectively.
Results: As shown in table 1, ethanol administration lessened the weight gain 
effect of HF diet. Coincident with body weights (BWs), the epididymal and 
perirenal fat masses in group HF+E1 and HF+E2 were smaller than that in 
group HF. Elevated fasting glucose level and fasting insulin concentration 
in group HF were reduced by ethanol addition. Accordingly, evaluated by 
HOMA-IR, insulin resistance was found in HF diet-fed rats, but was then 
ameliorated after ethanol administration. Twice daily ethanol administration 
pattern was observed better than continuously drinking pattern in improving 
adverse effect of HF diet.

Table 1: Characterization of the Rats in 4 groups
C HF HF+E1 HF+E2

BWs (g)
Initial

220.3±13.1 219.5±15 224.6±19.5 221±13.9

BWs (g)
Final

477.7±34.5 540.7±58.4** 495.3±43# 515.8±45.2

Epididymal fat mass  
(% of BW)

0.9±0.3 1.3±0.3* 1.0±0.5 1.2±0.3

Perirenal fat mass  
(% of BW)

1.3±0.5 2.3±0.5** 1.6±0.7## 2.2±0.8

Fasting glucose level 
(mmol/L)

4.1±1.7 5.2±1.0 4.8±1.4 5.2±1.3

Fasting insulin  
concentration (mIU/L)

20.6±5.2 26.4±5.6* 21.2±3.4# 25.1±4.3

HOMA-IR 3.7±1.2 6.5±2.3** 4.6±1.9# 5.9±2.1
Serum ethanol  
concentration (mg/dl)

0 0 10.8±4.4 4.0±1.1

Serum adiponectin  
concentration (μg/ml)

25.8±3.2 16.5±3.7* 22.7±6.5## 17.7±5.2

Adiponectin contents in 
epididymal adipose  
tissue (μg)

88.8±20.3 47.3±18.9** 82.6±19## 55.8±17.1

*P<0.05, **P<0.01 vs. group C, #P<0.05, ##P<0.01 vs group HF.

Ethanol consumption increased adiponectin concentration in both serum 
and epididymal adipose tissue in the setting of HF diet, such an effect was 
more obvious in group HF+E1 than in group HF+E2. As we know, adiponec-
tin is an activator for AMPK. In concert with the changes of adiponectin, 
HF diet alone reduced the ratio of activated-AMPK α to Total-AMPKα to 
39.08% of that in group C (P< 0.01 vs. C) and twice ethanol consumption and 
continuously ethanol drinking recovered the ratio to 88.9% (P< 0.01 vs. HF) 
and 45.8% (P> 0.05 vs. HF) of that in group C. In parallel with the changes 
of AMPK activation, both GLUT4 mRNA and protein expression were sig-
nificantly impaired in group HF (P< 0.01 vs. C), and were then recovered to 
nearly normal levels in group HF+E1 (P< 0.01 vs. HF), but only recovered to 
60.1- and 68% of normal levels in group HF+E2 (P> 0.05 vs. HF).
Conclusion: Moderate ethanol consumption might ameliorate the adverse 
effect of HF diet on insulin sensitivity in rats, twice administration pattern 
was much better than continuously drinking pattern. The mechanism for the 
protective effect of ethanol might be mediated by increased serum and adi-
pose tissue adiponectin levels, subsequently improved activation of AMPK α, 
then GLUT4 expression in adipose tissue.
Supported by: Natural Science Foundation of Shandong Province (Y2001C12), 
the Department of Health of Shandong
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Acute effect of oral administration of dietary products enriched in 
antioxidants on post-prandial endothelial function in apparently healthy 
adults
I. Zavaroni1, L. Franzini1, S. Haddoub1, D. Del Rio2, C. Melegari3,  
L. Cavani2, F. Brighenti2, D. Ardigò1; 
1Internal Medicine and Biomedical Sciences, University of Parma, 2Public 
Health, University of Parma, 3R&D Department, Barilla G&R Fratelli, 
Parma, Italy.

Background and aims: Oxidative stress has been advocated as a major cause 
for cardiovascular disease and low plasma antioxidant’s concentrations have 
been associated with endothelial dysfunction (ED), the first step to athero-
sclerosis. Since food ingestion induces a temporary burst in oxidative stress 
and acutely impairs endothelial function (EF), it is conceivable that the long-
term development of atherosclerosis might be at least partially attributed to 
repeated exposures to post-meal ED. Although experimental data show that 
the co-administration of antioxidants to an oral glucose tolerance test im-
proves post-prandial ED, it is still unclear whether the supplementation of 
regular food with antioxidants is associated with an improved post-prandial 
EF profile.
Materials and methods: To address this issue, we conducted a placebo-con-
trolled cross-over intervention study on 31 apparently healthy adults (13F/ 
18M, mean age = 65 ± 4 years) who underwent to the single administration 
of a breakfast snack supplemented with antioxidants or a placebo snack, in a 
randomized order, with a week of wash out between the two tests. The anti-
oxidant-enriched snack was composed by two products -a beverage (green 
tea or berries juice) and a cereal bar- supplemented with vitamin E (12 mg 
per serving of beverage and 15 mg per serving of bar), vitamin C (90 mg per 
beverage and 80 mg per bar) and cathechins (35 mg per serving of both). 
Placebo snacks were prepared to be identical to the active ones in terms of ap-
pearance and organoleptic properties. All subjects came in the morning, after 
overnight fasting, and underwent to a Flow Mediated Dilatation (FMD) test 
fasting, 2, and 3 hours after snack ingestion. Blood was drawn with the same 
time-course to evaluate changes in plasma antioxidant concentrations.
Results: We observed a significant and sustained decline in EF in the pla-
cebo meal 2 and 3 hours after snack ingestion (maximal post-ischemic va-
sodilation during FMD test decreased from 6.4±3.5% at baseline to 4.9±2.6% 
and 4.9±2.8% respectively; p<0.05 for both), whereas the assumption of the 
antioxidant-enriched snack was associated with a significant improvement 
(p<0.05) of FMD values ranging from 5.4±3.3% at baseline to 6.6±3.4% af-
ter 2 and 6.5±3.5% after 3 hours. In addition, we observed the appearance 
of measurable concentrations of epigallocathechin gallate at 2 and 3 hours 
(29.8±22.1 and 27.8±24.8 nMol/L, respectively) after the assumption of the 
antioxidant-enriched meal and a significant increase in vitamin C plasma lev-
els at 2 and 3 hours (p<0.01 for both). No significant variation was identified 
in vitamin E plasma concentrations.
Conclusion: In a population of apparently healthy subjects, the supplemen-
tation of a mixed meal with antioxidants is able to reverse the temporary 
decline in endothelial function usually observed in the post-prandial phase, 
inducing an acute increase in endothelial-dependent vasodilation. These data 
suggest that functional foods supplemented with antioxidants (like snacks 
and beverages) could have a favourable effect on post-prandial EF, raising the 
speculation that their introduction in a regular diet might produce positive 
long term effect on atherosclerosis development.

813
Impact of the oral glucose spray, liquid sugars or dextrose tablets on the 
evolution of plasma glucose concentration in healthy persons
R. Chlup1,2, J. Zapletalova3, K. Peterson1, R. Perera1, K. Langova3,  
A. Tancred1, J. Smital1, H. Pribylova1, I. Poljakova1; 
1Dept. of Physiology, Faculty of Medicine, Palacký University, 2IInd Dept. 
Of Medicine, Teaching Hospital, 3Dept. of Biophysics, Faculty of Medicine, 
Palacký University, Olomouc, Czech Republic.

Background: In order to combat hypoglycaemia in persons with diabetes, 
oral glucose spray was believed to offer a sophisticated solution of this com-
plication. However, clear references to the effects of oral glucose spray on 
plasma glucose concentration (PG) are missing.
Aims: The purpose of this prospective controlled trial was to assess the 
efficacy of three commercially available glucose products on the evolution of 
PG: (1) the oral glucose spray, (2) liquid sugar jelly, (3) dextrose tablet.
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Methods: Sixteen healthy volunteers aged 21.8 ± 0.78 y (mean ± SE), BMI 
23.5 ± 0.84 kg/m2, tested their PG over the course of three sets of 4 sessions 
(S) each: S0-control fasting, S1 with oral administration of 10 glucose spray-
doses (5 doses on the mucosa of each cheek, as indicated by the manufacturer, 
without swallowing), i.e., 0.84 g of glucose at time 0; S2 with consumption 
of 1 sachet (13 ml) of the liquid sugar (ca. 5.2 g glucose, 5.2 g fructose, 5.2 g 
sucrose); S3 with chewing and consumption of 1 dextrose tablet (6 g). Each S 
was performed between 6 and 9 h a. m., after fasting for the previous 6 hours. 
PG was tested in finger-prick capillary blood using personal glucometer Li-
nus, Wellion, Agamatrix, Inc., Salem, NH, at start, at 5, 10, 15, 20 and 30 
min. During all tests, the subjects remained seated, and did not engage in any 
physical activity. Statistical software SPSS v. 15, SPSS, Inc, Chicago, IL, was 
used. Means of 3 sessions in each of 16 subjects were analyzed.
Results: Wilcoxon-signed-rank-test revealed no differences between the 
change of the mean PG at start vs. 5-minute intervals neither in control- nor 
in intervention sessions. For the 30-minute time period after ingestion, anal-
ysis of regression coefficients demonstrated increase of PG after consumption 
of a sachet of liquid sugar (0.068 mmol/l/min, p = 0.001) which prevails over 
a single dextrose tablet (0.052 mmol/l/min, p = 0.002) but does not appear af-
ter oral glucose spray (0.005 mmol/l/min, p = 0.215), as compared to control 
session (see boxgraphs in Figure for details).
Conclusion: Liquid sugar jelly and dextrose tablets are effective means to 
increase PG within 10 minutes after ingestion. Oral glucose spray resulted in 
no increase of PG in the course of 30 minutes after its use. So, oral glucose 
spray cannot be recommended to combat hypoglycaemia.

Supported by: IGA NR 7825, Ministry of Health, and MSM 6198959216, Min-
istry of Education, Czech Republic
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Differential effects of protein quality on postprandial lipaemia in 
response to a fat-rich meal in type 2 diabetes: comparision of whey, 
casein, gluten and cod protein
L.S. Mortensen1, M.L. Hartvigsen1, L.J. Brader1, A. Astrup2,  
J. Schrezenmeir3, J.J. Holst4, C. Thomsen1, K. Hermansen1; 
1Department of Endocrinology and Metabolism C, Aarhus University 
Hospital, Denmark, 2Department of Human Nutrition, Faculty of Life 
Science, University of Copenhagen, Denmark, 3Federal Research Institute 
for Nutrition and Food, Institute for Physiology and Biochemistry of 
Nutrition, Kiel, Germany, 4Department of Biomedical Sciences, The Panum 
Institute, University of Copenhagen, Denmark.

Background and aims: Enhanced and prolonged postprandial triglyceride 
responses involve increased cardiovascular risk in type 2 diabetes (T2DM). 
Dietary fat and carbohydrates profoundly influence postprandial hypertrig-
lyceridemia whereas little information exists about the effect of proteins. The 
aim of this study was to compare the effects of the proteins casein, whey, cod, 
and gluten on postprandial lipid and incretin responses to a high-fat meal 
in T2DM.
Materials and methods: Cross-over study of twelve type 2 diabetics. Blood 
samples were collected over 8 h after ingestion of a test meal containing 

100g butter and 45g carbohydrate in combination with 45g of either casein 
(Cas-meal); whey (Whe-meal); cod (Cod-meal); or gluten (Glu-meal). We 
measured plasma levels of triglyceride, retinyl palmitate (RP), free fatty ac-
ids (FFA), insulin, glucose, glucagon, glucagon-like peptide1 (GLP-1), and 
glucose-dependent insulinotropic peptide (GIP). For statistical analysis were 
used One way repeated measurement ANOVA. p<0.05 are considered as sta-
tistical significant.
Results: The incremental area under the curve for triglyceride was signifi-
cantly lower after the Whe-meal than after the other meals (p=0.008). The 
RP response was lower after Whe-meal than after Cas- and Cod-meal in the 
chylomicron-rich fraction (p=0.019) and higher after Whe-meal than after 
Cod- and Glu-meal in the chylomicron-poor fraction (p=0.003). FFA was 
most pronouncedly suppressed after whey (p<0.001). The glucose response 
was lower after the Whe-meal than after the other meals (p=0.015), whereas 
no significant differences were found in insulin, glucagon, GLP-1, and GIP 
responses.
Conclusion: The data suggest that as a supplement to a fat-rich meal in 
T2DM subjects, whey protein seems to outperform other proteins in terms 
of postprandial lipemia improvement possibly owing to formation of fewer 
chylomicrons or increased clearance of chylomicrons.
Supported by: DanORC, NCoE programme (SYSDIET) and the Danish Dia-
betes Association
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The effet of vitamin D status on insulin action and secretion in subjects 
with the metabolic syndrome
H.L. Gulseth1,2, I.M.F. Gjelstad2, J.A. Lovegrove3, C. Defoort4, E.E. Blaak5,  
A. Dembinska-Kiec6, J. Lopez-Miranda7, B. Karlström8, H.M. Roche9,  
C.A. Drevon2, K.I. Birkeland1; 
1Department of Endocrinology, Oslo University Hospital Aker, Norway, 
2Department of Nutrition, University of Oslo, Norway, 3Hugh Sinclair 
Unit of Human Nutrition, Department of Food Biosciences, University 
of Reading, United Kingdom, 4INSERM, 476 Human Nutrition and 
Lipids, University Méditerranée Aix-Marseille 2, France, 5Department 
of Human Biology, NUTRIM, School for Nutrition and Toxicology and 
Metabolism, University of Maastricht, Netherlands, 6Department of Clinical 
Biochemsitry, Jagiellonian Medical College, Krakow, Poland, 7Lipid and 
Atherosclerosis Unit, Department of Medicine, Reina Sofia University 
Hospital, Cordoba, Spain, 8Department of Public Health and Caring 
Sciences/Clinical Nutrition and Metabolism, Uppsala University, Sweden, 
9Nutrigenomics Research Group, UCD Conway Institute & School of Public 
Health, Population Science, University College Dublin, Ireland.

Background and aims: Accumulated evidence suggests that low levels of vi-
tamin D is associated with impaired glucose metabolism and an increased 
risk of developing type 2 diabetes. However, very few studies have examined 
the role of vitamin D status for β-cell function with appropriate methods. 
We have evaluated the relationship between serum 25-hydroxyvitamin D3 
(25-OHvitD3) and insulin action and secretion in subjects with the metabolic 
syndrome (MetS).
Materials and methods: 25-OHvitD3 was measured with HPLC-MS in 
baseline samples from 446 subjects with MetS recruited for the LIPGENE 
dietary intervention study. Subjects (45% males) were from eight European 
centres, mean age was 54.6 ± 8.9 years and mean BMI 32.4 ± 4.2 kg/m2. In-
sulin sensitivity (Si), acute insulin response to glucose (AIRg) and disposition 
index (DI) were assessed by frequent sampling insulin modified intravenous 
glucose tolerance test (FSIVGTT) and MINMOD Millenium software. The 
HOMA-calculator version 2.2 was used to calculate HOMA IR and HOMA 
β. Non-parametric Kruskall-Wallis test was used to compare groups and cor-
relations were calculated using Spearman’s rank method. Data are presented 
as median (inter quartile range).
Results: The median 25-OHvitD3 concentration was 51.3 (32.7) nmol/L, and 
only 91 (20.4%) had a serum level of 25-OHvitD3 considered to be sufficient 
(≥75 nmol/L). 25-OHvitD3 levels were significantly negatively associated 
with BMI (r=-0.23, p<0.001) and parameters of insulin secretion (HOMA 
β) and insulin resistance (HOMA IR) estimated from fasting levels of insu-
lin and glucose (r=-0.15, p=0.001 and r=-0.14, p=0.003, respectively). The 
IVGTT derived parameters Si and DI did not correlate with 25-OHvitD3 sta-
tus (r=0.06, p=0.21 and r=-0.059, p=0.24).

Median (IQR) levels of BMI and parameters of insulin action and secretion 
across tertiles of vit D
25-OH-vit D3 (nmol/L) < 41.9 42-63.1 > 63.1 Kruskal-

Wallis p
n 149 149 148
BMI (kg/m²) 33.1 (5.2) 32.4 (4.9) 31.1 (6.4) < 0.001
Si 2.4 (2.0) 2.5 (1.7) 2.7 (1.9) 0.23
AIR 319 (377) 276 (258) 255 (360) 0.33
DI 762 (861) 697 (996) 725 (883) 0.40
HOMA β (%) 89.5 (48) 83.7 (38) 78.7 (43) 0.02
HOMA IR 1.5 (1.1) 1.4 (0.9) 1.3 (1.0) 0.02

Conclusion: Although associations between serum levels of 25-OHvitD3 and 
insulin secretion and action were found when assessed by HOMA-methods, 
we were not able to confirm these relationships when we used FSIVGTT in a 
large sample of subjects with MetS.
Supported by: Lipgene EU (FOOD-CT-2003-505944); the Norwegian Foun-
dation for Health and Rehabilitation; South-Eastern Norway Regional Health 
Authority
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Effects of the dietary omega-3 polyunsaturated fatty acids on 
atherosclerosis progression and cardio-metabolic parameters in 
metabolic syndrome patients
A.D. Dragomir1,2, G. Radulian1,2, E. Rusu1,2, S. Dragan3, D.M. Cheta2; 
1Healthy Food Foundation, Bucharest, 2”Carol Davila” University of 
Medicine, Bucharest, 3”Victor Babes” University of Medicine, Timisoara, 
Romania.

Background and aims: To test the functional effects of a diet containing 
omega-3 PUFA supplements vs. baseline diet recommended to patients with 
metabolic syndrome.
Materials and methods: A total of 156 patients with metabolic syndrome 
(MS) according to IDF criteria, aged 61±5.4 years, without clinical evidence 
of atherosclerosis were allocated to 2 groups, matched by sex and age: group 
A (76 patients) - diet according to ESC/EASD recommendations and indi-
vidual needs; group B (80 patients) - the same diet + capsules of fish oil (1,0 
g eicosapentanoic acid, 1,0 g docosahexanoic acid and 0,1 g α-tocopherol 
acetate). Body fat mass (BFM) and body fat percent (%BF) were measured 
by bioimpedance analysis (BIA) using InBody 3.0 Analyzer. Fasting plasma 
glucose, HbA1c, total cholesterol, LDL cholesterol, HDL cholesterol, triglyc-
erides, plasma insulin, adiponectin and leptin were measured according to 
standard procedures. Insulin resistance was measured using HOMA-IR in-
dex. Oxidative stress was assessed using FormOx systems monitor on a blood 
drop. The progression of atherosclerosis was determined by measuring in-
tima-media thickness (IMT) at commune carotid artery (ACC). The duration 
of the study was 6 months.
Results: Baseline characteristics were similar between groups. After 6 
months, omega-3 supplements determined a significant improvement of 
metabolic parameters, decrease of oxidative stress (Table 1) and a statistically 
significant increase in adiponectin levels (from 9.46 ± 2.76 to 10.86 ± 2.68). 
Mean BMI, mean %BF, mean BFM and mean waist-to-hip ratio (WHR) were 
significantly lower in group B vs. group A (BMI- 31.12 kg/m2 vs 29.1; %BF - 
30.48 vs 27.48; BFM - 29.42 kg vs 26.78; WHR - 1.07 vs 1.02). BMI was statis-
tically correlated with BFM (p<0.0001) and %BF (p<0.0001). Intima-media 
thickness was significantly decreased in group B (IMT in left ACC - 0.610 ± 
0.06 vs. 0.621 ± 0.071 mm p=0.002; IMT in right ACC - 0.593 ± 0.074 vs. 0. 
612 ± 0.068) and was correlated with %BF (p<0.001), WHR (p=0.016), leptin 
values (p<0.001), adiponectin values (p<0.05) and leptin/adiponectin ratio 
(p<0.001).
Conclusion: Omega-3 PUFA enriched diets bring metabolic parameters 
closer to target values, thus lowering cardiovascular risk of MS patients. Also, 
IMT values and oxidative stress are decreased, underlying the role of omega-3 
in the delay of atherosclerosis progression and endothelial cells damage.

Table 1
Parameters Group A  

- diet
Group B - diet + 
omega-3

P value

Total cholesterol (mg/dl) 213 ± 20.5 198 ± 18.0 P<0.002
HDL-cholesterol (mg/dl) 46 ± 14 55 ± 12 P<0.05
Triglycerides (mg/dl) 143 ± 71 132 ± 58 P=0.002
HOMA-IR 4.62 ± 3.2 4.57 ± 2.4 P=0.016
Fasting Plasma Glucose (mg/dl) 121 ± 18 110 ± 14 P<0.0001
FormOx
(Fort units)

319 ± 94 268 ± 76 P<0.0001

Supported by: PNCDI2 program DIADIPOHEP 41008/2007 and CEEX ANTI-
ATEROALIM 44/2006
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Does a low-fat vegetarian diet improve insulin resistance and beta cell 
function in individuals with type 2 diabetes?
H. Kahleova, T. Neskudla, T. Pelikanova; 
Diabetes Center, Institute of Clinical and Experimental Medicine, Prague, 
Czech Republic.

Background and aims: Diabetes prevalence is relatively low among indi-
viduals consuming plant-based and vegetarian diets, and clinical trials using 
such diets have shown greater effect on weight loss, greater reduction of LDL 
cholesterol, HbA1c and diabetes medication than conventional diabetic diet. 
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The aim of our study was to evaluate the effect of low-fat vegetarian diet com-
pared to conventional diabetic diet with similar caloric restriction on insulin 
resistance, β-cell function, body weight and resting energy expenditure in 
individuals with type 2 diabetes after a 3-month-diet-intervention.
Materials and methods: Open, parallel randomized study. 70 individuals 
with type 2 diabetes were randomly assigned to either experimental group 
(EG) following a low-fat vegetarian diet or the control group (CG) following 
conventional diabetic diet with similar caloric restriction (-500 kcal/day). We 
measured all common anthropometric and laboratory parameters; glucose 
tolerance and insulin secretion was evaluated after standard meal stimula-
tion; we assessed insulin resistance by a 3-hour hyperinsulinemic isoglycemic 
clamp; resting energy expenditure was measured by indirect calorimetry. All 
the procedures were done at start (0) and after 12 weeks.
Results: Average weight loss was greater in the EG than in the CG (6.41±4.23 
vs. 3.47±4.07 kg; p<0.01). Diabetes medication was reduced according to the 
study protocol in 15 subjects from the EG (42.86%) vs. in 2 subjects from the 
CG (6.45%). We noticed an increase in post-load plasma C-peptide concen-
trations in the EG (p<0.05), whereas changes in stimulated C-peptide in the 
CG were not significant. We observed a trend to a greater reduction of plasma 
HbA1c, cholesterol, free fatty acids and both fasting and post-load glucose 
in the EG, but the differences were not statistically significant. Insulin re-
sistance decreased (p<0.01) similarly in both groups. Respiration coefficient 
decreased (p<0.01) and fasting fat oxidation increased (p<0.01) similarly in 
both groups.
Conclusion: Our results indicate that low-fat vegetarian diet leads more ef-
fectively to reduction of diabetes medication and improvement of β-cell func-
tion than the conventional diabetic diet and it could be a more convenient 
alternative in treatment of type 2 diabetes.
Supported by: grant MZO 00023001
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Association between regularity and frequency of meals and metabolic 
parameters in type 2 diabetic patients
S. Kim1, S. Hong1, M. Nam1, Y. Kim1, J. Woo2, Y. Kim2, S. Baik3, Y. Park4, 
G.-W. Lee5; 
1Internal Medicine, Inha University College of Medicine, Incheon, 2Internal 
Medicine, Kyung Hee University School of Medicine, Seoul, 3Internal 
Medicine, Korea University College of Medicine, Seoul, 4Internal Medicine, 
Hanyang University College of Medicine, Kuri, 5Internal Medicine, Ajou 
University School of Medicine, Suwon, Republic of Korea.

Background and aims: Medical Nutritional therapy is a key component for 
preventing diabetes, managing existing diabetes, and preventing the devel-
opment of diabetic complications. The aim of this study was to assess the 
association between dietary habits and metabolic parameters in Korean type 
2 diabetic patients who live in a different culture and have different dietary 
habits and patterns from those of western countries.
Materials and methods: 1,251 diabetic patients from the Korean National 
Diabetes Program (KNDP) cohort who completed a dietary habit question-
naire and clinical evaluation from March, 2006 to November, 2007 were in-
cluded in this study. Dietary intake was assessed using a 24 hour dietary recall 
method and anthropometric data and biochemical data were collected.
Results: The mean age of the patients were 54.0±10.1 years, duration of 
diabetes 5.0±5.9 years, body mass index 25.1±3.1 kg/m2, HbA1c 7.2±1.2%. 
56.3% of the patients were male and 6.5% of the patients were on insulin 
therapy. 87% of the patients had meals 3times per day and 13% of the pa-
tients had meals 1 or 2 times per day. Patients who had meals 3 times per day 
were older (54.6±9.8 vs 50.5±10.9kg, p<0.001), had a lower BMI (25.0±3.0 vs 
26.0±3.4 kg/m2, p<0.001) and higher intake of fibers (26.4±10.0 vs 23.6±9.7 
g/day, p=0.001) and higher intake of calories (1764.8±454.4 vs 1647.7±588.8 
kcal/day, p=0.015) compared with those who had meals 1 or 2 times per day. 
Three times per day frequency of meals was associated with lower BMI af-
ter adjustment for age and sex (p<0.001). Assessing the regularity of time 
of meals, 63% of the patients kept a meal schedule that was regular most of 
the time (≥5days per week) and 37% of the patients had a more irregular 
meal schedule (regular time of meals < 5 times per week). Patients who’s meal 
schedule was regular most of the time were older (55.2±9.9 vs 51.98±10.0 
years, p<0.001), had a lower BMI (24.8±2.9 vs 25.6±3.3 kg/m2, p<0.001), a 
lower waist circumference (87.2±7.8 vs 88.3±8.4 cm, p=0.02), and a lower 
fasting glucose level (134.5±36.8 vs 139.4±41.4 mg/dl) compared with those 
who’s meal time was more irregular (regular time of meal <5times per week). 
Regularity of meal time schedule was associated with lower BMI (p<0.001) 
but not lower fasting glucose (p=0.06) after adjustment for age and sex.

Conclusion: Meal frequency of 3 times per day and more regular meal sched-
ules was associated with decreased BMI but not glycemic control. Dietary 
habits seem to be an important factor for maintaining lower body weight in 
type 2 diabetic patients.
Supported by: Grant of Korean Health 21 R&D Project, Ministry of Health & 
Welfare, Republic of Korea
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Satiating effects of milk but not sugar- or artificial-sweetened soft drinks 
and water
M.M. Nielsen1, A. Belza2, B.E. Larsen1, S.B. Pedersen1, A. Astrup2,  
B. Richelsen1; 
1Department of Internal Medicine/Endocrinology C, Aarhus Hospital, 
2Faculty of life sciences, Copenhagen, Denmark.

Background and aims: Energy intakes from drinks may not be compensated 
for by proper satiety sensation. Consequently weight gain, obesity and type 2 
diabetes may occur as a result of the excessive energy consumed. We aim to 
provide evidence linking drinks to insufficient satiety and excessive energy 
intake as well as elucidating the mechanisms underlying this association, as 
far as they can be explained by variations in concentrations of the appetite-
regulating hormones Ghrelin, PYY, GIP and PP.
Materials and methods: The present study is a cross-over, intervention clini-
cal trial including 24 overweight (BMI: 31.4 +/- 2.9kg/m2) subjects (12men 
and 12woman). Baseline blood-samples were collected after an overnight fast 
and a 500ml drink (sugar-sweetened beverage (250 kcal/1 MJ ), aspartam-
sweetened beverage, semi-skimmed milk (240 kcal/0.9 MJ) or water) was 
served. Blood-samples and satiety score using a visual analogue scales (VAS) 
were collected and filled in every 30 minutes. After four hours an ad libitum 
meal was served and the energy intake calculated.
Results: Compared to water milk causes 94% higher satiety VAS score (dAUC 
= 64.8mm (95% CI: 15.0;114.6), P= 0.008) and 122% higher fullness VAS 
score (dAUC = 62.2mm (95% CI:10.9;113.5), P= 0.04) whereas the effects 
of a sugar-sweetened drink were no different than water. Ghrelin concentra-
tion is significant lower after consumption of milk than after consumption 
of water (0.76fmol/ml (95% CI:0.61;0.95), P=0.008), and there is a tendency 
(not significant) towards ghrelin concentration being less decreased by the 
soft drinks preloads compared to milk (artificial-sweetened: P=0.2, sugar-
sweetened: P=0.9). However between the four preload drinks there were no 
significant differences in energy intake. Although the ad libitum energy in-
take was 4654±383 kJ after milk and 4924 ±481 kJ after the sugar-sweetened 
beverage.
Conclusion: So far our study supports the notion that milk is more satiating 
than equicaloric sugar-sweetened soft drink, aspartam-sweetened soft drink 
and water. The association between milk and increased satiety is reflected 
in subjective appetite sensation. However no differences in energy intakes 
between the four preloads support the notion that energy in drinks may cause 
higher total energy intake.
Supported by: Danish Food Industry Agency
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Changes of plasma free amino acids in type 2 diabetes
T. Chen1, X. Zhang2, Y. Long2, X. Ran1, Y. Ren1, H. Tian1,2; 
1Endocrinology and Metabolism, 2Laboratory of Endocrinology and 
Metabolism, West China Hospital, Sichuan University, Chengdu, China.

Background and aims: Dietary components are strongly associated with 
type 2 diabetes. High fat diet and high carbohydrate diet have been intensive-
ly investigated, and been found to contribute to the high prevalence of type 
2 diabetes. Another major diet component, proteins, has drawn more and 
more attention recently. Some studies indicated that high protein diet (HPD), 
especially high meat protein intake, may also contribute the increased risk of 
type 2 diabetes, while many other studies didn’t discover any positive asso-
ciation. On the other hand, old and new evidence indicated that plasma free 
amino acids (AA) are associated with both plasma insulin level and insulin 
sensitivity. To understand what happened to plasma free AAs in type 2 dia-
betic patients may give some interesting clues to the discrepancy among high 
protein diet or AAs studies. Given the fact that the data about the profile of 
plasma free AAs in type 2 diabetic and normal individuals was very limited, 
the primary aim of this study was to investigate the alterations of plasma free 
AAs in type 2 diabetic patients so as to provide some valuable information for 
further clinical high protein diet and AAs researches.
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Materials and methods: Our study was a cross-sectional case-control study. 
Both T2DM patients and non-diabetic controls were from a part of an ongo-
ing cross-section survey in China, designed to investigate the prevalence of 
type 2 diabetes and metabolic syndrome among Chinese populations. These 
participants were of Yi population, an old minor nationality in China. A to-
tal of 132 type 2 diabetic patient and 137 age, sex, cigarette and alcohol use 
matched controls were included in this study. All of them had no history of 
severe disease such as pulmonary, heart, liver and kidney diseases, and they 
were included before AAs measurement. Dichotomous data were described 
as percent (%). Continual data with normal distribution or near normal dis-
tribution was described as mean ±S.D., others were described as median and 
quartiles and logarithm transformed before statistical analysis. Categorical 
variables were compared by chi square tests. Continuous variables were eval-
uated by Student’s t tests. Correlations between analyzed by Pearson test. All 
reported P values were two tailed, and those α<0.05 were considered statisti-
cally significant
Results: 1. Levels of total plasma free amino acids (TAA), essential amino 
acids(EAA) and branched chain amino acids (BCAA) in type 2 diabetic 
patients were higher than those in controls (P=0.000 for all). Non-essential 
amino acids (NEAA)’ level was also high in type 2 diabetic patients but with 
marginal significant difference (P=0.044). Statistic results of individual AAs 
showed that plasma alanine, valine, leucine, isoleucine, phenylalanine, tyro-
sine, methionine, glutamate and lysine were higher in type 2 diabetes than 
in control (P<0.01 for all) , while plasma glycine, glutamine were lower in 
type 2 diabetes than in control (P=0.003 and P=0.034 respectively) 2. TAA, 
especially EAA and BCAA, and individual AAs, alanine, valine, leucine, iso-
leucine and glutamate were positively associated with BMI, waist, GGT, ALT, 
while, glutamine was negatively related to GGT, and glycine negatively re-
lated to ferritin.
Conclusion: There were significant differences in plasma amino acids be-
tween type 2 diabetic patients and controls. Some AAs, especially BCAA 
and glutamate were correlated with identified type 2 diabetes risk factors. 
Whether abnormal metabolism of AAs contributed to increased risk of type 
2 diabetes is very necessary to be further investigated by prospective studies.
Supported by: National 973 Project of China
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Diet induced 2-year weight loss initiates a cluster of inter-correlated 
changes in lipids, inflammation and insulin resistance, more profound 
among diabetics than in non-diabetics; results from the DIRECT study
R. Golan1, A. Rudich1, Y. Henkin2, D. Schwarzfuchs3, I. Harman-Baham2,  
A. Tirosh4, O. Tangi1, J. Thiery5, G. Fiedler5, M. Blüher6, M. Stumvoll6,  
I. Shai1; 
1Ben Gurion University, Beer Sheva, Israel, 2Soroka University Medical 
Center, Beer Sheva, Israel, 3Nuclear Research Center, Dimona, Israel, 4Sheba 
Medical Center, Department of Internal Medicine, Tel-Hashomer, Israel, 
5Institute of Laboratory Medicine, University Hospital, Leipzig, Germany, 
6University of Leipzig, Germany.

Background: Data regarding inter-correlations of changes of biomarkers in-
duced by long term dietary interventions and the differential effect among 
patients with type 2 diabetes (T2D) and non diabetics is sparse.
Methods: 322 Participants of the Dietary Intervention Randomized Control-
led Trial (DIRECT) were randomly assigned to one of three dietary strategies 
over 2 years. We compared the intra- correlations of changes in lipids, mark-
ers of inflammation, liver function tests, glycemic control and TSH during 
the 2 year weight loss trial among non-diabetic controls (n=277) and patients 
with T2D ( n=45).
Results: Mean weight change was -3.49 kg among patients with T2D and 
-4.10kg among non-diabetics (p=0.50). In absolute values, the improvement 
in HDL-c was higher among diabetics that among non-diabetics (+9.41 vs. + 
6.57mg/dL, p<0.05). Correlations adjusted for Age, sex and 2-year change in 
BMI revealed than beyond the common inter-correlations found between bi-
omarkers in both groups [such as significant correlations between the 2 year 
decrease in triglycerides and the 2 year increase in both LDL-c, HDL-c and 
Lp(a) levels (p<0.05 for all)], we found specific correlations among the T2D 
patients only: A 2-year decrease in fasting glucose was significantly associated 
with a decrease in LDL-c, Apo(B), and alanine transaminase (p<0.05 for all). 
Among T2D patients only, a decrease in triglyceride levels was significantly 
associated with a decrease in fasting insulin, Apo(B), alanine transaminase, 
and alkaline phosphatase (p<0.05 for all). Surprisingly, a decrease in Lp(a) 
levels was significantly correlated with an increase of hs-CRP, leptin and 
alanine transaminase (p<0.05 for all). However, a 2-year decrease in waist cir-
cumference was positively associated with a decrease in TSH levels (p<0.05).

Conclusion: A cluster of biomarkers change during 2-years of a weight-loss 
dietary intervention, which are more inter-correlated among patients with 
T2D diabetes as compared to non-diabetic obese controls, underscoring the 
ability to particularly improve insulin resistance, inflammation and lipids by 
dietary intervention in this population.

Supported by: NRCN, Atkins research foundation, S Daniel Abraham Interna-
tional center for health and Nutrition, Ben-Gurion University
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Food composition database harmonization for between-country 
comparisons of dietary data in the TEDDY Study
U. Uusitalo1, C. Kronberg-Kippilä2, C.A. Aronsson3, M.-L. Ovaskainen2,  
I. Mattisson4, S. Schakel5, W. Sichert-Hellert6, S. Schoen6, M. Stevens5,  
H. Reinivuo2, J.M. Norris7, S.M. Virtanen2,8, for the TEDDY Study Group; 
1University of South Florida College of Medicine, Tampa, United States, 
2National Institute for Health and Welfare, Helsinki, Finland, 3Lund 
University, Malmo, Sweden, 4National Food Administration, Uppsala, 
Sweden, 5University of Minnesota, Minneapolis, United States, 6Research 
Institute of Child Nutrition, Dortmund, Germany, 7University of Colorado, 
Denver, United States, 8University of Tampere, Finland.

Background and aims: Between-country comparison of diet sets special re-
quirements and challenges on national food composition databases (FCDBs) 
used for analyses. The aim of this study was to evaluate the comparability of 
FCDBs used in Finland, Germany, Sweden, and the U.S. - countries partici-
pating in The Environmental Determinants of Diabetes in the Young Study 
(TEDDY).
Materials and methods: TEDDY is a prospective multi-center, multi-na-
tional study, in which approximately 8000 children with increased genetic 
susceptibility to type 1 diabetes will be followed across six study centers in 
Europe and the U.S. The participants are monitored for islet autoantibodies 
and diabetes until the age of 15 years. The study aims at examining the asso-
ciations between islet autoimmunity and various environmental exposures, 
e.g. diet. The first dietary assessment is carried out by 24-hr recall at the age 
of 3 months and after that by 3-day food record every 3 months until the child 
is 12 months old and then every six months. In order to produce compara-
ble results the national FCDBs have to contain mutually comparable food 
composition data. Systematic comparison (definition, unit of measurement, 
method of analysis) of energy, protein, fats, carbohydrates, cholesterol, fiber, 
12 vitamins and 8 minerals was carried out among the FCDBs.
Results: The original version of the nutrient calculation program used with 
German FCDB (LEBTAB) did not take yield and retention factors into ac-
count in data processing. They will be added to the LEBTAB food compo-
sition database as part of the harmonization efforts. Nitrogen values were 
added to the Swedish and U.S. databases. Total fat, cholesterol, vitamin A 
(retinol equivalents and beta-carotene), thiamin, riboflavin, niacin, pyri-
doxine, vitamin B12, calcium, phosphorus, iron, potassium, magnesium, 
and zinc are comparable between the databases. Carbohydrates, sugars, fatty 
acids, vitamin D, vitamin K, vitamin C, pantothenic acid, manganese, cop-
per, and fiber are comparable or can be converted comparable only across 
three databases. Vitamin E is comparable after Finland and Germany have 
subtracted tocotrienols from their values. After recalculation of protein from 
nitrogen (Sweden and USA), and recalculation of energy these values will be 
comparable across the countries. Starch and folate are not comparable.
Conclusion: According to this comprehensive review, most of the nutrients 
are comparable or can be converted to be comparable among the four FCD-
Bs.
Supported by: NIDDK, NIAID, NICHD, NIEHS, JDRF, CDC
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Effects of protein on gastric emptying and the glycaemic, insulin and 
gastrointestinal hormone responses to a carbohydrate meal in type 2 
diabetes
J. Ma1,2, J.E. Stevens1,2, K. Cukier3, A.F. Maddox1,2, J.M. Wishart1,2,  
J. Bowen4,2, K.L. Jones1,2, M. Horowitz1,2, P.M. Clifton4,2, C.K. Rayner1,2; 
1Discipline of Medicine, Royal Adelaide Hospital, The University of 
Adelaide, 2Centre of Clinical Research Excellence in Nutritional Physiology, 
Interventions and Outcomes, The University of Adelaide, 3Endocrine & 
Metabolic Unit, Royal Adelaide Hospital, 4Human Nutrition, Commonwealth 
Scientific and Industrial Research Organisation, Adelaide, Australia.

Background and aims: Strategies that slow gastric emptying and stimulate incre-
tin hormones can potentially attenuate postprandial glycaemic excursions. We 
evaluated whether a whey protein “preload” could slow emptying of a subsequent 
meal, stimulate glucagon-like peptide-1 (GLP-1), glucose-dependent insulino-
tropic polypeptide (GIP) and insulin release, and thereby reduce blood glucose.
Materials and methods: 8 diet-controlled type 2 diabetic patients were stud-
ied on three days each in random order. On each day, subjects ingested beef 
flavoured soup 30 min before a mashed potato meal; either 55 g whey protein 
was added to the soup (“whey preload”), or to the potato (“whey in meal”), or 
no whey was given (“no whey”). Data were given as mean ± SEM.
Results: Gastric emptying was slowest after “whey preload” (half emptying 
time: 87.3 ± 5.4 min), and slower after “whey in meal” (53.0 ± 8.3 min) than 
“no whey” (39.0 ± 6.2 min; P < 0.0005). The incremental area under the blood 
glucose curve was substantially less after “whey preload” (363.7 ± 64.5 mmol.
min/l, P < 0.005) and “whey in meal” (406.3 ± 85.9 mmol.min/l, P < 0.005) 
than “no whey” (734.9 ± 98.9 mmol.min/l), and the peak glucose level was 
lower after “whey preload” (11.3 ± 0.5 mmol/l) and “whey in meal” (11.7 ± 
0.6 mmol/l) than “no whey” (14.3 ± 0.5 mmol/l; P = 0.0001). Cholecystokinin, 
GIP and insulin concentrations were higher on both whey days than after “no 
whey”, whereas GLP-1 was greatest after “whey preload” (P < 0.05 for each).
Conclusion: Whey protein consumed before a carbohydrate meal in type 2 diabe-
tes stimulates insulin and incretin hormone secretion, and slows gastric emptying, 
leading to a marked attenuation of the postprandial glycaemic response. This ob-
servation has substantial implications for dietary management of type 2 diabetes.

Supported by: the NHMRC of Australia
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Impact of a brief lifestyle advice intervention on physical activity
H.C. Price1, S.J. Griffin2, R.R. Holman1; 
1Diabetes Trials Unit, University of Oxford, 2MRC Epidemiology Unit, 
Cambridge, United Kingdom.

Background and aims: To determine if a brief lifestyle advice intervention 
could increase physical activity in adults at increased risk of cardiovascular 
disease (CVD).
A lack of regular physical activity may contribute to the early onset and pro-
gression of CVD. Moderate and high levels of physical activity are associated 
with a 2-21% reduction in CVD and all-cause mortality.
Materials and methods: Participants were randomised in a 2x2 factorial de-
sign to receive or not receive a personalised 10-year CVD risk estimate and, 
simultaneously randomised to receive or not receive a brief lifestyle advice 
intervention. We report here the brief lifestyle advice intervention arm. The 
primary outcome was the change in physical activity measured by an acceler-
ometer, with 80% power at the 5% level of significance to detect a difference 
of 30,000 total accelerometer counts per day between groups (approximately 
equivalent to 10 minutes of brisk walking). A total of 215 individuals with-
out known CVD but at increased CVD risk (defined as a Framingham-de-
rived 10-year CVD risk >20%) were recruited from 4 general practices in 
Oxfordshire, UK. Of 194 eligible participants, 98 were randomised to receive 
a brief lifestyle intervention informed by self-regulation theory and aimed at 
motivating behaviours designed to reduce CVD risk. The other 98 received 
no intervention. The brief lifestyle intervention involved the setting of goals 
and steering behaviour towards them. It took the form of a 15 minute com-
puterised presentation focusing on increasing physical activity and fruit and 
vegetable consumption and smoking cessation (if necessary). The physical 
activity goal was 30 minutes of brisk walking per day. Accelerometer, anthro-
pometric and biochemical information was collected before and one month 
after randomisation.
Results: Participants had median (IQR) age 62.3 (54.9, 66.1) years, with 67% 
men, 19% having known diabetes and 19% current smokers. At baseline, mean 
(SD) accelerometer counts per day (x1000) were 297 (110), blood pressure 
140/81 (18/11) mmHg, LDL cholesterol 3.1 (0.9) mmol/L, HDL cholesterol 
1.23 mmol/L (0.29) in men and 1.53 mmol/L (0.37) in women and plasma vi-
tamin C 61.8 (21.2) μmol/L. Triglycerides were median (IQR) 1.4 mmol/L (1.0, 
1.9), body mass index 28 kg/m2 (26, 31), serum cotinine in smokers 50 (49, 62) 
ng/ml and estimated 10-year CVD risk 48% (34, 60) in men and 31% (22, 43) 
in women. Baseline accelerometer counts were higher than expected equating 
to 77% achieving 30 minutes or more of moderate intensity activity per day. 
In the 185 (95%) participants attending follow-up, no significant within or be-
tween group differences were seen in accelerometer counts, body mass index, 
blood pressure, LDL or HDL cholesterol, plasma vitamin C or estimated 10-
year CVD risk. In the group randomised to receive the brief lifestyle advice in-
tervention, compared to control, there was a reduction in waist circumference 
in men (2.6%, p=0.006) but not in women, 10.2% reduction in triglycerides 
(p=0.02) and 7.9% reduction in serum cotinine in smokers (p=0.028).
Conclusion: A brief lifestyle advice intervention in adults at increased CVD 
risk did not alter physical activity but achieved small improvements in some 
CVD risk factor levels. The lack of physical activity response may reflect the 
large number of participants already at target at entry. Our findings suggest 
that a theory-based brief lifestyle advice intervention alone is insufficient to 
increase physical activity.

825
Implementation and effectiveness of the first community lifestyle 
intervention program to prevent type 2 diabetes in Greece. The DEPLAN 
Study 
K. Makrilakis, S. Liatis, S. Grammatikou, D. Perrea, N. Katsilambros; 
First Department of Propaedeutic Medicine, Athens University Medical 
School, Greece.

Background and aims: To report the experience and the initial results of 
implementing the first community-based lifestyle intervention program to 
prevent Type 2 diabetes mellitus (T2DM) in a sample of the general popula-
tion in Athens, Greece
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Materials and methods: The FINDRISC questionnaire was distributed to a 
total of 3,240 people in the city and the suburbs of Athens in order to detect 
high-risk individuals for the development of T2DM. A total of 191 persons 
entered the intervention program (bi-monthly sessions with a dietician) and 
125 of them returned for a repeat oral glucose tolerance test (oGTT) one 
year later.
Results: Participants lost on average 1.0±4.7 kg (1.1% of initial body weight, 
p=0.022). Higher adherence to the intervention sessions resulted in greater 
weight loss. Persons with impaired fasting glucose (IFG) and/or impaired 
glucose tolerance (IGT) at baseline lost more weight than the normal glucose 
tolerance (NGT) ones (1.5±4.8 vs. -0.02±4.5 kg). The percentage of people 
with any type of glucose abnormality (IFG/IGT) decreased with the inter-
vention (68% at baseline vs. 53.6% one year later, p=0.009). A total of 5.6% 
developed DM (2.5% of NGT, 7.1% of IFG/IGT participants). Multivariate lo-
gistic regression analysis revealed that the probability of deterioration of the 
glycemic status was associated only with the amount of weight lost (inversely) 
during the intervention (β=-0.11, OR=0.89, p=0.045).
Conclusion: The implementation of a lifestyle intervention program to pre-
vent T2DM in the community is practical and feasible.
Supported by: European Communities, Directorate C - Public Health, grant 
agreement No. 2004310
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One risk questionnaire to identify persons at risk for cardiovascular 
disease and type 2 diabetes - the Hoorn Study
M. Alssema1, G. Nijpels1, C.D.A. Stehouwer2, J.M. Dekker1; 
1EMGO Institute for Health and Care Research, VU University Medical 
Center, Amsterdam, 2Department of Internal Medicine, Academic Medical 
Center Maastricht, Netherlands.

Background and aims: The common aim of risk prediction of cardiovas-
cular disease (CVD) and type 2 diabetes (T2DM) is identification of high-
risk groups that would benefit from early treatment. Since the strategy for 
prevention of these so-called cardio-metabolic diseases largely overlaps, we 
investigated whether it was possible to develop one tool that predicts risk for 
both CVD and T2DM.
Methods: The study population consisted of 1258 participants, aged 50-75 
years, from the Hoorn Study who were free of prevalent CVD or known 
T2DM at baseline (1989). All participants had an oral glucose tolerance test at 
the follow-up examination in 1996, and complete follow-up information on 
CVD morbidity and mortality until 1996. The outcome to be predicted was a 
composite end-point of CVD morbidity and mortality (ICD-codes 390-459), 
sudden death (ICD-code 798) or T2DM, as measured by an oral glucose tol-
erance test. Logistic regression analysis with backward selection of predictors 
(demographics, medical history, dietary and lifestyle habits) was used to de-
velop the model. Discriminative value of the models was assessed by the area 
under the receiver operating characteristic curve. Model validation was done 
in a subsample of the study population with follow-up duration until 2000.
Results: During a follow-up period of 6.4 (0.5) years, 375 (29.8%) out of 1258 
persons developed the composite end-point. For the risk questionnaire, age, 
sex, waist circumference, use of anti-hypertensive medication, history of ges-
tational diabetes, parent or sibling with T2DM, shortness of breath during 
walking, current smoking and parent or sibling with myocardial infarction or 
stroke were selected as predictors. Discriminative value of the risk question-
naire was 0.74 for the composite end-point. The separate outcome measures 
were equally well predicted (discriminative value was 0.70, 0.76 and 0.74 for 
CVD morbidity, CVD mortality and T2DM, respectively). Nearly similar dis-
criminative values were found in the validation dataset, so internal validation 
was good. In the development dataset, a cut-off value at the optimum sen-
sitivity and specificity captured 71% of the incident cases (sensitivity). Fur-
thermore, 68% of the persons who did not develop the outcome were indeed 
in the low-risk category (specificity). According to the questionnaire, 44% of 
this elderly population had a high risk. Persons in this high-risk group had 
a risk of 47% to develop CVD and/or T2DM within 6 years (positive predic-
tive value).
Conclusion: Risk of cardiovascular disease and type 2 diabetes can be pre-
dicted by one single risk questionnaire to identify individuals at high risk, 
which is useful for public health purposes.
Supported by: the Dutch Diabetes Research Foundation

827
Leicestershire self assessment score for impaired glucose regulation for 
use in a multi ethnic setting
L.J. Gray1, M.J. Davies2, N. Taub1, S. Hiles3, K. Khunti1; 
1Dept of Health Sciences, 2Dept of Cardiovascular Sciences, 3Dept Diabetes 
Research, University of Leicester, United Kingdom.

Background and aims: One in five of those screened in the ADDITION-
Leicester population based screening study had some form of Impaired 
Glucose Regulation (T2DM or impaired fasting glucose (IFG) or impaired 
glucose tolerance (IGT)) (IGR). Modelling studies have shown that early de-
tection of IGR and appropriate intervention can decrease morbidity and early 
mortality from cardiovascular disease. Self assessment scores identify those 
at high risk and are particularly useful in populations where response rates to 
screening programmes are low. To date no self assessment scores have been 
developed and validated for multi ethnic populations.
Materials and methods: We used data on 6,390 subjects aged 40-75 from the 
ADDITION-Leicester screening study from a multi ethnic UK setting (76% 
White European, 22% South Asian, 3% other). All participants were given a 
75g Oral Glucose Tolerance Test. We developed logistic regression models 
for predicting IGR (IFG/IGT/T2DM) using data from self reported question-
naires. Using the best fitting model we developed the Leicester Self Assess-
ment Score. Initial analysis was carried out using complete cases only, then 
missing data indicators were used as a check for robustness of the modelling. 
We externally validated the tool using data from 3,298 subjects aged 40-75 
screened as part of a second screening study.
Results: The final model includes age, ethnicity (White European versus oth-
er - predominantly South Asian), sex, 1st degree family history, antihyperten-
sive therapy or history of hypertension, waist circumference and body mass 
index. The score ranges from 0 to 47. Validating this model using the STAR 
data gives an area under the ROC curve of 71% (95% CI 68% to 74%). Using 
a cut point of 16 to predict those at high risk of IGR had a sensitivity of 82%, 
specificity of 47% and correctly classified 53% of cases.
Conclusion: The Leicester Self Assessment Score can be used to reliably iden-
tify those at high risk of IGR in multi ethnic populations. The score is simple 
(7 questions) and non invasive. 
Supported by: Diabetes UK

828
Automated detection of high risk for impaired glucose regulation and 
type 2 diabetes mellitus, using primary care electronic data, in a multi-
ethnic UK community setting
N.A. Taub1, K. Khunti1, K.R. Abrams1, L.G. Gray1, S.L. Hiles2, M.J. Davies2; 
1Health Sciences, 2Cardiovascular Sciences, University of Leicester, United 
Kingdom.

Background and aims: Screening for cardiovascular risk factors is now ac-
knowledged to be a high priority, and much research continues to be car-
ried out on the most effective and efficient risk scores. To complement this 
work, it would be valuable to have an accepted and reliable risk score for type 
2 diabetes (T2DM) and impaired glucose regulation (IGR) which use only 
data routinely recorded on computerised primary care databases. Tools using 
routine data would be invaluable to determine people at high risk for further 
investigation. The aim of this study was to construct a primary care computer 
risk score for use in a multi-ethnic population with substantial (30%) south 
Asian ethnic minority.
Materials and methods: A random sample of people aged 35-70 years from 
24 general practices in Leicestershire was invited for a 75g Oral Glucose Tol-
erance Test (OGTT), as part of ongoing screening studies in Leicester, UK. 
Demographic and anthropometric characteristics were recorded using stand-
ard operating procedures. The variables we considered for inclusion were 
- age, gender, BMI, ethnicity (as the proportion of south Asians in the in-
dividual’s general practice), family history (of Type 1 or Type 2 diabetes mel-
litus, with separate terms for any first degree relatives, and for only relatives 
of second or degree or more distant), smoking status (never, ex-smoker or 
current smoker), history of high blood pressure (as indicated by prescription 
of anti-hypertensive medication), and whether the BMI had been recorded in 
the practice data base (as a possible proxy for level of deprivation). We could 
not assume that ethnicity or any socioeconomic indicator would be available 
for individuals. Logistic regression modelling was used to identify sets of var-
iables independently predictive of T2DM/IGR; interaction terms were used 



S 326 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

to assess the values of complex combinations of predictors, and fractional 
polynomial terms were used to examine potential nonlinear relationships.
Results: 6,203 individuals participated. 5,086 individuals (82%) had all rel-
evant data recorded and were included in the analysis, of these 149 (2.9%) 
were diagnosed at OGTT with screen-detected T2DM, and an additional 633 
(12.4%) were diagnosed with IGR; the age range was 35-70 years; mean age 
was 55.3 (SD 8.7), 47.2% were male and 25.7% were of south Asian ethnicity. 
The strategy of logistic modelling resulted in a risk score incorporating age, 
gender, average ethnicity in the practice, body mass index, family history of 
T2DM (any degree), and previous hypertension. Internal validation with a 
cut-point identifying the top 10% individuals by risk gave 44% sensitivity and 
80% specificity for T2DM/IGR; similar validation on an external data set gave 
sensitivity around 51% and specificity around 76%.
Conclusion: We have developed a practical low cost risk score for identifica-
tion of prevalent T2DM and IGR in primary care. This tool can be used for 
screening people at high risk for appropriate interventions.
Supported by: Diabetes UK

829
Risk and predictors of deterioration of glucose metabolism in subjects 
with and without CV complications - a prospective observational study
O. Johansen1,2, A.-P. Ofstad1, M. Sørensen1, K.G. Blaasaas3, L. Gullestad3,4, 
K.I. Birkeland5,3; 
1Medical department, Asker and Baerum Hospital, Rud, 2Boehringer-
Ingelheim, Asker, 3University of Oslo, 4Oslo University Hospital, 
Rikshospitalet, 5Oslo University Hospital, Aker, Norway.

Background and aims: Abnormal glucose metabolism is more prevalent 
among subjects with, than without cardiovascular (CV) complications. How-
ever, it is not known whether rate of glycaemic deterioration is different or 
more associated to certain parameters of inflammation or the insulin-like 
growth factor (IGF) system. In a 4-yr prospective observational study, we 
examined risk for, and rate of, glycaemic deterioration in subjects without 
diabetes mellitus (DM) with and without CV complications and explored 
its association of traditional risk factors and markers of inflammation (high 
sensitivity C reactive protein (CRP), soluble tumor necrosis factor receptor 
type I (sTNF-RI), transforming growth factor (TGF)-β1, Interleukin (IL)-10) 
and parameters in the IGF system (IGF-1, IGF binding protein (BP)-1 and 
IGFBP-3).
Materials and methods: We studied 72 subjects (31 female, 66 years, BMI 
24.6±3.6 kg/m2) with a previous CV complication (42% coronary artery-, 
28% cerebrovascular- and 30% peripheral arterial disease) and 61 (38 female, 

60 years, BMI 25.1±4.5 kg/m2) without. At both time points a 75 g oral glu-
cose tolerance test, classified according to the WHO criteria (DM, impaired 
glucose tolerance (IGT) or impaired fasting glycaemia (IFG)) was conducted. 
Inflammatory and IGF-system parameters were analysed in fasting serum 
samples.
Results: Respectively, 14 (23%) subjects without and 29 (40%) with a CV 
complication deteriorated in glycaemic status (i.e. normal to IFG/IGT/DM 
or IFG/IGT to DM) yielding DM incidence rates from normal or IFG/IGT 
respectively of 1.06 and 1.77 versus 1.67 and 5.65 cases pr 100 patient year. 
Odds ratio (OR) for glycaemic deterioration was 2.24 (95% CI 1.03 - 4.88). 
The magnitude of the OR (2.05 - 2.38) did not change when adjusted for base-
line factors (age, weight, homeostasis-insulin resistance [HOMA-IR], insulin, 
TGF-β1, CRP, sTNF-R1, IL-10, IGF-1, IGF-BP1, IGF-BP-3) or longitudinal 
parameters (degree of physical activity or daily sleep hours). Only parameters 
of the IGF system were significantly associated with glycaemic deterioration 
(table 1), which was further underscored with elevated OR and 95% CI for 
progression of highest vs lowest quartile adjusted for CV-complications for 
low levels of IGFBP-1 and elevated HOMA-IR and insulin. This was also the 
case for weight (3.95 (1.32, 11.80)), but not age (1.12 (0.35, 3.60)).
Conclusion: Subjects with CV complications have a 2-fold higher risk for 
deterioration of glucose metabolism and should receive regular assessment 
of glycaemic status. Our findings also support that low levels of IGFBP-1 may 
play a role in the deterioration of glycaemic status. These findings may have 
implications for future strategies aiming at identifying individuals at high risk 
for DM for prevention.

830
Serial measurement of fasting and postload glucose and HbA1c in 
subjects who did and did not develop diabetes during a 10-year period in 
the Hoorn Study
J.M. Dekker1, C.D.A. Stehouwer2, G. Nijpels3; 
1EMGO Institute for Health and Care Research, VU University Medical 
Center, Amsterdam, 2Internal Medicine, Maastricht University Medical 
Centre, 3VU University Medical Center, Amsterdam, Netherlands.
Background and aims: Three markers of hyperglycemia are currently used 
for diagnosis and management of diabetes: fasting glucose, postload glucose 
-2 hours after a 75 g oral glucose tolerance test, and HbA1c. It is not known 
whether any of these three markers changes earlier, or more rapidly, during 
the development of diabetes. Therefore we compared fasting and postload 
glucose levels and HbA1c in people who did and did not develop diabetes 
during a 10-year period.

Deterioriation of glucose metabolism according to basline inflammatory and IGF system parameters.

Overall cohort No progression 
(NGT,IFG, IGT at  
both timepoints)

Progression to IFG 
from NGT

Progression to IGT 
from NGT or IFG

Progression to DM 
from NGT, IFG or 
IGT

OR for progression (4th vs 1st)
OR (95% CI) Quartile 1st and 

4th cut- off
IL-10 (pg/ml) 1.4 (0.5, 2.3) 1.5 (0.3, 2.8) 0.7 (0.6, 0.8) 3.0 (-2.4, 8.4) 0.6 (0.6, 0.7) 0.92

(0.29, 2.93)
≤0.5, >0.7

sTNF-R1 (pg/ml) 875
(815, 934)

876
(793, 958)

936
(784, 1089)

882
(719, 1045)

749
(638, 860)

0.86
(0.25, 2.90)

≤689, >985

IGFBP1* (ug/ml) 49.8 (42.1, 57.5) 57.5 (46.1, 68.9) 47.7 (34.5, 61.0) 39.6 (22.9, 56.3) 20.9 (10.8, 31.0) 6.25
(1.79, 21.74)§

≤22.8, > 63.2

IGFBP3 (ug/ml) 1.6 (1.5, 1.7) 1.6 (1.5, 1.7) 1.6 (1.4, 1.8) 1.5 (1.2, 1.7) 1.6 (1.2, 1.9) 0.81
(0.27, 2.44)

≤1.3, >1.9

TGF-β1 (ng/ml) 6.6 (6.0, 7.4) 7.0 (6.0, 8.1) 6.9 (4.8, 9.0) 5.3 (3.8, 6.8) 4.7 (2.6, 6.8) 0.63
(0.20, 2.13)

≤3.7, >8.5

CRP (mg/l) 2.6 (1.9, 3.3) 2.8 (1.8, 3.7) 2.7 (0.9, 4.4) 3.0 (0.9, 5.2) 1.1 (0.6, 1.6) 0.87
(0.26, 2.88)

≤0.7, >2.9

IGF-1 (ng/ml) 72.8 (67.3, 78.4) 74.0 (66.8, 81.1) 64.5 (54.0, 74.9) 70.5 (46.4, 94.6) 84.2 (61.1, 107.3) 0.58
(0.19, 1.83)

≤52.0, >91.3

Insulin* (pmol/l) 90 (79, 102) 81 (68, 94) 87 (74, 101) 91 (60, 122) 144 (69, 219) 4.42
(1.26, 15.6)

≤60,
>101

HOMA-IR* 3.9 (3.4, 4.5) 3.5 (2.9, 4.0) 3.7 (3.1, 4.0) 4.2 (2.7, 5.6) 6.7 (3.1, 10.3) 4.36
(1.22, 15.59)

≤2.6, >4.2

Data given as mean (95% CI) or OR (95% CI)
*: p < 0.05 (ANOVA), §: 1st vs 4th quartile.
Abbreviations: NGT - normal glucose tolerance.
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Materials and methods: The Hoorn Study is a population-based cohort study 
of diabetes, which started with 2484 men and women, aged 50-75 at baseline 
in 1989. Follow-up examinations were performed in 1996-98, and in 2000, 
in all subjects with fasting glucose ≥ 6.1 mmol/l or postload glucose ≥ 7.8 
mmol/l in 1996-98 and a sample of those with normal glucose metabolism. 
In 2000, 564 subjects without diabetes at baseline participated. Diabetes was 
defined by fasting glucose ≥ 7.0, postload glucose ≥ 7.8 mmol/l, or HbA1c ≥7 
% or use or glucose lowering medication.
Results: A total of 92 subjects had developed diabetes within 10 year. The 
mean fasting and postload glucose and HbA1c levels at the 3 examinations 
according to diabetes status in 2000 are shown in the table. All three markers 
were significantly increased at all time-points in those who developed diabe-
tes, with slightly lower levels of significance for HbA1c differences. Of those 
who had diabetes in 2000, 56% already had developed diabetes as defined 
by abnormal glucose levels at the first follow-up measurement in 1996-1998, 
and only 8 % still had normal glucose fasting and postload glucose levels. In 
contrast only 3 % had an HbA1c ≥ 7 %, 6 % HbA1c ≥ 6.5 % and 49 % of those 
with diabetes in 2000 had HbA1c < 6% at the first follow-up. At the baseline 
examination in 1989, 63 % of those who developed diabetes in the next 10 
year already had impaired fasting glucose or impaired glucose tolerances, but 
only 20 % had HbA1c ≥ 6%.
Conclusion: Fasting and postload glucose levels increase more rapidly than 
HbA1c during the process of developing diabetes. This may have consequenc-
es for decisions on the preferred method in diagnostic testing for diabetes.

Mean (SD) of hyperglycemia markers in people with and without diabetes after 10 year
period: 1989 1996-1998 2000

no DM 2000 DM 2000 no DM 2000 DM 2000 no DM 2000 DM 2000
Fasting 
glucose 
(mmol/l)

5.31 (0.49) 5.87 (0.52) 5.83 (0.66) 6.92 (1.00) 5.68 (0.52) 7.34 (1.62)

Postload 
glucose 
(mmol/l)

5.15 (1.53) 7.28 (2.06) 5.95 (1.81) 9.41 (3.29) 6.57 (1.81) 11.47 (2.70)

HbA1c 
(%)

5.27 (0.45) 5.55 (0.53) 5.40 (0.47) 5.94 (0.62) 5.76 (0.41) 6.49 (0.72)

Supported by: Asker and Baerum Hospital trust

831
Prediction of rapid and slow progression from IFG or IGT to diabetes in 
a high-risk screening programme. The ADDITION study, DK.
S.S. Rasmussen1,2, T. Lauritzen3, A. Sandbaeck3, K. Borch-Johnsen2; 
1Bispebjerg Hospital, Copenhagen, 2Steno Diabetes Center, Gentofte, 
3Department of General Practice, Institute of Public Health, Aarhus, 
Denmark.

Background and aims: Only few baseline risk factors predicted progression 
to diabetes in a group identified with impaired fasting glycaemia (IFG) and 
impaired glucose tolerance (IGT) in a high-risk screening programme. The 
aim was to see whether different predictors were associated with “rapid” and 
“slow” progression to diabetes in this population.
Materials and methods: Patients aged 40-69 years in general practices re-
ceived a diabetes risk score questionnaire. Random blood glucose (RBG) 
and HbA1c were measured followed by fasting blood glucose (FBG) and 
2-hour blood glucose (2hBG) after an oral glucose tolerance test (OGTT). 
At baseline 1821 individuals were identified with IFG or IGT (WHO 2006 
definition). In 1510 individuals follow-up data are available with an OGTT 
performed after about 1 and 3 years. Conversion to diabetes within 0 to 1.5 
years was defined as “rapid” progression; conversion within 1.6 to 3.5 years 
as “slow” progression. Progression rates were calculated per 100 person-years 
using a regression model for interval censored follow-up data. Baseline pre-
dictors for progression to diabetes for “rapid” and “slow” progression were 
identified by backward elimination including: age, sex, BMI, known hyper-
tension, family history of diabetes, physical inactivity, RBG, HbA1c, FBG, 
2hBG, waist, systolic BP, total cholesterol, triacylglycerol, myocardial infarc-
tion and smoking status.
Results: There were 442 diabetes cases. For the IFG and IGT groups the pro-
gression rates in the first 1.5 years were 16.0 (95% CI: 13.1-19.0) and 23.8 
(20.7-26.9), and in the following 1.6 - 3.5 years the progression rates were 
6.1 (4.0-8.2) and 7.2 (5.2-9.3). Baseline predictors for “rapid” progression 
were in the IFG group: BMI (per kg/m2, rate ratio [RR] 1.05 [1.01-1.10]), 

physical inactivity (yes vs no, RR 1.99 [1.02-3.89]), FBG (per 0.5 mmol/l, RR 
4.33 [2.90-6.45]) and triacylglycerol (per twofold increase, RR 2.32 [1.42-
3.77]), and in the IGT group: HbA1c (per 0.5%, RR 1.35 [95% CI 1.10-1.65]), 
FBG (per 0.5 mmol/l, RR 1.69 [1.40-2.05]), and 2hBG (per 0.5 mmol/l, RR 
1.30 [1.20-1.42]). Baseline predictors for “slow” progression were in the IFG 
group: HbA1c (per 0.5 %, RR 1.58 [1.09-2.29]), FBG (per 0.5 mmol/l, RR 2.01 
[1.25-3.22]), systolic BP (per mmHg, RR 1.02 [1.00-1.03]) and total choles-
terol (per mmol/l, RR 1.42 [1.05-1.93]), and in the IGT group: sex (female 
vs male, RR 0.61 [0.40-0.93]), physical inactivity (yes vs no, RR 1.93 [1.00-
3.73]), FBG (per 0.5 mmol/l, RR 1.56 [1.26-1.96]) and 2hBG (per 0.5 mmol/l, 
RR 1.22 [1.10-1.35]).
Conclusion: The cumulative risk of diabetes in this study was high. The de-
cline in progression rates after the first year indicates that some individuals 
progress more rapidly than others. It has been suggested that prediction of 
“rapid” versus “slow” progression to diabetes would make sense with regard 
to risk assessment. In the present analyses, baseline predictors differed be-
tween “rapid” versus “slow” progression, yet high levels of blood glucose were 
significant predictors in all situations and to some extend physical inactivity. 
Prediction of progression to diabetes in high-risk individuals with IFG or 
IGT may seem meaningless with regard to risk assessment and intervention.
Supported by: Center for Evaluation and Health Technology Assessment, Na-
tional Board of Health, Research Council

832
Body mass index, physical inactivity and type 2 diabetes - are these 
associations explained by genetic selection? Results from the Swedish 
twin register
S. Carlsson1, T. Andersson1, P. Lichtenstein2, A. Ahlbom1; 
1Institute of Environmental Medicine, 2Department of Medical 
Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden.

Background and aims: Overweight and lack of physical activity are the most 
well-known environmental risk factors for type 2 diabetes. However, twin 
studies indicate that both high BMI and physical inactivity have a strong ge-
netic component. If the same genes that are associated with type 2 diabetes 
also promote high BMI and inactivity, part of these associations could be due 
to genetic factors rather than a causal relationship. The aim of this study was 
to investigate to what extent genetic factors explain the association between 
BMI, physical inactivity and type 2 diabetes using twin data.
Materials and methods: Data are based on twins born 1926-1958 of the Swed-
ish Twin Register who answered a postal questionnaire in 1973. Self-reported 
information on diabetes was collected by telephone interviews between 1998 
and 2000. We used regression models to investigate the risk of type 2 dia-
betes associated with BMI and physical inactivity among all twins, without 
taking genetic factors into account and with control for genetic factors in 
co-twin control analyses of diabetes-discordant dizygotic (DZ) (N=480) and 
monozygotic (MZ) (n=253) twin pairs.
Results: Among 25,531 twins, 844 cases of type 2 diabetes were identified at 
follow-up (3.4%). In the cohort analysis, in which twins are analyzed as in-
dependent individuals, the odds ratio (OR) of type 2 diabetes was 1.27 (95% 
CI=1.24-1.29) for 1 unit increase in BMI and 1.24 (95% CI=1.07-1.44) for 
physical inactivity (low vs. moderate or high activity). When we compared 
twins with diabetes to their healthy co-twins, the OR of diabetes in DZ twins 
was 1.20 (95%CI=1.12-1.27) per BMI unit and 1.19 (95% CI=0.86-1.65) for 
physical inactivity. Corresponding analyses in MZ twins indicated that BMI 
was associated with an increased risk of diabetes (OR=1.26, 95% CI=1.12-
1.42) but no association could be demonstrated between physical inactivity 
and type 2 diabetes (OR=0.83, 95% CI=0.51-1.36).
Conclusion: The results indicate that the association between BMI and type 2 
diabetes is not due to genetic factors and thus supports a causal link between 
BMI and type 2 diabetes. However, the weak association between physical 
inactivity and type 2 diabetes seen in MZ twins is compatible with a contribu-
tion of genetic factors to this association.
Supported by: the Swedish Scientific Counci; resources were also provided by 
FAS
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PS 68 Prediction and prevention of 
type 2 diabetes mellitus - 2
833
Predicting the effects of lifestyle or pharmacological intervention on 
progression of type 2 diabetes: evaluation of a novel mathematical model 
against results of the DPP
A. De Gaetano1,2, T. Hardy3, E. Abu-Raddad3, P. Palumbo1,  
J. Bue-Valleskey3, N. Porksen3; 
1CNR-IASI BioMatLab, UCSC, Roma, Italy, 2Axiosis Sprl, Bousval, Belgium, 
3Lilly Research Laboratories, Indianapolis, United States.

Background and aims: Mathematical models have recently been used to 
evaluate the risk of development of, and the progression of, type 2 diabetes 
over an individual’s lifetime. Models attempt to coherently integrate com-
monly accepted physiological mechanisms in order to predict the long-range 
behavior of disease processes, where long-term clinical observations may be 
lacking. A fundamental question, preliminary to the practical use of such 
models, concerns their validation against known medium-term disease pro-
gression data.
Materials and methods: We have developed a mathematical model for the 
long-term development of diabetes (the ‘DiabProg’ model). The DiabProg 
model mathematically represents phenomena such as progressive worsening 
of insulin resistance, the effects of glucose toxicity, and changes in beta-cell 
net replication/apoptosis rates. Parameter values for the model have been 
derived from a careful assessment of the literature. It is anticipated that the 
model can be used to test hypotheses about the natural history of the dis-
ease and about the effects of therapies. A valid disease and therapeutic model 
can also be used to inform clinical trial design. For example, decisions about 
study population, sample size, and treatment duration can be based on model 
simulations and predicted interactions between drug mechanisms and dis-
ease progression.
Results: In the present work, the DiabProg model has been used to simu-
late the course of glucose homeostasis and diabetes incidence in the Diabetes 
Prevention Program (DPP). A population of virtual subjects was ‘selected’ to 
resemble the DPP study population based on key entry criteria for that study. 
We then examined changes in glucodynamics over several years in subjects 
randomized to the same therapies used in the DPP (placebo, lifestyle modifi-
cation, metformin, or troglitazone). The model is shown to replicate very well 
the results of the placebo and lifestyle arms of the DPP clinical trial, in par-
ticular reproducing closely the observed cumulative incidence of diabetes at 
years 1 through 4 of study, as well as the observed overall diabetes incidence 
while in study (simulated incidence of 11.3 cases/100 person years on Pla-
cebo and 5.1 cases/100 person years with Life Style intervention vs. observed 
incidences of 11.0 and 4.8, respectively) The ability of DiabProg to predict 
changes in insulinemia, glycemia, and diabetes incidence in the troglitazone 
and metformin arms of the DPP will also be presented.
Conclusion: The results obtained so far indicate that the DiabProg model, 
a mathematical representation of the most relevant and generally accepted 
mechanisms in the pathogenesis of T2DM, is capable of predicting medically 
important diabetes progression endpoints with good fidelity, and has a good 
potential to be used for in silico clinical trial evaluation and design.
Supported by: Eli Lilly and Company

834
Early identification of type 2 diabetes in primary care medical offices in 
Austria. A multicentre randomized study
F.C. Prischl1, E. Rebhandl2, S. Zehetmayer3; 
1Dept. Nephrology, Klinikum Wels-Grieskirchen, Wels, 2Diabetes Study 
Group, Austrian Society of Family Medicine, Haslach, 3Section for Medical 
Statistics, Medical University of Vienna, Austria.

Background and aims: As in many western countries also in Austria type 2 
diabetes (DM2) is the most frequent disease to cause end stage renal disease. 
Prevalence of DM2 increases, thereby representing a serious problem that has 
to be recognized by all physicians. The early identification of patients with 
DM2 and initiation of adequate treatment may be crucial to public health 
budgets. Diabetic complications account for a high burden to both patients 
and reimbursement systems that pay for its management. Current guidelines 
recommend diagnostic tools not really feasible within the setting of a general 

practitioners office. A simple diagnostic parameter is desirable, independent 
of fasting state and performable quickly.
Materials and methods: We, therefore, have studied HbA1c as a diagnostic 
tool to identify patients with DM2 in 9 offices of family medicine. The gold 
standard for comparison was an oral glucose tolerance test (OGTT) with 75g of 
glucose. During 8 months 3724 patients were screened. History and/or medical 
records revealed known DM2 in 19.73 % and impaired glucose tolerance (IGT) 
in 15.81 %. Due to therapy with corticosteroids 3.2 %, and because of active in-
fectious disease 7.16 % of patients had to be excluded. The inclusion criterion of 
age ≥ 40 years was fulfilled in 2805 of the screened persons. Finally, 573 agreed 
to participate in the study and filled in a questionnaire. Among these 231 were 
selected randomly to have extensive blood tests and urine analyses.
Results: Using OGTT 10 patients with de novo DM2 were identified (blood 
glucose at 2 hours ≥200 mg/dl. In these patients the mean HbA1c was 5.77 
± 0.64 % and differed statistically significant from study participants with 
normal OGTT who had a mean HbA1c of 5.07 ± 0.37 % (p=0.0001). Pa-
tients with IGT (blood glucose at 2 hours >140 and <200 mg/dl; n = 26) had 
a mean HbA1c of 5.49 ± 0.54 %. ROC analyses using HbA1c of 5.2% as a 
threshold revealed sensitivity and specificity of 0.72 each. A specificity of 100 
%, i.e. having no DM2 or IGT, is given at a HbA1c value of ≤4.6 %, and a 
sensitivity of 100 %, i.e. manifest DM2, is given at a HbA1c value of ≥6.6 
%. Univariate analyses of No-DM2 versus IGT + DM2 showed that a sig-
nificant impact on diagnosis was seen of higher age (p=0.0001), higher body 
mass index (p=0.0133), higher systolic blood pressure (p=0.0015), higher 
total cholesterol (p=0.0462) and presence of proteinuria (p=0.0017). Using 
stepwise multivariate logistic regression analysis age (p=0.0007), body mass 
index (p=0.0118) and proteinuria (p=0.0365) were included in the model to 
significantly influence the diagnosis of No-DM2 versus IGT + DM2.
Conclusion: We conclude that measurement of HbA1c is a reliable diagnos-
tic parameter to diagnose DM2 irrespective of the fasting state and thus day 
time with only one blood sample to be drawn. Our analyses show that the 
pretest probability to identify patients with IGT or DM2 increases with in-
creasing age, body mass index, higher systolic blood pressure and presence 
of proteinuria.

835
Predictors of cardiometabolic control in intensified, multi-factorial 
treated, screen detected type 2 diabetics; results of ADDITION the 
Netherlands study
R. van der Lugt, M. van den Donk, K.J. Gorter, B. Sparen, G.E.H. Rutten; 
Julius Center, UMC Utrecht, Netherlands.

Background and aims: To assess determinants of optimal cardiovascular 
control after four years of intensified multi-factorial treatment in patients 
with screen-detected type 2 diabetes.
Materials and methods: This study is embedded in the Dutch part of the 
ADDITION Study (Anglo-Danish-Dutch Study of Intensified Treatment in 
People with Screen-detected Diabetes in Primary Care), that studies the ef-
fects of intensified multi-factorial treatment compared with usual care on 
cardiovascular morbidity and mortality in screen-detected type 2 diabetes 
patients. Data of patients from the intensified arm of the ADDITION the 
Netherlands were retrieved at baseline and after four years of follow-up. The 
patients were treated to the following targets: 1) HbA1c% < 6.5 % mmol/L 
2) cholesterol level < 3.5 mmol/L and 3) blood pressure < 120/80 mm Hg. 
Non-optimal cardiovascular control after four years of follow-up was defined 
as reaching zero or one goals. Optimal cardiovascular control was defined as 
reaching two or three goals. Univariate and multivariate logistic regression 
analyses were performed in order to assess which factors were related to car-
diovascular control and to what extent.
Results: A total of 206 patients from the intensified arm were analysed. 14.1% 
(n=29) reached none of the targets, 48.1% (n=99) reached one target, 29.6% 
(n=61) reached two targets and 8.3% (n=17) reached three targets. Therefore 
62.1% (n=128) had non-optimal cardiometabolic control and 37.9% (n=78) 
achieved optimal cardiometabolic control. On univariate analysis the follow-
ing characteristics were associated with the achievement of optimal cardi-
ometabolic control (P<0.2): alcohol use at baseline, systolic blood pressure at 
baseline and a decrease in BMI between baseline and four years of follow-up. 
On subsequent multivariate analysis only a decrease in BMI between baseline 
and four years of follow-up was an independent predictor for optimal cardi-
ometabolic control (p=0.042).
Conclusion: Weight loss is an independent predictor for achieving optimal 
cardiometabolic control in patients with screen detected type 2 diabetes.
Supported by: NovoNordisk
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836
FINDRISC (Finnish Diabetes Risk Score): a useful tool as a predictor of 
both diabetes risk and cardiovascular risk in an Italian population
C. Bianchi, L. Pucci, A. Agostini, D. Lucchesi, E. Storti, E. Russo,  
A.G. Daniele, G. Penno, S. Del Prato, R. Miccoli; 
Endocrinology and Metabolism, University of Pisa, Italy.

Background and aims: Risk scores based on phenotypic characteristics have 
been developed in several populations to identify individuals at risk of devel-
oping or having undiagnosed diabetes (T2D). FINDRISC is currently the best 
available tool for use in daily practice in Caucasian populations. FINDRISC 
seems also a reasonable predictor of coronary heart disease, stroke, and total 
mortality.
Materials and methods: FINDRISC, 75-g oral glucose load, and major car-
diovascular risk factors together with the HeartScore (10-year cardiovascular 
mortality estimation) were assessed in 1051 Caucasian nondiabetic subjects 
(435 men, 41%; 616 women, 59%) attending opportunistic diabetes screen-
ing at the Regional Centre for Diabetes and Metabolic Disease in Tuscany, 
Italy. The study, part of a larger European project (DEPLAN) was aimed to 
assess: 1. distribution of main risk factors for T2D; 2. prevalence of high risk 
subjects; 3. the predictive power of FINDRISC for prediabetes and undiag-
nosed T2D; 4. relationship between FINDRISC, cardiovascular risk factors 
and HeartScore.
Results: Men (M) and women (W) differed by age (51±11 vs 49±12 years, 
p<0.0001) and smoking habits (no-/ex/current-smokers: M 36/42/22%; W 
57/21/22%, p<0.0001). There was no difference for family history of diabetes 
(M 64%, W 70%), personal history of high glucose values (M 34%, W 28%), 
fruit and vegetable consumption (M 83%, W 86%), antihypertensive drug 
use (M 28%, WD 26%). Physical inactivity was more frequent among women 
(74% vs 66%). Distributions of BMI (30 kg/m2: M 23/48/29%, W 27/30/43%, 
p<0.0001) and waist circumference (102/88 cm: M 24/34/42%, W 8/16/76%, 
p<0.0001) were less favorable in W, while distribution for age strata (<45, 
45-54, 55-64, ≥65 years: M 26/27/35/12%, W 37/25/27/11%, p=0.003) less fa-
vorable in M. The distribution of classes of risk for diabetes (FINDRISC: low, 
score <10; modest, 10-14; moderate, 15-19; high, ≥20) was superimposable 
in M (27/37/27/9%) and W (20/42/27/11%, X2=6.36, p=0.17). Prevalence of 
subjects with isolated impaired fasting glucose (IFG: M 15.2%, W 11.3%), 
impaired glucose tolerance (IGT±IFG: M 31.3%, W 29.0%) and undiagnosed 
T2D (M 17.2%, W 6.5%) was higher in men (X2=40.74, p<0.0001). The per-
formance of FINDRISC in detecting undiagnosed T2D or T2D+IFG+IGT 
has been evaluated employing score ≥15 as the discriminant threshold. In 
the whole cohort, sensitivity, specificity and positive predictive value resulted 
57%, 64%, 16% for diabetes and 52%, 77%, 72%, for diabetes+IFG+IGT; in 
M, 54%, 66% e 24% for T2D and 48%, 79% e 79% for T2D+IFG+IGT; in W 
63%, 63%, 11% for diabetes and 56%, 76% e 67% for T2D+IFG+IGT. The 
increase in FINDRISC score was associated with progressive increase in 
systolic and diastolic BP (p<0.0001), non-HDL cholesterol (p<0.001), triglyc-
erides (p=0.01), reduction of HDL (p<0.0001). The 10-year mortality risk for 
cardiovascular events (HeartScore) in subjects with IFG (1.7%), IGT (1.7%) 
and undiagnosed diabetes (2.4%) was higher than in subjects with normal 
glucose tolerance (0.7%; p<0.0001), and increasing FINDRISC score (<10: 
HeartScore 0.9%; 10-14: 1.0%; 15-19: 1.9%; ≥20: 2.1% (p<0.0001).
Conclusion: The FINDRISC seems to be useful to estimate future risk of 
diabetes and to detect undiagnosed diabetes and prediabetes in the Italian 
population. Furthermore, the FINDRISC can also identify individuals at high 
risk for cardiovascular disease and mortality.
Supported by: Diabetes in Europe - Prevention using Lifestyle, Physical Activity 
and Nutritional Intervention (DE-PLAN) E.U. 2004310

837
Elevated serum levels of transforming growth factor-beta1 (TGFbeta1) 
precede the development of type 2 diabetes: MONICA/KORA Augsburg 
case-cohort study, 1984-2002
C. Herder1, A. Zierer2, W. Koenig3, M. Roden1,4, C. Meisinger2, B. Thorand2; 
1Institute for Clinical Diabetology, German Diabetes Center, Düsseldorf, 
2Helmholtz Zentrum München, Neuherberg, 3University of Ulm Medical 
Center, 4Department of Medicine/Metabolic Diseases, Heinrich Heine 
University Düsseldorf, Germany.

Background and aims: Subclinical inflammation represents an important 
mechanism in the development of insulin resistance and beta-cell dysfunc-
tion, but it is unknown whether elevation of circulating anti-inflammatory 

immune mediators predicts a lower risk for type 2 diabetes. Therefore, the 
aim of this study was to assess the association between transforming growth 
factor-β1 (TGF-β1), a mainly immunosuppressive regulator of the immune 
system, with incident type 2 diabetes.
Materials and methods: We measured serum levels of TGF-β1 by ELISA in 
460 individuals with and in 1474 individuals without incident type 2 diabetes 
during a follow-up period (± SD) of 10.9±4.7 years in a prospective case-co-
hort study within the population-based MONICA/KORA Augsburg cohort.
Results: In Cox proportional hazards models, elevated TGF-β1 concentra-
tions were associated with higher risk for type 2 diabetes in the age, sex and 
survey-adjusted model (HR (95% CI) for increasing TGF-β1 tertiles: 1.0; 
1.08 (0.83; 1.42); 1.41 (1.08-1.83); p for trend = 0.012). Adjustment for BMI, 
metabolic factors (systolic blood pressure, ratio of total cholesterol to HDL 
cholesterol, parental history of diabetes) and lifestyle factors (smoking status, 
alcohol consumption, physical activity) had virtually no impact on the effect 
size. Additional analyses included tests for interaction with age, sex and obes-
ity. These analyses indicated that the association between high TGF-β1 levels 
and increased risk of type 2 diabetes may be stronger in younger participants 
(<55 years; p for interaction = 0.033) and in obese participants (p for interac-
tion = 0.013), whereas no sex differences were found.
Conclusion: Elevated serum concentrations of TGF-β1 indicate an increased 
risk for type 2 diabetes that is independent of multiple potential confounders. 
This association may be caused by upregulation of TGF-β1 in response to as 
yet unidentified metabolic or immunological disturbances before the clinical 
manifestation of type 2 diabetes.
Supported by: DFG; German Research Foundation

838
Diabetes, pre-diabetes and associated risks on Minnesota code-indicated 
major ECG abnormality among Chinese: a cross-sectional diabetic study 
in Fujian province, southeast China
G. Chen, L. Lin; 
Fujian Provincial Hospital, Fujian Medical University, Fuzhou, China.

Background and aims: This study 1) investigated the incidence of diabetes 
mellitus (DM), impaired glucose regulation (IGR) and related metabolic 
disorders(overweight, obesity and hypertension) in a population 20-74 years 
in Fujian China and 2) explored the relationship between glucose metabolism 
and Minnesota code-indicated major abnormal electrocardiogram (MA-
ECG).
Materials and methods: Of 3,960 people selected from urban and rural areas 
from July 2007 to May 2008 by multi-stage stratified sampling, 3,298 com-
pleted and 3,208 of 20-74 years old eventually analyzed (including physical 
measurements, blood biochemical analysis, oral glucose tolerance test and 
12-lead resting ECG).
Results: According to WHO diagnostic criteria, prevalence of DM and IGR 
were 9.51% (male, 10.08%; female, 9.14%) and 14.40% (male, 14.48%; fe-
male, 14.35%), respectively. Fully 53.44% were newly diagnosed DM patients. 
Based on the 2000 China census, the age-standardized prevalence of DM 
was 7.19% (male, 7.74%; female, 6.61%), and 11.96 % for IGR (male, 12.35%; 
female, 11.56%). Age-standardized prevalence of DM and IGR in urban ar-
eas (7.74% and 12.97%, respectively) was slightly higher than in rural areas 
(6.67%, 10.86%) but not statistically significant. Prevalence of overweight, 
obesity and hypertension were 25.50%, 3.52% and 28.52%, respectively (age-
sex standardized rates: 23.69%, 3.02 % and 22.45 %). After adjusting for other 
risk factors, DM and IGT remained independent risk factors for MA-ECG. 
Non-diabetic subjects with increased 30 min post glucose level showed high-
er risk of MA-ECG after adjusting for other factors, especially for those NGT 
with 30min PG≥7.8mmol/l[OR:1.371(1.055-1.780)].
Conclusion: Prevalence of DM, IGR following with other metabolic disor-
ders has increased dramatically in the last decade in China, especially in rural 
areas, with many undiagnosed cases of DM. Even slightly raised glucose lev-
els indicate early cardiovascular events.
Supported by: grants from Chinese Medical Association and Fujian Provincial 
Hospital
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839
Trajectories of HbA1c prior to the diagnosis of diabetes. The Inter99 study
S. Engberg1, A.C. Jensen1, B. Carstensen1, A.G. Tabák2, C. Glümer3,  
T. Jørgensen3,4, K. Borch-Johnsen1,5, D.R. Witte1; 
1Department of Epidemiology, Steno Diabetes Center, Gentofte, Denmark, 
2Department of Epidemiology and Public Health, UCL, London, United 
Kingdom, 3Research Centre for Prevention and Health, Glostrup, Denmark, 
4Faculty of Health Sciences, University of Copenhagen, Denmark, 5Faculty 
of Health Sciences, University of Aarhus, Denmark.

Background and aims: In view of the increasing emphasis on HbA1c as a 
diagnostic tool for diabetes, it is important to understand the natural history 
of HbA1c changes prior to disease onset. Our aim was to compare the trajec-
tory of HbA1c in the years prior to the diagnosis of diabetes to the trajectory 
for a control group free of diabetes during the study, based on repeated HbA1c 
measurements.
Materials and methods: We studied 4,635 individuals from the population-
based Inter99 study without diabetes at baseline who had at least one follow-
up examination. The participants had a median of 2 HbA1c measurements 
each (range: 2-4) giving a total of 12,833 measurement points. The study 
population was divided into incident diabetes cases (86% diagnosed through 
a 75g oral glucose tolerance test) and controls who did not develop diabetes 
during the observation period. We used a mixed effect model with an added 
spline term for incident cases.
Results: During a median observation period of 5.3 years (range: 1.0-6.3 
years), 231 individuals developed diabetes. HbA1c levels were 5.8% five years 
prior to the diagnosis/the last examination in both cases and controls. In 
cases, HbA1c levels increased on average by 0.05% per year in the first half of 
the observation time. The rate of increase accelerated to an average of 0.08% 
per year in the second half of the observation time, reaching 6.2% at the time 
of diagnosis. In controls, the estimated HbA1c level remained unchanged at 
5.8% during the observation period.
Conclusion: We found that the level of average glycaemia, as measured by 
HbA1c, starts to increase at least five years prior to the diagnosis of diabetes, 
and the rate of increase accelerates prior to diagnosis. In contrast, HbA1c lev-
els in those who did not develop diabetes remain unchanged. Our findings 
indicate that HbA1c can be used to track pathophysiological changes that pre-
cede the diagnosis of diabetes.
Supported by: Danish Medical Research Council, Danish Center for Evaluation 
and Health Technology Assessment, Novo Nordisk

840
Population-based screening for type 2 diabetes in Denmark, the 
Netherlands and the United Kingdom: uptake and prevalence in the 
ADDITION study
M. Van den Donk1, A. Sandbaek2, K. Borch-Johnsen2, T. Lauritzen2,  
R.K. Simmons3, N.J. Wareham3, S.J. Griffin3, M.J. Davies4, K. Khunti5,  
G.E.H. Rutten1; 
1Julius Center for Health Sciences and General Practice, University Medical 
Center Utrecht, Netherlands, 2General Practice, University of Aarhus, 
Denmark, 3MRC Epidemiology Unit, Cambridge, United Kingdom, 
4Cardiovascular Sciences, University of Leicester, United Kingdom, 5Health 
Sciences, University of Leicester, United Kingdom.

Background and aims: The Anglo-Danish-Dutch Study of Intensive Treat-
ment in People with Screen-detected Diabetes in Primary Care (ADDITION) 
evaluates whether screening for undiagnosed type 2 diabetes is feasible and 
whether subsequent intensified treatment is beneficial. The present study de-
scribes the different screening strategies applied in ADDITION.
Materials and methods: Diabetes was defined according to WHO 1999 cri-
teria. We describe the different strategies used to identify those at high risk 
of undiagnosed diabetes, the overall attendance rates (screening uptake), and 
the number of screen-detected type 2 diabetes patients identified in each 
country.
Results: In Denmark, the Danish Diabetes Risk Score was a) mailed to eligi-
ble patients aged 40-70 years, or b) completed by patients visiting their gen-
eral practitioner (step 1). Those at high risk were invited to attend a screening 
procedure including a random blood glucose (RBG) test and HbA1c test (step 
2), a fasting blood glucose (FBG) test (step 3) and an oral glucose tolerance 
test (OGTT; step 4). In the Netherlands, the Hoorn Diabetes Risk Score was 
mailed to eligible patients aged 50-70 years (step 1). Eligible individuals were 
invited to attend a four-step procedure consisting of RGB (step 2), FBG (step 

3) and OGTT (step 4), or a three-step procedure consisting of FBG (step 
2) followed by OGTT (step 3). In Cambridge, routine electronic data were 
searched to identify individuals aged 40-70 years at high risk of undiagnosed 
type 2 diabetes using the Cambridge Diabetes Risk Score (step 1). Those at 
high risk were invited to attend a screening for which steps 2-4 were identical 
to those used in Denmark. In Leicester, a sample from eligible people aged 
40-70 years (step 1) were invited to attend an OGGT (step 2). Numbers of 
target populations, invited individuals, individuals diagnosed with type 2 dia-
betes, and screen-detected diabetes prevalence are shown in the table. Data 
on the use of OGTTs in the different steps and screening strategies will be 
presented at the EASD conference.
Conclusion: The results suggest that population-based screening for type 2 
diabetes is challenging but feasible. Although the response rates may be con-
founded by centre-specific covariates such as ethnicity, culture, social class, 
invited age groups, and different strategies, the different yields of screen-de-
tected diabetes only range from 0.42% to 1.09%.

Results of different screening strategies
DK - mail 
distributed

DK -  
oppor-
tunistic

NL - 
four-step

NL -  
three-step

Cambridge Leicester Total

General 
practices (n)

149 33 41 38 49 24 334

Target popu-
lation (n)

132,408 30,777 29,251 27,727 135,825 47,806 403,794

Step 1
Invited to 
complete 
risk  
question-
naire (n)

125,437 8,579 29,251 27,727 - -

Invited for 
blood tests 
(n)

- - - - 33,539 23,060

Next steps
Attending 
blood tests 
(n)

23,447 4,584 11,028 6,855 24,654 5,601 76,169

Number 
confirmed 
type 2 diabe-
tes (n)

1,369 262 285 301 867 201 3,285

As % of 
target popu-
lation

1.03 0.85 0.97 1.09 0.64 0.42 0.78

As % of 
individuals 
attending 
blood tests

5.84 5.72 2.58 4.39 3.52 3.50 4.30

Supported by: Several governmental and unrestricted industrial grants

841
A school-based physical activity program increases fitness and decreases 
adiposity and cardiovascular risk factors in primary school children: a 
cluster-randomized trial
J.J. Puder1, L. Zahner2, C. Schindler2, U. Meyer2, H. Hebestreit3,  
H. Brunner-La Rocca2, W. van Mechelen4, S. Kriemler2; 
1University of Lausanne, Switzerland, 2University of Basel, Switzerland, 
3University of Würzburg, Germany, 4VU University, Amsterdam, 
Netherlands.

Introduction: Childhood obesity and physical inactivity are increasing dra-
matically worldwide with detrimental effects on the prevalence of diabetes as 
well as on cardiovascular and psychological health. Schools provide an ideal 
setting for preventive interventions. We therefore conducted a randomised 
controlled trial to determine whether a school-based physical activity (PA) 
program during a full school-year improves physical fitness and cardiovascu-
lar risk factors in young schoolchildren.
Methods: Twenty-eight classes were randomly allocated in a single blind-
ed manner to the intervention (16 classes, n=297) and control (12 classes, 
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n=205) groups. The intervention consisted of a multi-component PA in-
tervention program including daily physical education. Primary outcomes 
included body fat (skinfold thickness), aerobic fitness (shuttle run test), PA 
(accelerometry), and quality of life (questionnaires). Secondary outcomes 
included a cardiovascular risk factor score including all components of the 
metabolic syndrome.
Results: Compared with controls, children in the intervention group showed 
statistically significant decreases in body mass index z-scores (adjusted dif-
ference -0.09; 95%-percent confidence interval [CI], -0.18 to -0.003), sum 
of four skinfolds (adjusted difference -2.10mm; 95%-CI -3.48 to -0.90), and 
significant improvements in aerobic fitness z-score (adjusted difference 0.22; 
95%-CI, 0.01 to 0.42) and moderate-vigorous PA at school (adjusted differ-
ence 14; 95%-CI, 5 to 23). There was also a significant improvement of the 
cardiovascular risk score (adjusted difference -0.18; 95%-CI, -0.30 to -0.05, 
intervention: n=227 and control: n=103). Quality of life did not change.
Conclusion: Our findings show that a stringent school-based PA interven-
tion is effective in improving physical fitness and in reducing cardiovascular 
risk factors in children.
Supported by: Swiss Federal Office of Sports (FOSPO), Swiss National Science 
Foundation (SNF)

PS 69 Risk factors for type 2 
diabetes mellitus
842
Low serum levels of insulin-like growth factor binding protein-2 predict 
type 2 diabetes
A. Hilding1, K. Brismar1, J. Frystyk2, A. Flyvbjerg2, C.-G. Östenson1; 
1Dept. of Molecular Medicine and Surgery, The Endocrine and Diabetes 
Unit, Karolinska Institutet, Stockholm, Sweden, 2Medical Department M 
(Diabetes and Endocrinology) and the Medical Research Laboratories, 
Aarhus University Hospital, Denmark.

Background and aims: Obesity is a major risk factor for type 2 diabetes (T2D). 
Insulin-like growth factor binding protein-2 (IGFBP-2) and adiponectin are 
both secreted by adipose tissue. Studies have shown that adiponectin as well 
as another binding protein, IGFBP-1, are inversely associated with incident 
T2D. The aim of the present study was to evaluate circulating levels IGFBP-2 
in the prediction of T2D, and in comparison to adiponectin and IGFBP-1.
Materials and methods: Individuals with normal OGTT at baseline who de-
veloped abnormal glucose regulation at follow-up 8-10 years later (199 wom-
en and 278 men) were selected from a prospective cohort study comprising 
middle-aged Swedish men and women. T2D was detected in 60 women and 
107 men. Age-matched controls were selected among those having normal 
glucose regulation at both examinations, 210 women and 290 men. Logistic 
regression analysis was performed, estimating odds ratio (OR) and 95% con-
fidence interval (CI). Associations between biomarkers and T2D were evalu-
ated and areas under receiver-operating-characteristic (AUC-ROC) curves 
were assessed. 
Results: Levels of IGFBP-2, as well as levels of adiponectin and IGFBP-1, 
were at baseline significantly lower in individuals developing T2D as com-
pared to controls. In women, the lowest quartile of IGFBP-2 conferred an 
OR for T2D of 18.5 (95%CI: 6.4-53.7), while the ORs for the lowest quartile 
of adiponectin and IGFBP-1 were 18.1 (6.7-48.9) and 16.7 (5.8-48.2), respec-
tively. In men corresponding OR was 8.1 (4.0-16.5) for IGFBP-2, 3.6 (1.9-7.0) 
for adiponectin and 18.2 (8.1-40.9) for IGFBP-1. The associations remained 
significant also after controlling for BMI. ROC-AUC was 0.78, 0.80 and 0.79 
for IGFBP-2, adiponectin and IGFBP-1 respectively, as compared to 0.80 for 
BMI in women. In men, corresponding ROC-AUCs were 0.71, 0.64, 0.78 and 
0.70, respectively. In multivariate analysis, including IGFBP-2, adiponectin 
and IGFBP-1, they were all significantly and independently associated to T2D 
in women, whereas in men only IGFBP-1 remained significantly associated.
Conclusion: Low baseline levels of IGFBP-2 are, similar to adiponectin and 
IGFBP-1, associated with increased risk of incident T2D, suggesting IGFBP-2 
as a marker for the development of T2D.
Supported by: StockholmCountyCouncil, SwedishResearchCouncil, Swedish 
Council for Working Life and Social Research, Swedish Diabetes Association, 
NovoNordiskScandinavia, GlaxoSmithKline

843
Plasma procalcitonin is related to obesity and obesity-related 
development of type 2 diabetes mellitus
A. Abbasi1, E. Corpeleijn1, D. Postmus1, R.T. Gansevoort1, P.E. de Jong2, 
R.O.B. Gans2, J. Struck3, H.L. Hillege2, R.P. Stolk1, S.J.L. Bakker2, G. Navis2; 
1Epidemiology, University Medical Centre Groningen, Netherlands, 
2Internal Medicine, University Medical Centre Groningen, Netherlands, 
3Research, BRAHMS AG, Hennigsdorf, Germany.

Background and aims: A cumulating body of evidences suggests that inflam-
mation plays a role in the development of type 2 diabetes mellitus (DM2). 
Recent studies suggest that adipose tissue produces procalcitonin (PCT), a 
pro-inflammatory hormokine previously thought to be confined to sepsis 
and bacterial infections, under non-infectious conditions. We aimed to in-
vestigate whether plasma PCT concentration is associated with obesity and 
whether it predicts development of DM2 in apparently healthy non-diabetic 
population.
Materials and methods: Data were from the Prevention of Renal and Vas-
cular End Stage Disease (PREVEND) study, an ongoing, community-based 
cohort of 8592 subjects in the Netherlands, that started in 1997. Plasma PCT 
was assessed in baseline samples using an ultra-sensitive immunolumino-
metric assay (BRAHMS PCT sensitive LIA). Subjects with DM at baseline 
and subjects with plasma PCT concentrations indicative of potential presence 
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of infectious conditions (>0.10 ng/mL) were excluded. Development of DM2 
was defined according to ADA criteria after a median (interquartile range) 
follow-up of 4.2 (4.0- 4.5) years in 5084 eligible subjects.
Results: A total of 159 participants (3.1%) developed DM2. Subjects who 
developed DM2 vs. subjects who did not develop DM2 had higher baseline 
BMI (29.6±4.6 vs. 25.8±4.0 kg/m2, p <0.0001) and were older (55.7±10.5 vs. 
47.8±11.8 years, p <0.0001). Baseline plasma PCT was positively associated 
with age (r=0.25, p < 0.0001) and BMI (r=0.24, p < 0.0001). It was also higher 
in men than in women (0.018 [0.015-0.022] vs. 0.014 [0.012-0.017] ng/mL, 
p < 0.0001). In a univariate model, the odds ratio (OR) for development of 
DM2 was 1.68 (95%CI 1.38-2.04, p < 0.0001) per doubling of PCT. After ad-
justment for age and sex the OR was 1.47 (1.17-1.85, p = 0.001). Adjustment 
for BMI markedly attenuated the OR to 1.19 (0.93-1.53, p = 0.18).
Conclusion: In the non-infectious range (<0.10 ng/mL), PCT is related to age, 
BMI and sex, and predicts type 2 DM independent of age and sex. However, 
the predictive value of PCT disappears after adjustment for the association of 
PCT with BMI. Based on this finding, we hypothesize that excessive exposure 
to PCT is involved in the pathogenesis of obesity-related diabetogenesis.
Supported by: the Center for Translational Molecular Medicine (CTMM)

844
A quantitative change in core tissue microbiome is associated with type 
2 diabetes
J. Amar1, C. Chabo2, J. Ferrieres1, R. Burcelin2; 
1INSERM U 558, 2Institut de Médecine moléculaire, INSERM U 858, 
Toulouse, France.

Background and aims: Although the role of gut microbiome on weight in-
take has been established, the role of gut and tissue microbiome on the onset 
of type 2 diabetes is poorly understood. We explored in the present study the 
changes in intestine, blood and tissue microbiome related with the onset of 
diabetes.
Materials and methods: First, we assessed using DGGE analysis profile the 
changes in intestine, blood and mesenteric adipose tissue (MAT) microbiome 
in diabetic mice fed a high fat diet. Then, we explored the role of leptin and of 
CD14 receptor: a key receptor of innate immunity on bacterial translocation. 
Finally we assessed in humans the relevance of these experimental data in a 
cross sectional population based sample.
Results: Distinct intestinal bacterial 16s rDNA sequences determined us-
ing DGGE analysis profiles were observed in diabetic mice fed a high-fat 
diet when compared with mice fed a normal chow. Conversely to the large 
diversity observed in the intestine, in blood only a few bacterial 16s rDNA 
bands were found. Importantly, the blood and MAT bacterial DNA concen-
trations were higher in diabetic animals than in controls. Arguing in favor of 
an intestinal origin of the increased bacterial DNA concentration in diabetic 
state we showed in four week HFD fed diabetic mice that after a single oral 
administration of fluorescent E Coli more fluorescent bacteria were present 
in the intestinal mucosa and MAT. Then, we explored the role of leptin and 
of the lipopolysaccharide receptor CD14 pathway on bacterial translocation 
and its consequences on the onset of diabetes. Blood and MAT bacterial DNA 
concentration were significantly higher in the leptin deficient mice. This was 
reversed when the mutant mice were also CD14 deficient (ob/ob CD14 KO). 
Importantly, the glucose tolerance test was improved in CD14 KO mice and 
in ob/ob CD14 KO mice as compared with ob/ob mice. Then, we assessed 
the clinical relevance of these data. We found in a population based-sample 
(n=311) that bacterial 16S rDNA blood concentrations are positively and in-
dependently associated with diabetes and high fasting glucose.
Conclusion: We find that a quantitative change in tissue microbiome is as-
sociated with type 2 diabetes. This change is driven by leptin and CD14 path-
ways. 

Supported by: Délégation à la recherche clinique CHU de Toulouse

845
Short sleep duration is a potential risk factor for newly-diagnosed type 2 
diabetes in Taiwanese
Y.-C. Yang1,2, J.-S. Wu1,2, F.-H. Lu1,2, C.-J. Chang1,2; 
1Department of Family Medicine, College of Medicine, National Cheng 
Kung University, 2Department of Family Medicine, National Cheng Kung 
University Hospital, Tainan, Taiwan.

Background and aims: Short sleep duration is independently associated with 
an increased risk of obesity, coronary heart disease, symptomatic diabetes 
and mortality risk. However, there are few studies investigate the relation-
ship between sleep duration and newly-diagnostic diabetes/prediabetes, esp. 
no study from Asia. The aim of this study is to examine the potential effect 
of short sleep duration on the risk of newly diagnosed Type 2 Diabetes in 
Taiwanese.
Materials and methods: All subjects received a health examination in our 
hospital from 2006-2007 in Tainan, Taiwan were invited. After excluding 
subjects who had a history of diabetes or taking hypnotic drug, a total of 
3686 subjects (62.7% men) were recruited for analysis. A 75-g OGTT was 
applied and diabetes/prediabetes (impaired fasting glucose and impaired glu-
cose tolerance) were defined according to the American Diabetes Association 
diagnostic criteria. The number of hours of sleep was assessed through self-
administered questionnaire. Subjects were classified into three groups: short 
sleeper (≤ 5 hours), normal sleeper (6-7 hours) and long sleeper (≥ 8 hours)
Results: Comparing to subjects with normal glucose tolerance, subjects with 
newly diagnosed diabetes and prediabetes were older, and had a higher per-
centage of obesity, family history of diabetes, cigarette smoking habit, alcohol 
drinking habit, but lower education levels, lower percentage of coffee drink-
ing and regular exercise habit and shorter sleep hours. In multi-nominal re-
gression analysis using normal sleeper as a reference, after adjusting for age, 
sex, education level, family history of diabetes, BMI, cigarette smoking, alco-
hol drinking, tea drinking, coffee drinking, regular exercise habit, the odds 
ratios for newly-diagnostic diabetes and prediabetes were 1.47(1.03-2.08) and 
1.16(0.94-1.43) for short sleeper, respectively.
Conclusion: Short sleeper, but not long sleeper, had a higher risk of develop-
ing newly diagnosed diabetes in Taiwanese population.

846
The association of serum triglyceride changes over 4 years of period with 
type 2 diabetes risk in Korean adults
E.-S. Choi1, E.-J. Rhee1, S.-H. Yoo1, W.-J. Kim1, J.-H. Kim2, S.-E. Park1,  
C.-Y. Park1, W.-Y. Lee1, K.-W. Oh1, S.-W. Park1, S.-W. Kim1; 
1Endocrinology, Kangbuk Samsung Hospital, 2Endocrinology, Hong Ik 
hospital, Seoul, Republic of Korea.

Background: Hypertriglyceridemia is one of the common features of Type 2 
diabetes mellitus, and is caused from dyslipidemia due to insulin resistance, 
one of the main mechanism of the disease. We investigated the association of 
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the changes in triglyceride (TG) concentrations in 4 years of foll-up and type 
2 diabetes in apparently healthy Korean adults.
Methods: Serum TG levels at baseline (time 1) and 4 years later (time 2) 
were measured in 23,147 subjects (mean age 42.5 years, males 66%) with 
TG<500mg/dL. Subjects with diabetes mellitus at baseline, were excluded. 
We separated the subjects into 3 groups according to TG concentrations at 
baseline and 4 years later; low, intermediate,high.
Results: After 4 year, 315 cases of diabetes occurred in 23,147 subjects. Base-
line age,BMI,LDL-C, exercise and smoking status correlated positively with 
future development of diabetes. HDL-C levels negatively correlated with 
the development of diabetes. Subjects who were in the lowest tertile of TG 
concentration at time 1 and progressed to the hightest tertile over 4 years 
(low-high), exhibited a hazard ratio (HR) of 5.50 (95% CI 2.14-14.12) for dia-
betes risk compaired with those remaining in the lowest tertile at both time 
points (reference group:low-low). Whereas subjects which belong to high-
high group had a HR for diabetes of 7.23 (95% CI 3.80-13.72), those whose 
TG level decreased to the lowest tertile(high-low & intermediate-low) did’t 
exhibit significant risk statistically.Alterations in TG levels during 4 years of 
follow-up were associated with BMI,HDL-C, LDL-C and hypertension status. 
In multivariate model with age, BMI,HDL-C and LDL-C and hypertension in 
the model, TG changes and hypertension were the sigificant determenants for 
future diabetes risk.
Conclusion: The increased or persistently high serum TG concentrations in 
4 years of period were the independent predictors for type 2 diabetes in Ko-
rean adult.

847
Association of compensatory beta cell dysfunction and obesity and 
plasma nonesterified fatty acid concentration in young Korean men with 
normal glucose tolerance
S. Chon1, Y.-J. Lee1, M. Choi1, Y. Hwang1, S. Oh1, K. Ahn1, H. Chung1,  
J.-T. Woo1, S.-W. Kim1, J.W. Kim1, Y. Kim1, Y.-K. Choi2; 
1Kyung Hee University Hospital, 2College of medicine, Pochon-cha 
University, Seoul, Republic of Korea.

Background and aims: Obesity is known to increase the risk of the devel-
opment of type 2 diabetes mellitus(T2DM), and the prolonged elevation of 
nonesterified fatty acid(NEFA) is also known to be an important factor attrib-
uted to progressive β-cell dysfunction in T2DM. But association of obesity 
and NEFA with β-cell function in young healthy people with normal glucose 
tolerance(NGT) is not well elucidated as yet. This study thus compared com-
pensatory β cell function according to obesity in Korean young men with 
NGT.
Materials and methods: Standard 75g OGTT was performed in 362 healthy 
young men. Obesity was classified based upon the Asia-Pacific obes-
ity criteria(Normal weight:18.5≤BMI<23, Overweight:23≤BMI<25, Obese:
BMI≥25). The Whole Body Insulin sensitivity Index(WBISI) and HOMAIR, 
Insulinogenic Index(IGI), and Disposition Index(DI = IGIxWBISI) and 
NEFA were measured.
Results: NGT was 260(mean age 25.6±3.3 years). Compensatory β-cell func-
tion (DI) was higher among overweight group than in the normal group (8.86 
in overweight vs 7.04 in normal, P=0.055). But in the obese group, Disposi-
tion Index was significantly lower than the overweight group (6.46 in obese 
vs 8.86 in overweight, P=0.045). Regression analysis between BMI and Dis-
position Index showed a nonlinear relationship in spite of normal glucose 
tolerance. NEFA concentration was higher in the obese group compared with 
overweight and normal group, and NEFA had a negative linear regression 
relationship with Disposition Index (p=0.015). Also, after multiple regression 
analysis, NEFA showed a negative linear relationship with Disposition Index 
( p=0.017). In stratified analysis for NEFA concentration, the subject with 
NEFA more than 400 uEq/L showed significantly lower Disposition Index 
than subject with NEFA less than 200 uEq/L (p=0.009). And also, normal 
weight subject and obese subjects with NEFA more than 400 uEq/L had a low 
Disposition Index (5.84 in normal weight and 5.79 in obese, respectively).
Conclusion: This study suggests that obesity is associated with the decrease of 
compensatory ß-cell function in Korean young men with normal glucose tol-
erance. In particular, regardless of general obesity, metabolic obesity, which is 
status with elevated NEFA, may account for compensatory ß-cell dysfunction 
in the early stage of the natural history of type 2 diabetes.
Supported by: Korea Health 21 R&D Project, Ministry of Health & Welfare, 
Republic of Korea

848
Effect of metabolic syndrome and altered glucose tolerance on diastolic 
cardiac function and intima-media thickness 
C. Alagona, F. Palermo, L. Spadaro, S. Piro, S. Calanna, F. Purrello,  
A.M. Rabuazzo; 
Dept Internal Medicine, University of Catania, Italy.

Background and aims: Metabolic syndrome (MS) and type 2 diabetes are 
both associated with high risk for cardiovascular diseases (CVD). However 
the respective role of MS and altered glucose tolerance on vascular damage is 
under debate. We investigated whether MS affects early markers of vascular 
injuries induced by altered glucose tolerance.
Materials and methods: 132 subjects, divided in two groups by the presence 
of MS according to ATP-III criteria, underwent to an OGTT. Intima-media 
thickness (IMT) was assessed by carotid ultrasound. Augmentation and Aug-
mentation Index (Aug and Aug I), surrogate markers of arterial stiffness, and 
subendocardial viability ratio (SEVR), index of diastolic cardiac function, 
were assessed by applanation tonometry.
Results: Gender, age, BMI, waist circumference, total and LDL cholesterol 
were not significantly different among subjects with (n=64) or without MS 
(n=68). Subjects with MS had significantly higher levels of triglycerides, fast-
ing glucose and blood pressure and lower levels of HDL-cholesterol. Maximal 
IMT was significantly higher in MS than in non MS group [1.35 mm (CI 1.21-
1.51) vs 1.05 mm (CI 0.96-1.16), p=0.001]. Aug and Aug I were higher, but not 
significantly, in MS subjects (13.4±17.5 vs 8.4±5.5 mmHg, p=ns and 25±14.4 
vs 24±13.3 %, p=ns, respectively). SEVR was significantly reduced in MS com-
pared to non MS (149±26.9 vs 159.9±31.7 mmHg, p=0.03). After OGTT, the 
subjects were divided in normotolerants (NT) and with altered glucose toler-
ance (AGT, blood glucose at 120’ > 140 mg/dl). IMT was similar in AGT sub-
jects with MS [1.37 mm (CI 1.21-1.55)] and without MS [1.38 mm (CI 1.11-
1.70)], p=ns. In contrast, IMT was significantly higher in NT subjects with 
MS [1.32 mm (CI 1.05-1.65)] as compared with NT without MS [(0.91 mm 
(0.8-0.98), p<0.001]. SEVR was significantly reduced in AGT patients with 
MS (148±28 mmHg) compared to AGT without MS (163±30 mmHg, p=0.05) 
and in NT with MS (148±23 mmHg) compared to NT without MS (159±32 
mmHg, p<0.05). Logistic regression analysis showed that both altered glucose 
tolerance and MS were independently associated with high risk of increased 
IMT (OR=2.326, p=0.03 and OR=2.771, p=0.03, respectively).
Conclusion: Diastolic cardiac function is impaired in MS independently by 
the presence of altered glucose tolerance. In contrast, IMT was increased both 
in altered glucose tolerance and MS.

849
Skeletal muscle microvascular exchange capacity is associated with 
hyperglycaemia in non-diabetic subjects with central obesity
C.D.T. Byrne1, M. Turzyniecka1, S.H. Wild2, A.J. Krentz1, A.J. Chipperfield3, 
J. Gamble4, G.F. Clough1; 
1University of Southampton, 2Public Health Sciences, University of 
Edinburgh, 3School of Engineering, University of Southampton, 4University 
of Birmingham, United Kingdom.

Background and aims: Poor glycaemic control is associated with increased 
risk of microvascular disease but the relationship between glycated haemo-
globin levels (HbA1c) and microvascular function in skeletal muscle has not 
been described. We tested the association between HbA1c and a measure of 
microvascular exchange capacity (Kf) in skeletal muscle controlling for fat-
ness, insulin sensitivity, physical activity and fitness in people at risk of devel-
oping type 2 diabetes.
Materials and methods: Microvascular function was measured in 28 women 
and 19 men (mean (SD) age 51 (9) years) with central obesity who did not 
have diabetes. We estimated insulin sensitivity (M/I), visceral and total fat-
ness, fitness (VO2 max), physical activity energy expenditure (Metabolic 
Equivalents of TaskS (METS)), and skeletal muscle microvascular exchange 
capacity (Kf).
Results: In regression modelling, age, sex and fasting plasma glucose ac-
counted for 30.5% of the variance in HbA1c (r2=0.31, p=0.001). Adding 
Kf to this model explained an additional 26.5% of the variance in HbA1c 
(r2=0.57, p=0.0001 and Kf was strongly and independently associated with 
HbA1c (standardised B coefficient -0.45 (95%CI -0.19, -0.06), p=0.001). The 
independent association between Kf with HbA1c was unchanged by adding 
M/I or visceral fat to the model and neither were independently associated 
with HbA1c.
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Conclusion: We found a strong negative independent association between a 
measure of skeletal muscle microvascular exchange capacity (Kf) and HbA1c 
that explained almost as much of the variance in HbA1c as fasting plasma 
glucose. The association between Kf and HbA1c was independent of insulin 
sensitivity, fatness, fitness and physical activity.
Supported by: Pfizer

850
Do serum potassium levels influence the metabolic effects of combined 
RAS blockade with hydrochlorothiazide in obese hypertensive 
individuals?
P.C. Deedwania1, E. Ofili2, J.R. Sowers3, I. Jialal4, B.M. Egan5, L. Raij6,  
D. Purkayastha7, R. Samuel7, D.H. Zappe7; 
1University of California at San Francisco, 2Morehouse School of Medicine, 
Atlanta, 3Univeristy of Missouri-Columbia, 4UC Davis Medical Center, 
Sacramento, 5Medical University of South Carolina, Charleston, 6University 
of Miami Miller School of Medicine, Miami, 7Novartis Pharmaceuticals 
Corporation, East Hanover, United States.

Background and aims: Traditionally, a reduction in serum potassium (K+) 
has been implicated as the prime mechanism by which diuretic therapy in-
creases the risk for the development of diabetes mellitus. This 16-week ran-
domized, multi-center, study compared valsartan and hydrochlorothiazide 
(V/HCTZ) to amlodipine/HCTZ (A/HCTZ) on glucose metabolism in obese 
hypertensives. We evaluated the metabolic response in patients (pts) who had 
a low (≤3.9mmol/L) or normal K+ (>3.9mmol/L) level at the end of the study 
in the two groups.
Materials and methods: 412 obese (BMI=35±7 kg/m2; BW=98±23 kg), hy-
pertensives (seated BP=159±8/94±8 mmHg) (aged 56±9 years, 66% females) 
entered double-blind treatment with V/HCTZ 160/12.5 mg or HCTZ 12.5 
mg after a 4-week washout period. Pts were force-titrated to V/HCTZ 320/25 
mg or A/HCTZ 10/25 mg, respectively. At week 16, changes were measured 
from baseline in fasting and 2-hour postprandial glucose and insulin after an 
oral glucose tolerance test.
Results: At Week 16, fasting glucose increased with A/HCTZ in both low and 
normal K+ groups, with significantly greater increases vs. V/HCTZ (p<0.05) 
in the low K+ group (Table). Significantly greater increase in postprandial 
glucose at 2 hours was also observed with A/HCTZ vs. V/HCTZ (p< 0.05) in 
both K+ stratified groups.
Conclusion: The metabolic response to HCTZ was not different in patients 
with low K+ compared to those pts with normal K+. In the V/HCTZ group 
the addition of valsartan reduced the postprandial glucose level in the low 
and normal K+ groups through a greater and earlier postprandial insulin re-
sponse. Thus the mitigating effect of valsartan on HCTZ induced hyperglyc-
emia is not influenced by serum potassium levels.

Parameter Low K+  
(≤ 3.9mmol/L) EOS#

Normal K+ 
(> 3.9mmol/L) EOS#

A/HCTZ V/HCTZ A/HCTZ V/HCTZ
N (%) 123 (63) 92 (49) 71 (37) 96 (51)
K+ at baseline (mmol/L) 4.22 4.12 4.44 4.36
K+ - EOS (mmol/L) 3.55* 3.67 4.31 4.3
Fasting glucose at baseline 
(mmol/L)

5.51 5.45 5.49 5.45

Fasting glucose - EOS  
(mmol/L)

5.73* 5.39 5.68 5.52

Postprandial glucose  
(Δ baseline) at 2h (mmol/L)

1.1* 0.1 1.0* 0.1

Fasting insulin at baseline 
(pmol/L)

138.9 121.5 141.7 149.3

Fasting insulin - EOS  
(pmol/L)

163.2 153.5 165.3 168.8

Postprandial insulin  
(Δ baseline) at 2h (pmol/L)

211.1 99.3 168.8 230.2

*p< 0.05 vs V/HCTZ
#Stratified by low and normal potassium values obtained at the end of study 
(EOS = week 16)

Dr. Deedwania served as consultant and participated in speaker‘s bureau activi-
ties for Novartis Pharmaceuticals Corporation.

851
eZscan, a new non-invasive technology, has the same sensitivity to detect 
abnormalities in insulin resistance subjects as the 45’ OGTT glucose 
values
A. Ramachandran1, A. Moses2, C. Snehalatha1, J. Deslypere3; 
1India Diabetes Foundation, Chennai, India, 2Moses Diabetes Centre, 
Chennai, India, 3SGS, Singapore.

Background and aims: The eZscan is a new patented technology which 
uses low level DC voltage inducing reverse iontophoresis, together with 
chronoamperometry to evaluate the functions of tissues in specific locations 
of the body. The whole test takes only 3 minutes, does not require patient 
preparation and does not cause inconveniences for the subjects. The aim was 
to determine the ability of eZscan to detect abnormalities in carbohydrate 
metabolism as compared to a 45 minute OGTT.
Materials and methods: A cross-sectional study was done in Chennai, India 
with subjects who were not known to have any abnormalities in carbohydrate 
metabolism. A frequent sampling OGTT with measurements of glucose and 
insulin levels at 10 time points was done. Testing with the eZscan was done. 
A reading of >40% was considered positive on the eZscan Insulin Resistance 
scale. The criterion was used for the cut-off values of the 45 min OGTT (8.60 
mmol/l).
Results: A total of 29 subjects were assessed. Age was 41±11 yrs, BMI 28±6, 
M/F ratio 1, OGTT45mins (mmol/l) 8.65 ±2.33, and OGTT2hours (mmol/l) 
7.21±2.22. Of the 6 subjects who were found to have abnormal OGTT45mins 
results (Fig 1 A), 4 had IGT and 2 had DM. Five of these cases tested posi-
tive with the eZscan (83% sensitivity), while one case (23 yrs old Type I DM) 
was not detected by the eZscan. There was a good correlation between the 
results of the eZscan as compared to the OGTT45mins (r=0.55, p=0.02) (Fig 1 
A). Graphical plots of the time profile of glucose (Fig 1 B) and insulin (Fig 1 
C) levels show that the eZscan measurements (NER=normal eZscan Reading 
and AER=abnormal eZscan Reading) correlate better with presence of insu-
lin resistance rather than insulin deficiency (comparison of IGT45-AER and 
NGT-NER/AER curves).
Conclusion: The eZscan is a promising tool which is able to detect the pres-
ence of early carbohydrate metabolism dysfunctions in insulin resistance 
subjects. 
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Pioglitazone and Rosiglitazone have significantly different effects on 
lipid metabolism in mouse cultured liver explants
P. Degrace1, L. Djaouti1, T. Jourdan1, L. Demizieux1, M. Chevrot1, J. Gresti1, 
B. Vergès1,2; 
1INSERM CRI 866, 2Service Endocrinologie-Diabétologie CHU, Dijon, 
France.

Background and aims: Pioglitazone (PioGTZ) and rosiglitazone (RosiGTZ) 
are widely used as oral antidiabetic agents for treatment of type 2 diabetes. 
While these medications exert similar effects on blood glucose, clinical stud-
ies indicate that PioGTZ has a more pronounced beneficial effect on lipid 
parameters than RosiGTZ. This prompted us to set up a study designed to test 
whether PioGTZ, compared to RosiGTZ, could exert direct effects on lipid 
liver metabolism in relation with plasma triglycerides and HDL-Cholesterol.
Materials and methods: Thin liver slices were incubated 21h either with Ros-
iGTZ (1 µM) or PioGTZ (7.5 µM) or vehicle. Intracellular lipid content, lipid 
uptake and secretion and the expression of several genes involved in lipid 
metabolism were studied.
Results: Both glitazones slightly reduced HMG-CoA reductase mRNA levels 
at the same degree but only PioGTZ reduced intracellular cholesterol con-
tent, suggesting an alteration of cholesterol uptake rather than an inhibition 
of cholesterol biosynthesis. This concept was supported by the reduction of 
SR-BI expression, hepatic lipase activity and HDL-cholesterol uptake in Pi-
oGTZ-treated liver explants. Conversely, hepatic lipase mRNA levels were 
increased 3.5-fold. RosiGTZ induced acetyl-CoA carboxylase and fatty acid 
synthase gene expression and increased apoB secretion suggesting a stimu-
lation of lipogenesis. FAT/CD36 and acyl-CoA oxidase mRNA levels were 
modified neither by PioGTZ nor by RosiGTZ suggesting that PPARγ and 
PPARα activations were not required for direct action of glitazones on liver 
explants. Besides, PioGTZ appeared to be a more potent activator of AMPK 
than RosiGTZ.
Conclusion: PioGTZ and RosiGTZ exert specific direct effects on liver in-
dependently of PPARγ or PPARα activation. RosiGTZ promotes lipogenesis 
and increases lipid content in hepatic cells, but PioGTZ does not. These dif-
ferences could explain the significant improvement in plasma lipids observed 
in diabetic patients treated with PioGTZ, but not with RosiGTZ.

853
BNP elevation following 12-week pioglitazone treatment in patients with 
type 2 diabetes 
S. Shirabe1, K. Sasamoto2, A. Araki3, Y. Tamura4, S. Yamada5, Y. Mizuno6,  
M. Takahasi6, M. Miyao6, T. Yanagawa7, M. Nogawa1, T. Yamanouchi8; 
1Shinkawabashi Hospital, Kanagawa, 2Suzuki Clinic, Tokyo, 3Tokyo 
Metropolitan Geriatric Medical Center, 4Tokyo Metropolitan Geriatric 
Medical Center,Gerontology, 5Kitazato Institute Hospital, Tokyo, 6Kanto 
Central Hospital of the Mutual Aid Association of Public School Teachers, 
Tokyo, 7Nerima General Hospital, Tokyo, 8Teikyo University School of 
Medicine, Tokyo, Japan.

Background and aims: Some studies show that thiazolidinediones (TZD) 
and Alpha-glucosidaseinhibitors (AGI) decrease incidence of coronary ar-
tery disease among diabetic patients. The aim of this study was to see the 
differences in cardiac function between TZD and AGI treatment among mild 
type 2 diabetic patients.
Materials and methods: After obtaining informed consent, eighty-nine Japa-
nese type 2 diabetic patients were enrolled and randomized into
the two treatment groups, TZD and AGI group.Pioglitazone was adminis-
trated in TZD group (n=50) and miglitol in AGI group (n=39) for 12 weeks. 
We evaluated fasting plasma glucose (FPG),1,5-anhydroglucitol (1,5AG), 
HbA1C and brain natriuretic peptide (BNP),which was considered as a sur-
rogate marker of congestive heart failure,at baseline (before administration), 
4 weeks, 8 weeks and 12 week s after treating TZD or AGI.
Results: A significant improvement of 1,5AG was shown in the AGI treatment 
group (+5.20±3.70 μg/ml) compared with TZD group (+2.10±0.87μg/ml). 
HbA1C reduced significantly at 12 weeks (-0.39±0.28%) in AGI group,whereas 
-0.59±0.65% in TZD group. The reduction of FPG was -10.0±21.5 mg/dl in 
AGI group and -25.6±36.8 mg/dl in TZD group, respectively. We observed a 
tendency of BNP reduction in AGI group and significantly increase in TZD 

group at 12 weeks (-2.76±15.0 pg/ml vs +9.15±17.5 pg/ml, two-way layout 
ANOVA, p<0.05). When we performed subanalysis in patients with BNP 
more than 18.5 pg/ml at baseline, 37% of patients in AGI group remained 
within normal range of BNP (<18.5 pg/ml) at 12 weeks,while none of TZD 
group showed normal BNP (Fisher analysis, p<0.05). In patients with BNP 
less than 18.5 pg/ml at baseline, 5% of AGI group showed abnormal BNP 
(>18.5) at 12 weeks, whereas 30% of TZD group abnormal (Fisher analysis, 
p<0.05).
Conclusion: The possibility of unfavorable BNP change should be taken into 
account when administrating TZD on mild type 2 diabetic patients.

854
Effect of pioglitazone and metformin fixed-dose combination on 
glycaemic control in untreated patients
Z. Zhao1, R. Spanheimer2, A. Perez1; 
1Takeda Global Research & Development Center, Inc., Lake Forest, 2Takeda 
Pharmaceuticals North America, Inc., Deerfield, United States.

Background and aims: The fixed-dose combination (FDC) of pioglitazone 
(PIO) and metformin (MET) uses complementary mechanisms to improve 
glycemic control in type 2 diabetes mellitus (T2DM). PIO reduces insulin 
resistance via activation of peroxisome proliferator-activated receptor γ. Met-
formin improves glycemic control primarily by suppressing hepatic glucose 
production. This study evaluated the effects of initial therapy with FDC PIO/
MET compared with the effects of each drug alone on efficacy and safety in a 
randomized, double-blind, parallel-group controlled trial in T2DM patients.
Materials and methods: These patients were on no treatment with antidi-
abetes medications for 12 weeks and had a hemoglobin A1c (A1c) ≥7.5 but 
≤10. The primary endpoint was change from Baseline in A1c of PIO/MET 
FDC (N=201) compared with PIO (N=189) or MET (N=210) monotherapy 
after 24 weeks of treatment. Fasting plasma glucose (FPG) was evaluated as 
a secondary endpoint.
Results: A significant decrease in A1c from Baseline was observed in all 3 
study groups at Week 24 (P<0.0001 compared with Baseline of respective 
group). A1c reduction was -1.83% for FDC from Baseline 8.89 vs -0.96% 
and -0.99% for PIO monotherapy from Baseline 8.69, and MET from Base-
line 8.65, respectively, demonstrating the nearly additive effects of the FDC 
relative to PIO and MET alone (P<0.0001 compared with FDC). Results for 
FPG were consistent in direction and degree in each group with A1c changes. 
FPG reduction was -39.9 mg/dL from Baseline (177.5 mg/dL) for FDC vs 
-22.2 and -24.8 mg/dL for PIO (Baseline 170.8 mg/dL) and MET (Baseline 
170.5 mg/dL) monotherapy, respectively (P<0.0001 compared with Baseline 
of respective group). Significant differences were also observed between FDC 
and each monotherapy (P<0.002). Endpoint responder (A1c ≤7%) rates were 
higher in PIO/MET FDC (63.8%) than for PIO (46.3%) and MET (38.9%) 
monotherapy. There were no significant differences in hypoglycemic event 
rate (1.0%, 0.5%, and 1.4% for FDC, PIO, MET, respectively), and total treat-
ment-emergent adverse events were similar among all 3 study groups, with 
50.7% for PIO/MET FDC and 52.1% and 53.1% for PIO and MET mono-
therapy, respectively.
Conclusion: PIO/MET FDC showed significantly improved glycemic control 
compared with monotherapy in T2DM patients as first-line therapy without 
an increase in hypoglycemia.
Supported by: Takeda Global Research & Development Center, Inc.

855
PIOace-Study: pioglitazone, but not ramipril improves thrombocyte 
function and reduces low grade inflammation in non-diabetic patients 
with increased cardiovascular risk
A. Pfützner1, M. Hanefeld2, L. Afzal-Dekordi1, J. Müller3, I. Kleine4,  
W. Fuchs4, T. Forst1; 
1R&D, IKFE Institute for Clinical Research and Development, Mainz, 
2Clinical Research, GWT, Dresden, 3Acromion, Frechen, 4Takeda Pharma, 
Aachen, Germany.

Background and aims: Non-diabetic patients with isolated vascular insu-
lin resistance suffer from reduced nitric oxide production in the endothelial 
cells. This may lead to hypertension, impaired endothelial function and a 
higher tendency for thrombocyte aggregation. The aim of this analysis was 
to investigate the effects of pioglitazone (PIO), ramipril (RAM) or their com-
bination (PIRA) on low grade inflammation and thrombocyte function in 
hypertensive patients with increased cardiovascular risk.
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Materials and methods: This placebo-controlled, double-blind, multicentre, ran-
domized, parallel study was performed with 149 non-diabetic patients (72 male, 
77 female, age: 60±9 yrs., BMI: 30.4±4.7 kg/m², duration of hypertension: 9±8 
yrs.). Patients were treated with 15/30 mg PIO (dose titration), 2.5/5 mg RAM 
or a combination thereof for 12 weeks. Efficacy parameters for this analysis were 
hsCRP, Plasminogen-activator-inhibitor I (PAI-I), thromboxane B2 (TXB2, deg-
radation product of TXA2), and endothelin-1. In addition, transforming growth 
factor 1ß (TGF1ß, reduces inflammation and activation of macrophages) and 
6-keto-prostaglandin-F1α (6K-PGF, degradation product of the vaso-dilatator 
prostacyclin) were determined in a subpopulation of 35 patients at a single site.
Results: A pronounced and general improvement of biomarkers indicat-
ing reductions of chronic systemic inflammation and thrombocyte activa-
tion was observed by (co)treatment with PIO only. There was a reduction in 
hsCRP. Baseline and endpoint values are provided in the table. RAM alone 
had a positive impact on the 6k-PGF values.

Baseline and endpoint values of the obseration parameters 
(mean±SD)
parameter week PIO (n=52) RAM (n=44) PIRA (n=53)
hsCRP [mg/l] 0 3.54±2.54 2.90±2.26 2.98±2.15

12 2.65±2.02* 3.47±2.62 2.50±1.98*
TXB2 [ng/ml] 0 2.92±3.14 2.08±2.07 2.81±3.13

12 2.32±2.50 2.53±2.93 2.45±2.86
PAI-I [ng/ml] 0 57.9±20.1 62.3±19.3 54.2±19.0

12 48.0±21.6* 62.7±20.8 47.2±19.4*
TGF1ß [ng/ml] 0 15.8±5.7 12.6±3.4 12.0±3.2

12 18.0±10.0* 12.7±4.3 12.0±2.9
6k-PGF [ng/ml] 0 2.2±1.6 1.8±1.7 1.3±1.2

12 1.2±0.9* 3.2±3.7* 1.1±1.0
*:p<0.05 vs.baseline

Conclusion: Activation of PPARγ by pioglitazone had an anti-inflammatory 
and platelet aggregation inhibiting effect in a three month treatment with 
PIO in non-diabetic hypertensive patients as shown by a mean decrease of 
hs-CRP, PAI-I and the anti-inflammatory cytokine TGF1ß, and a slight non-
significant decrease in TXB2 and endothelin-1. ACE inhibition by ramipril 
showed an increase in prostacyclin concentrations. These findings may help 
to understand the results from outcome trials regarding cardiovascular risk 
reduction performed with both drugs.
Supported by: Takeda Pharma

856
Thiazolidinediones, but not sitagliptin, exacerbate ovariectomy-induced 
bone loss in rats
T. Cusick1, J. Mu2, B. Pennypacker1, Z. Li2, K. Lu2, H. Glantschnig1,  
C. Johnson2, X. Shen2, D.B. Kimmel1, N.A. Thornberry2, B.B. Zhang2; 
1Merck Research Laboratories, West Point, 2Metabolic Disorders, Merck 
Research Laboratories, Rahway, United States.

Recent reports have established that thiazolidinediones (TZDs) increase risk 
of bone loss and fracture in non-osteoporotic fracture sites in patients with 
type 2 diabetes. Sitagliptin (Sita) represents a new class oral antihyperglycemic 
agents and is a potent, selective and once daily inhibitor of dipeptidyl pepti-
dase-4 (DPP-4). We compared the effects of rosiglitazone (Rosi), pioglitazone 
(Pio), and Sita on ovariectomy (OVX)-induced bone loss in virgin female non-
diabetic Sprague-Dawley rats (group size = ~11). Rats (18 weeks old) were 
OVXd and immediately treated once daily by oral gavage for three months 
with vehicle (Veh), Sita (100 and 300 mg/kg; both dose groups achieved ≥ 80% 
inhibition of plasma DPP-4), Rosi (5 and 30 mg/kg), Pio (5 and 30 mg/kg), or 
alendronate (ALN) (0.015 mg/kg; 2x/wk, sc). A sham-operated (Sham) group 
was included. No significant treatment-related differences in body weight 
or glucose occurred. Veh rats had significantly lower bone mineral density 
(BMD, mg/cm2) in trabecular regions of the femur than Sham. This BMD 
loss was prevented by ALN. Sita-treated rats did not differ from Veh in either 
trabecular or cortical regions. However, Rosi and Pio exacerbated OVX-in-
duced bone loss, and were below both Veh and Sita, particularly in cortical 
regions (central femur, CFBMD). The mean±SD CFBMD values were as fol-
lows: Sham: 229±14; Veh: 220±11, Rosi [5 & 30]: 213±9 and 206±9*; Pio [5 
& 30]: 212±8 and 208±7*; Sita [100 & 300]: 214±8 and 222±10; ALN: 225±7; 

*p<0.05, vs. Veh. The negative effect of the TZDs on BMD was more marked 
at the central femur, a yellow marrow site, than the distal femur, a red marrow 
site. In contrast, Sita had no effect on any BMD endpoint. Rats treated with 
TZDs also gained more fat body mass during the experiment than did Veh or 
Sita-treated rats. These animal data reveal TZD-associated regional bone mass 
changes (principally in yellow marrow sites) that appear to parallel the human 
fracture profile (concentrated in yellow marrow sites, as in cortical foot bones) 
observed with TZDs in clinical studies and demonstrate potentially important 
differences between the bone effects of Sita and TZDs.

857
Differential action of pioglitazone and metformin on hepatic fat, 
substrate metabolism and perfusion in type 2 diabetic patients
L.J. Rijzewijk1, R.W. van der Meer2, M. Lubberink3, H.J. Lamb2,  
J.A. Romijn4, A. de Roos2, J.W. Twisk5, R.J. Heine1,6, A.A. Lammertsma3, 
J.W.A. Smit4, M. Diamant1; 
1Diabetescenter, VU University Medical Center, Amsterdam, Netherlands, 
2Radiology, Leiden University Medical Center, Netherlands, 3Nuclear 
Medicine and PET research, VU University Medical Center, Amsterdam, 
Netherlands, 4Endocrinology, Leiden University Medical Center, 
Netherlands, 5Clinical Epidemiology and Biostatistics, VU University 
Medical Center, Amsterdam, Netherlands, 6Eli Lilly & Company, 
Indianapolis, United States.

Background and aims: Hepatic steatosis is frequently found in type 2 dia-
betes (T2DM) and is causally linked to features of the metabolic syndrome, 
cardiovascular and chronic liver disease. Hepatic steatosis and insulin resist-
ance are closely related phenomena and affect hepatic glucose production, 
triglyceride output and insulin clearance, but have also been implicated in 
the impairment of splanchnic glucose and fatty-acid metabolism and hepatic 
hemodynamics. Consequently, insulin sensitizing and anti-steatotic therapies 
may be beneficial in correcting hepatic physiology.
Materials and methods: Effects of 24 weeks of treatment with pioglitazone 
(30mg/day) versus metformin (2000mg/day) and matching placebo in 78 
T2DM males (mean age±SE 56.5±0.6 years, BMI 28.7±0.4 kg/m2, HbA1c 
7.1±.0.1%) without hepatic or cardiovascular disease on hepatic fat content 
were determined using proton MR-spectroscopy and positron emission tom-
ography (PET). The following PET measurements were performed: hepatic 
perfusion, fatty acid and glucose uptake using [15O]H2O, [11C]palmitate 
under fasting conditions and [18F]-2-fluoro-2-deoxy-glucose under eugly-
caemic hyperinsulinaemic conditions, respectively.
Results: Seventy-one patients completed the trial and no adverse events were 
registered. Both pioglitazone and metformin similarly improved glycemic 
control (P=0.146) and whole-body insulin sensitivity (P=0.501). Pioglitazone 
versus metformin reduced hepatic fat content (6.9 (2.6-17.4) % to 4.1 (1.9-
12.1) % versus 7.7 (3.7-23.9) to 10.7 (5.1-22.0), between-group P<0.001). Pi-
oglitazone, but not metformin, increased insulin-mediated hepatic glucose 
uptake (P=0.025) and fasting liver perfusion (P=0.044) from baseline. Nei-
ther treatment affected fasting hepatic fatty-acid uptake.
Conclusion: In spite of similar effects of pioglitazone and metformin on gly-
cemia and whole body insulin sensitivity, only pioglitazone reduced hepatic 
fat content in T2DM patients. This was associated with improvements in both 
insulin mediated hepatic glucose uptake and fasting perfusion.
Supported by: Eli Lilly, The Netherlands

858
Erythrocyte metformin concentrations and alteration of renal function
C. Briet1, M. Saraval-Gross1, L. Harry2, J.-D. Lalau1; 
1Endocrinology, Diabetology and metabolism, University Hospital of 
Amiens, 2Pharmacology, University Hospital of Amiens, Amiens-Salouel, 
France.

Background and aims: As metformin is eliminated solely by the kidney, re-
nal impairment is a logic contraindication. It is usually recommended not to 
use metformin when glomerular filtration rate (GFR) is under 60 ml/min/
1.73m2. However, since metformin clearance is 4 to 5 times that of creatinine, 
the degree of renal dysfunction associated with significant metformin accu-
mulation is not known. From transverse data reflecting clinical practice, we 
therefore studied blood metformin concentrations according to renal func-
tion. We chose erythrocyte metformin concentration which is known to be a 
better marker of chronic accumulation than that in plasma.
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Research design and methods: We studied all metformin concentrations 
measured in 2008. GFR was estimated with abbreviated MDRD equation 
(Modification of the Diet in Renal Disease). Patients were divided into five 
groups depending on the GFR corresponding to the stages of chronic kidney 
disease: GFR 0-15 (stage 5), 15-30 (stage 4), 30-60 (stage 3), 60-90 (stage 2), 
and >90 (stage 1).
Results: 126 subjects were studied: sex ratio H/F 83/43, mean age of 65±9, 
mean GFR 47.8±24.1 ml/min/1.73m2, 74.4% having a creatinine clearance < 
60 ml/min/1.73m2. The following figure describes the erythrocyte metform-
in concentrations in the different groups (means ± SD).
Conclusion: Metformin concentrations were somewhat elevated in mild re-
nal failure (stage 2) as compared to stage 1, while remaining within the nor-
mal range, but not further in stages 2, 3 and 4. Given that metformin dosage 
was reduced by half from stage 1 to stage 4, the question arises as to whether 
metformin administration could be safely continued in mild or moderate re-
nal failure provided the dose is adequately adjusted to renal function.

859
Effect of pioglitazone on proliferation of mature adipocytes
T. Ishizuka, K. Kajita, T. Hanamoto, T. Ikeda, I. Mori, K. Fujioka, H. Okada, 
T. Fujikake, Y. Uno, H. Morita; 
Department of General Internal Medicine, Gifu University Graduate School 
of Medicine, Japan.

Background and aims: Adipocyte has been believed be generated from 
multipotent mesenchymal stem cell via its precursor cell, preadipocyte, 
whereas mature adipocyte has been considered to be unable to proliferate. 
On the other hand, thiazolidinedione, anti-diabetic agent, increases subcu-
taneous fat and decrease visceral fat. However, precise mechanisms have not 
been fully understood. In this study, we investigate the mechanism that pi-
oglitazone, a thiazolidinedione, increases the number of adipocytes.
Materials and methods: Male Wistar rats were treated with or without 
0.005% pioglitazone containing food for 28 day. 5-Bromo-2’-Deoxyuridine 
(BrdU: 200 mg/kg) was intraperitoneally administered before sacrifice, and 
then each subcutaneous, epididymal and periintestinal fat was collected. Im-
munohistochemical staining of BrdU was carried out. Moreover, isolated adi-
pocytes and stromal vascular fraction (SVF) were obtained with collagenase 
digestion and then DNA was extracted. Equal amount of each DNA was ab-
sorbed in nitrocellulose sheet to quantify the BrdU uptake using anti-BrdU 
antibody. On the other hand, fully differentiated 3T3-L1 adipocytes were 
incubated with 10μM pioglitazone (Pio), populations in the G0/G1, S and 
G2/M phases were analyzed with flow cytometry. Morphological analysis and 
gene expression in these cells were also examined.
Results: Immunohistochemical study using anti-BrdU antibody revealed that 
BrdU positive cells were identified both in SVF and mature adipocuyes. BrdU 
uptake into adipocyte DNA was markedly prominent in periintestinal fat com-
pared with subcutaneous fat. Pioglitazone treatment increased BrdU uptake in 
subcutaneous fats, whereas it decreased in epididymal and periintestinal fats. Cell 
cycle analysis using flow cytometry revealed that incubation with Pio increased 
G2/M phase. In contrast, treatment with aphidicolin (Aphi), a DNA polymerase 
inhibitor, increased the population of G0/G1. 3T3-L1 adipocytes treated with 
Aphi contained large shape and abundant fat droplets. It also decreased PPARγ 
and adiponectin mRNA levels and increased MCP-1 and IL-6 mRNA levels.
Conclusion: These results suggest that pioglitazone decreases visceral fat ac-
cumulation and increases subcutaneous fat via differentiation of cell cycle, 
and that finally, mature adipocyte has the ability to proliferate.

PS 71 Insulin sensitisers 2
860
Validation of treatments for metformin monotherapy failure in type 2 
diabetic patients. A meta-analysis of randomized clinical trials
C. Lamanna, E. Mannucci, N. Marchionni, M. Monami; 
Critical Care Medicine and Surgery, Unit of Gerontology - University of 
Florence, Italy.

Background and aims: The choice of drugs to add to metformin in type 2 
diabetic patients failing to monotherapy should be formulated on the basis of 
randomized clinical trials (RCTs) performed in this specific population. This 
meta-analysis compares different agents as add-on treatments for metformin 
monotherapy failure.
Materials and methods: Placebo-controlled and active comparator RCTs 
with a duration ≥24 weeks were retrieved from Medline (any date up to No-
vember 1st,2008) and included in this meta-analysis. Data for analysis were 
extracted independently by two observers and potential contrasts were re-
solved by a senior investigator.
Results: Twelve placebo-controlled and 16 active comparator studies were 
included. In placebo-controlled studies, thiazolidinediones, alpha-glucosi-
dase inhibitors, DPP-4 inhibitors, and GLP-1 agonists produced a significant 
reduction of HbA1c at 24 weeks (OR, 95%CI: -0.3[-0.5;-0.2], -0.7[-0.9;-0.5], 
-0.8[-1.0;-0.6], and -0.7[-0.9;-0.5]%, respectively). In comparisons with 
thiazolidinediones (N= 6), insulin secretagogues produced a similar reduc-
tion of HbA1c (-0.1[-0.2;0.1]%, p=0.33) and increase of BMI (OR: -0.32[-
1.18;0.53]Kg/m2; p=0.46), with a higher hypoglycaemic risk.
Conclusion: Available data are not sufficient to establish the superiority of 
any class of hypoglycaemic drugs in the treatment of metformin monothera-
py failure. Further evidence should be collected in order to formulate a well-
validated algorithm.

861
Long-term effects of metformin on endothelial function and 
inflammation in type 2 diabetes treated with insulin: a randomized, 
placebo-controlled trial
A. Kooy1,2, J. de Jager1,3, M.G. Wulffelé1, C.G. Schalkwijk4, P. Lehert5,  
D. Bets6, A.J.M. Donker7, C.D.A. Stehouwer4; 
1Bethesda Diabetes Research Center, Hoogeveen, Netherlands, 2Department 
of Internal Medicine, Bethesda General Hospital, Hoogeveen, Netherlands, 
3Department of Ophthalmology, Academic Medical Center, Amsterdam, 
Netherlands, 4Department of Internal Medicine, Maastricht University 
Medical Center, Netherlands, 5Department of Statistics, Faculty of 
Economics, Mons, Belgium, 6Clinical Research and Development, E. 
Merck, Amsterdam, Netherlands, 7Department of Internal Medicine, Free 
University Medical Center, Amsterdam, Netherlands.

Background and aims: Three out of 4 patients with type 2 diabetes will die 
from cardiovascular disease. Treatment with metformin reduces rates of car-
diovascular morbidity and mortality in type 2 diabetes, possibly through im-
provements of endothelial function and/or reduction of low-grade inflamma-
tion. Therefore, we studied the effects of metformin on markers of endothelial 
function and low-grade inflammation in patients with type 2 diabetes.
Materials and methods: 390 insulin-treated patients with type 2 were ran-
domly allocated to either placebo or metformin. 277 subjects (= 72%) com-
pleted the trial. During a follow-up of 4.3 years, plasma samples were taken 
to measure markers of endothelial function (urinary albumin excretion, 
plasma levels of vWf, sVCAM-1, sE-selectin, t-PA and PAI-1) and markers 
of low-grade inflammation (plasma levels of CRP and sICAM-1). For each 
subject, each variable was expressed as standard deviation of difference from 
the population mean. Mean standard deviation scores (= z-scores) were cal-
culated as:
• endothelial dysfunction z-score = {urinary albumin excretion + vWf + sV-
CAM-1 + sE-selectin + t-PA + PAI-1}/6
• inflammation z-score = {CRP + sICAM-1}/2.
Results: Metformin treatment versus placebo was associated with a decrease 
in vWf of 11% (-16 to -6; p<0.001); a decrease in sVCAM-1 of 5% (-8 to -3; 
p<0.001); a decrease in t-PA of 15% (-20 to -9; p<0.001); a decrease in PAI-1 
of 21% (-31 to -9; p=0.001); and a decrease in the endothelial dysfunction 
z-score of 7% (-10 to -4; p<0.001). Changes in urinary albumin excretion 
and sE-selectin were not significant. Metformin treatment versus placebo was 
associated with a decrease in CRP of 17% (-31 to -1; p=0.036); a decrease in 
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sICAM-1 of -5% (-8 to -2; p=0.004); and a decrease in the inflammation z-
score of -5% (-10 to +1; p=0.074).
Conclusion: This is the first long-term randomized controlled trial show-
ing that metformin treatment is associated with decreases in the plasma con-
centrations of vWf, sVCAM-1, t-PA, PAI-1, CRP and sICAM-1, reflecting an 
improvement of endothelial regulation of haemostasis (vWf), of leukocyte 
adhesion (sVCAM-1), and of fibrinolysis (t-PA and PAI-1), as well as a reduc-
tion of low-grade inflammation.
ClinicalTrials.gov Identifier: NCT00375388
Supported by: Altana, Lifescan, E. Merck/Santé, Merck, Sharpe & Dohme, and 
Novo Nordisk

862
The effects of thiazolidinediones on mitochondrial function are related 
to their lipophilicity
Z. Szöcs1, B. Brunmair1, D. Dey2, C. Bolten3, K. Stadlbauer1, C. Fürnsinn1; 
1Department of Medicine III, Division of Endocrinology & Metabolism, 
Medical University of Vienna, Austria, 2Drug Discovery and New 
Pharmaceutical Development, Bexel Pharmaceuticals, Union City, United 
States, 3Exploratory Immunology, Pfizer Research, St. Louis, United States.

Background and aims: We have previously shown that thiazolidinediones 
(TZDs) inhibit cell respiration by a direct effect on isolated skeletal muscle. 
This mechanism is independent of peroxisome proliferator-activated recep-
tor-γ (PPAR-γ) and accounts for many actions of TZDs seen in vitro. Modu-
lation of cell respiration could also contribute to insulin sensitization and/or 
adverse effects of TZDs in vivo. In the present study, we compared the effica-
cies of various TZDs as inhibitors of cell respiration and noted an association 
with their respective lipophilic/hydrophilic properties.
Materials and methods: Isolated strips of soleus muscle from Sprague-Daw-
ley rats were exposed to 10 µmol/l of different TZDs for 24 h. To quantify ef-
fects on cell respiration, rates of CO2 production from palmitate and anaero-
bic glycolysis (lacate release) were measured during the last hour. ATP and 
PCr content were determined at the end of the experiment.
Results: 10 µmol/l of almost every tested TZD impaired cell respiration as 
indicated by reduced CO2 production and increased lactate release (see ta-
ble). Only BLX-1002, the most hydrophilic compound, failed to affect respi-
ration at 10 µmol/l, but it also exerted inhibitory action at higher concentra-
tions (% decrease in CO2 production: 30 µmol/l BLX-1002, -17±12%, ns; 100 
µmol/l BLX-1002, -24±8%, p<0.02%; increase in lactate release: 30 µmol/l 
BLX-1002, +24±11%, p<0.05; 100 µmol/l BLX-1002, +62±14%, p<0.001). 
Decreased respiration was accompanied by proportionate reductions in the 
ATP/PCr ratios (% decrease: pioglitazone, -27±6%, p<0.001; rosiglitazone, 
-16±6%, p<0.05; BLX-1002, -2±6%, ns). The results also revealed that com-
pounds with higher clogP values, indicative of low hydrophilicity and high 
lipophilicity, were more efficient inhibitors of cell respiration (see table). This 
conclusion is corroborated by significant correlations between clogP values 
and relative changes in CO2 production (r=-0.79; p<0.04) and lactate release 
(r=0.83; p<0.025).
Conclusion: Direct PPAR-γ-independent impairment of cell respiration is 
a group effect of TZDs which is more pronounced for more lipophilic com-
pounds. This hints at a possible location of the responsible molecular target 
in a lipophilic compartment like, e.g., the mitochondrial membrane. TZD-
induced impairment of cell respiration can reduce the cellular energy state. 
Since regular or chronic cellular energy loss seems to be a trigger for insulin 
sensitization, this mechanism could contribute to the antidiabetic effects of 
TZDs and explain why some TZDs are effective insulin sensitizers despite 
carrying relatively weak PPAR-γ-agonistic activities.

clogP values and inhibition of cell respiration by different TZD compounds; 
*p<0.05

ClogP Lactate Release CO2 Production
Troglitazone 5.58 +157±14%* -70±5%*
Ciglitazone 5.07 +82±14%* -31±3%*
Pioglitazone 3.53 +68±12%* -64±3%*
Darglitazone 3.29 +71±10%* -56±7%*
PNU-91325 3.19 +78±8%* -37±9%*
Rosiglitazone 3.02 +13±6%* -35±7%*
BLX-1002 0.39 +10±8% +29±24%

863
Relationship between salt-sensitivity and thiazolidinedione-induced 
oedema
A. Nakamura1, T. Osonoi2, Y. Terauchi1; 
1Department of Endocrinology and Metabolism, Graduate School of 
Medicine, Yokohama City University, 2Naka Kinen Clinic, Japan.

Background and aims: Although there is growing recognition that fluid 
retention and edema are common adverse effects with thiazolidinediones 
(TZDs), the underlying mechanisms remain unclear. To unravel the relation-
ship between salt-sensitivity and TZD-induced edema, we analyzed sodium 
excretion before and after administration of TZDs.
Materials and methods: After obtaining the approval of the institutional 
review board and written informed consent from the patients, we analyzed 
sodium excretion before and after 8 weeks of administration of pioglitazone 
to female subjects with type 2 diabetes who did not have heart failure, severe 
liver or renal dysfunction, or a severe infection. Before administration they 
were asked to measure daily salt excretion by using a salt monitoring system 
to measure sodium in overnight urine and to measure their blood pressure 
daily for 21 days, and when a significant correlation was found between salt 
excretion and blood pressure (correlation coefficient >0.4, p<0.05), the pa-
tient was classified as salt-sensitive.
Results: The data of the 26 patients who satisfactorily completed the follow-
up examinations were included in the analysis. Six patients (23.1%) were 
classified into a salt-sensitive group and 20 patients (76.9%) into a non-salt-
sensitive group. There were no differences between the characteristics of the 
two groups in age, body mass index, HbA1c, blood pressure, or salt excretion 
before administration of pioglitazone. After 8 weeks of pioglitazone adminis-
tration, 5 patients (19.2% of the total) had developed edema, and, surprising-
ly, all 5 subjects were salt-insensitive. We therefore divided the subjects into 
three groups based on the presence of salt-sensitivity and edema, a group that 
was not salt-sensitive and had edema (group A), a group that was salt-sensi-
tive and did not have edema (group B), and a group that was not salt-sensi-
tive and did not have edema (group C). Salt excretion after administration of 
pioglitazone was significantly lower than before pioglitazone administration 
in groups A and B, but not group C (A: -1.16 ± 0.96 gram; p<0.05, B: -0.99 ± 
0.72 gram; p<0.05, C: 0.03 ± 0.96 gram), and the hematocrit was significantly 
lower after administration in group B, but not in group A or C (A: 0.02 ± 0.68 
%, B: -1.47 ± 0.55 %; p<0.05, C: -0.21 ± 0.38 %). There were no differences in 
body weight gain among the three groups.
Conclusion: In subjects who developed edema (group A), TZD caused fluid 
retention because of sodium reabsorption, and increased fluid in the intra-
vascular space would be mobilized into the extravascular space because of 
a vascular mechanism, and edema was observed as a result. By contrast, in 
the subjects classified as salt-sensitive (group B), TZD caused fluid retention, 
but the increased fluid was retained in the intravascular space, explaining 
why they did not develop edema. In subjects who were salt-insensitive and 
did not who develop edema (group C), TZD did not cause fluid retention, 
therefore hematocrit did not decrease. Thus, TZD-induced edema would be 
caused not only by fluid retention but also by vascular hyperpermeability. In 
addition, TZD-induced edema was unrelated to body weight gain. Because 
administration of a TZD caused fluid retention in the subjects who developed 
TZD-induced edema as well as in the salt-sensitive subjects, assessment of 
sodium excretion and salt-sensitivity may be useful in preventing the adverse 
effects of TZDs.

864
Prospective study on the mechanism of weight gain by pioglitazone in 
Japanese patients with type 2 diabetes (Manda Study 1). Pioglitazone 
induced the distribution shift in abdominal adipocytes from visceral fat 
to subcutaneous fat
S. Taneda, K. Misawa, H. Nakayama, K. Tsuchida, H. Bando, N. Manda,  
Y. Akimoto, T. Nawa, S. Hagiwara; 
Diabetes Center, Manda Memorial Hospital, Sapporo, Japan.

Background and aims: We investigated the mechanism of pioglitazone-in-
duced weight gain by comparing a change in the abdominal distribution be-
tween visceral fat and subcutaneous fat.
Materials and methods: Sixty patients with type 2 diabetes without insulin 
treatment, in addition to the current medication, were taken 15 or 30 mg of 
pioglitazone throughout the period of this study and their abdominal visceral 
and subcutaneous fat tissues were compared by computed tomography before 
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and after 24 weeks of intervention. Several clinical parameters such as glyc-
emic control, congestive and metabolic state were also compared.
Results: Seven patients were withdrawn because of extensive edema (3), 
muscle pain (1), general fatigue (1), poor compliance (2). The remaining 53 
patients were subjected to analysis. HbA1c was improved in 42 patients, in-
dicating that most patients were responder to pioglitazone in terms of glyc-
emic control. Body weight was increased in 40 patients. Whereas a decrease 
in visceral adipose tissue occurred insignificantly, subcutaneous adipose 
tissue and V/S ratio were significantly increased. Human atrial natriuretic 
peptide (ANP) was increased more significantly than brain natriuretic pep-
tide (BNP). The increase in these peptides occurred even in patients without 
edema, suggesting some mechanism other than pioglitazone-related conges-
tive factor. An increase in adiponectine and the concurrent decrease in high 
sensitive reactive protein (hCRP) were also seen after pioglitazone treatment. 
These anti-atherosclerotic beneficial effects were seen even in the patients 
with weight gain or non-responders with regard to glycemic control.
Conclusion: This study clearly demonstrated the pioglitazone-induced dis-
tribution shift in abdominal adipocytes from visceral adipose tissue to sub-
cutaneous adipose tissue. This mechanism may explain pioglitazone-induced 
beneficial effects both on glucose metabolism in type 2 diabetes and athero-
sclerotic processes.

changes of parameters after taking pioglitazone
base-line 6months p

HbA1c(%) 7.4±1.0 6.5±0.6 <0.0001
BW(kg) 62.4±12.5 64.1±13.1 <0.0001
Viceral fat(V)(cm2) 103.1±47.7 98.2±51.8 N.S.(0.13)
Subcutaneous fat(S)(cm2) 148.0±85.2 166.0±99.1 <0.0001
V/S ratio 0.80±0.41 0.68±0.32 0.0001
ANP(pg/ml) 16.2±8.1 22.5±11.8 <0.0001
BNP(pg/ml) 17.5±13.6 19.6±16.9 NS(0.13)
ADP(μg/ml) 10.6±7.9 17.9±13.6 <0.0001
hCRP(mg/dl) 0.091±0.096 0.069±0.096 NS(0.22)

865
The effect of rosiglitazone on fasting plasma retinol binding protein-
4(RBP-4) in patients with type 2 diabetes
L. Renzhe1,2, L. Li1,2, G. Yang3, K. Li3, Y. Liu3; 
1The Key Laboratory of Laboratory Medical Diagnostics in the Ministry 
of Education, 2Department of Clinical Biochemistry, 3Department of 
Endocrinology, the Second Affiliated Hospital, Chongqing Medical 
University, China.

Background and aims: Retinol binding protein 4 (RBP4) has recently re-
ported as an adipocyte-secreted molecule that is highly expressed in the adi-
pose tissue of the adipocyte-specific glucose transporter 4 (GLUT4) knock-
out mice. Transgenic expression or injection of recombinant RBP4 induces 
insulin resistance, whereas experimentally decreased RBP4 levels ameliorates 
insulin resistance. In mice lacking GLUT4, rosiglitazone is found to decrease 
circulating RBP4 levels and to reduce insulin resistance. But the role of RBP4 
in human is controversial. In this study, we have investigated whether or not 
plasma RBP4 levels were different in patients with newly diagnosed type 2 
diabetes mellitus and type 2 diabetes mellitus patients with poor glycemic 
control, and also observed the effects of rosiglitazone treatment on RBP-4 
levels in poor glycemic control patients with type 2 diabetes.
Materials and methods: 34 type 2 diabetic patients with poor glycemic con-
trol on top of ongoing metformin therapy (11 men, 23 women, age 57±1.5 
years, T2DM group) and 30 sex-, age-and BMI-matched patients with newly 
diagnosed T2DM (12 men, 18 women, age 59±1.2 years, nT2DM group) 
participated the study. T2DM group patients were treated with rosiglitazone 
(4mg/d) for 12 weeks. The body composition and metabolic parameters were 
assesses. Blood samples were drawn after an overnight fast and plasma in-
sulin, FFA, HbA1c, TG, TC, LDL-C, HDL-C were measured. Plasma RBP-4 
levels were measured with a radioimmunoassay. The homeostasis model as-
sessment of insulin resistance (HOMAIR) and the homeostasis model assess-
ment of β-cell insulin secretion (HOMAIS) were calculated. The relationship 
between plasma RBP-4 levels and metabolic parameters was also analyzed.
Results: The plasma RBP-4 levels were found to be markedly increased in type 
2 diabetes mellitus patients with poor glycemic control compared with newly 
diagnosed T2DM patients (P<0.01). The addition of rosiglitazone markedly 
decreased free fatty acids, HbA1c, fasting plasma glucose, 2h postprandial 

blood glucose, HOMAIR (all P <0.01) and fasting insulin (P<0.05), but there 
were no statistical differences in plasma RBP-4 levels between pre- and post-
treatment with rosiglitazone (P>0.05). Plasma RBP-4 levels were correlated 
with sex (r=0.292, P=0.019), triglyceride (r=0.287, P=0.021) and 2h plasma 
insulin after glucose overload (2hPIns) (r=0.329, P=0.008). Multiple regres-
sion analysis showed that only 2hPIns was independent related factor with 
plasma RBP-4 levels.
Conclusion: The present work indicates that short-term treatment with ros-
iglitazone can not reduce the fasting plasma RBP-4 levels in patients with 
type 2 diabetes. Plasma RBP-4 is unlikely to be a useful biomarker of insulin 
resistance and type 2 diabetes.
Supported by: the National Natural Science Foundation of China and Chong-
qing Medical University

866
Effect of pioglitazone and metformin fixed-dose combination on hs-CRP 
and adiponectin in patients with type 2 diabetes
A. Perez1, Z. Zhao1, R. Spanheimer2; 
1Clinical Sciences, Takeda Global Research & Development Center, Inc., 
Lake Forest, 2Medical and Scientific Affairs, Takeda Pharmaceuticals North 
America, Inc, Deerfield, United States.

Background and aims: Patients with type 2 diabetes mellitus (T2DM) have 
evidence of low-grade systemic inflammation, with increased levels of pro-
inflammatory markers such as high sensitive C-reactive protein (hs-CRP) 
and decreased levels of anti-inflammatory molecule adiponectin, which may 
contribute to their risk for cardiovascular disease. Pioglitazone (PIO) is prov-
en to improve blood sugar control through increased insulin sensitivity.
Materials and methods: This 24-week, double-blind clinical trial compared 
efficacy and safety of fixed-dose combination (FDC) of pioglitazone/met-
formin (PIO/MET) (N=201) with PIO (N=189) or MET (N=210) mono-
therapy in T2DM patients who had stable HbA1c for 3 months and were on 
no antidiabetes medications. The primary endpoint was change from Base-
line in hemoglobin A1c (A1c). Changes in adiponectin and hs-CRP were 
evaluated as secondary endpoints.
Results: Median Baseline hs-CRP ranged from 2.89 to 3.55 mg/L across 
groups and decreased by Week 8 through Week 24 in all treatment groups 
(Figure top). Statistically significant decreases were observed in both PIO/
MET FDC and PIO relative to MET at Weeks 8, 16, and 20. A significant 
increase in adiponectin was observed in both PIO/MET FDC and PIO rela-
tive to MET at Weeks 16, 20, and 24 (Figure bottom), with the increase due 
to PIO alone. Change in levels of adiponectin at the final week in PIO/MET 
FDC and PIO were 7.8 and 9.2 mcg/mL, in contrast with MET treatment (-
0.3 mcg/mL). Analysis of treatment-emergent adverse events showed similar 
results among all 3 study groups, with 50.7% for PIO/MET FDC and 52.1% 
and 53.1% for PIO and MET monotherapy, respectively.
Conclusion: PIO/MET FDC improved levels of both hs-CRP and adiponec-
tin, with the major contribution due to PIO.
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867
Aleglitazar, a balanced dual PPAR α/γ activator, exerts potent insulin-
sensitizing and glucose-lowering effects in a nonhuman primate model 
of metabolic syndrome and type 2 diabetes mellitus
B.C. Hansen1, X.T. Tigno2, A. Benardeau3, M. Meyer3, E. Sebokova3,  
J. Mizrahi3; 
1Department of Internal Medicine, Pediatrics, and Physiology, University 
of South Florida, Tampa, United States, 2Department of Molecular 
Pharmacology and Physiology, University of South Florida, Tampa, United 
States, 3F. Hoffmann-La Roche AG, Basel, Switzerland.

Background and aims: An ideal peroxisome proliferator activated recep-
tor (PPAR) agonist should provide a therapeutic dose that can achieve good 
glycemic control and an improved lipid profile while being well tolerated. 
Aleglitazar is a balanced agonist for PPARα and PPARγ, designed to opti-
mize glycemic and lipid benefits, and minimize PPAR-related adverse effects, 
weight gain and peripheral edema. Competitive binding assays indicate that 
aleglitazar is a potent high affinity ligand for both PPARα and PPARγ, which 
may distinguish it from previously investigated dual PPAR agonists. Under 
natural and optimal “healthy” diet conditions nonhuman primates frequently 
develop the metabolic syndrome, and progress to prediabetes and overt type 
2 diabetes mellitus (T2DM) with features identical to those of human obesity-
associated middle-age onset T2DM. The aim of this study was to evaluate the 
effect of aleglitazar on insulin sensitivity and glucose homeostasis in obese, 
prediabetic rhesus monkeys.
Materials and methods: Following pharmacokinetic assessments with a 
single dose of 0.1 mg/kg aleglitazar and a 4-day washout, 6 insulin-resistant 

obese monkeys entered a 28-day baseline phase during which they received 
vehicle (piece of fruit). The monkeys were then treated with aleglitazar (0.03 
mg/kg/day) given orally for 42 days. Glucose, HbA1c, insulin, adiponectin 
(a surrogate marker of insulin sensitivity), triglycerides in circulation, and 
serum chemistry were measured prior to and at the end of the study.
Results: During euglycemic hyperinsulinemic clamp after insulin-stimulat-
ing conditions, glucose infusion rate increased by 60% from a mean of 7.8 
mg/fat free mass/min at basal/vehicle conditions to 12.5 mg/fat free mass/
min following administration of aleglitazar 0.03 mg/kg/day (p=0.001). This 
significant improvement in insulin sensitivity was in accordance with an 
increase in plasma adiponectin levels (from 12.8 to 33.2 μg/mL; p=0.003) 
and reductions in fasting plasma glucose and fasting insulin. Fasting plasma 
glucose was reduced by 17% in the whole group from 86.3 to 71.8 mg/dL 
(p=0.119), and by 30% in a hyperglycemic subgroup (n=3; from 102 to 71.5 
mg/dL). Normoglycemia in rhesus monkeys is 65-75 mg/dL following an 
overnight fast. Fasting insulin was reduced by 61% from 146 to 56.4 μU/mL 
(p=0.036). HbA1c was also reduced by 13% from 6.7% to 5.8% (p=0.078). 
In addition, fasting triglyceride levels in circulation decreased by 88% from 
392.7 to 48.1 mg/dL (p=0.099). Interestingly, body weight was significantly 
reduced from 20.5 to 19.5 kg (mean weight loss 4.8%; p=0.040). Biochemistry 
and hematology profiles showed no concerns about safety, and there were no 
signs of peripheral edema.
Conclusion: In prediabetic, minimally hyperglycemic monkeys, the bal-
anced dual PPARα/γ agonist aleglitazar mitigated the metabolic imbalance, 
in particular substantive and significant improvement in insulin sensitivity 
and reductions in fasting plasma glucose and HbA1c. Given the close accord-
ance between this model and the diabetic state in humans, these data indicate 
that aleglitazar may have an important role in the reduction of glycemic and 
cardiovascular risk factors in humans.
Supported by: F. Hoffmann-La Roche AG
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WISP2, a novel wnt-related adipokine, is a PPARgamma antagonist and 
promotes inflammation
S. Hedjazifar, A. Hammarstedt, L. Jenndahl, S. Gogg, U. Smith; 
Department of Molecular and Clinical Medicine, The Lundberg laboratory 
for diabetes research, Göteborg, Sweden.

Background and aims: Our recent gene expression analysis showed that the 
expression of the wnt-related molecule, WISP-2, is upregulated in the adipose 
tissue in obesity characterized by enlarged fat cells. Furthermore, WISP-2 ex-
pression correlated with different markers of inflammation and markers of 
macrophage infiltration. WISP-2 is a secreted protein and, hence, may exert 
autocrine, paracrine and possibly endocrine actions. Therefore, the purpose 
of this study was to characterize the possible role of this protein in pathogen-
esis of adipose tissue inflammation.
Materials and methods: Several cell types including 3T3 L1 preadipocytes, 
THP-1 cells (a human monocyte cell line), HUVECs (a human umbilical 
vein endothelial cell line), primary human macrophages and primary human 
preadipocytes were served as model systems for our investigation. To study 
the function of WISP-2, we used recombinant WISP-2 protein, and DNA 
constructs for overexpression or knockdown of the WISP-2 gene. The gene 
expression was analyzed with real-time RT-PCR (TaqMan). The secretion of 
cytokines were measured by multiplex electrochemiluminescence using the 
Meso Scale Discovery technology. Western blot analysis, immunoprecipita-
tions and confocal image analysis are the other methods used in this study.
Results: Interestingly, our in vitro studies have shown that WISP-2 is secreted 
from preadipocytes and has pro-mitogenic, pro-inflammatory and anti-adi-
pogenic properties in these cells consistent with its PPARgamma-inhibitory 
effect. Remarkably, we have found that conditional shRNA-mediated knock-
down of WISP-2 gene in 3T3 L1 preadipocytes induces spontaneous adi-
pocyte differentiation and the induction of several adipogenic markers like 
aP2, adiponectin and GLUT-4. The pro-inflammatory effect of WISP-2 in 
preadipocytes also raised the question whether this protein affects macro-
phage recruitment to the adipose tissue. WISP-2 increased THP-1 cell prolif-
eration as well as their binding to HUVECs. WISP-2 also induced prolifera-
tion and secretion of inflammatory cytokines in fully differentiated human 
primary macrophages. Furthermore, exposure to WISP-2 antagonized the 
action of rosiglitazone, a PPARγ ligand, and primed human macrophages 
into the M1 phenotype with marked pro-inflammatory properties.
Conclusion: The wnt-related protein WISP-2 is a novel adipokine which is 
overexpressed in obesity and has profound effects on preadipocyte differen-
tiation and inflammation. WISP-2 may play an important role for the adipose 
tissue dysfunction seen in obesity characterized by insulin resistance and in-
flammation.
Supported by: the European Commission, EUGENE2

869
DSP-7238, a novel dipeptidyl peptidase (DPP) IV inhibitor, has a 
superior selectivity and longer duration of action compared with other 
DPP IV inhibitors
Y. Furuta, M. Horiguchi, E. Sugaru, Y. Masui, M. Sakai, T. Kawamura,  
M. Ono, J. Deguchi, J. Shimakura, H. Tashibu, H. Nakahira, T. Nakagawa, 
M. Taiji; 
Drug Research Division, Dainippon Sumitomo Pharma Co., Ltd., Osaka, 
Japan.

Background and aims: DSP-7238 is a novel non-cyanopyrrolidine dipeptidyl 
peptidase (DPP) IV inhibitor currently under clinical development for the 
treatment of type 2 diabetes. The aims of studies were to investigate DSP-7238 
on the enzyme inhibition profiles in vitro and to evaluate efficacy on glucose 
tolerance in Zucker fatty (ZF) rats, pharmacokinetic (PK) and pharmacody-
namic (PD) properties in comparison with other DPP IV inhibitors. Moreo-
ver, excretion of DSP-7238 was investigated in rats and monkeys.
Materials and methods: The inhibitory potency and property was evaluated 
using plasma and recombinant enzyme including DPP IV, DPP II, DPP8, 
DPP9 and fibroblast activation protein (FAP) α with fluorogenic substrates. 
Substrate selectivity of each DPP IV inhibitor was evaluated by mass spec-
trometer with the changes in molecular weight of peptide substrates by the 

release of the N-terminal dipeptides. To examine the PK/PD profile, plasma 
concentration of compound and plasma DPP IV activity was measured for 
up to 24 hr after single oral administration of each DPP IV inhibitor. Radio 
activity was measured in urine and feces after oral administration of [14C] 
DSP-7238 in rats and monkeys to asses the excretion profile.
Results: DSP-7238 and Sitagliptin (Sita) both competitively inhibited recom-
binant human DPP IV (rhDPP IV) in vitro with Ki of 0.60 and 2.1 nM, re-
spectively. Neither vildagliptin (Vilda, Ki, 2.9 nM) nor saxagliptin (Saxa, 0.59 
nM) exhibited competitive inhibition of rhDPP IV. DSP-7238 did not inhibit 
DPP IV-related enzymes including DPP8, DPP9, DPP II and FAPα (IC50, 
>50 μM for all enzymes), whereas Vilda and Saxa showed inhibitory potential 
on DPP8 and DPP9 (respective IC50 for DPP8 and DPP9, 1.2 and 0.062 μM 
for Vilda, 0.16 and 0.053 μM for Saxa). Inhibition of GLP-1 degradation by 
DSP-7238 was apparently more potent than that of IP-10 or SDF-1α degrada-
tion. In contrast, Vilda and Saxa showed comparable inhibition for all sub-
strates tested. Following OGTT in ZF rats, DSP-7238 decreased AUC of blood 
glucose concentration in dose dependent manner with ED50 of 0.089 mg/kg, 
as well as Sita (0.326 mg/kg) and Vilda (0.172 mg/kg). Inhibition of plasma 
DPP IV activity was demonstrated with a lower dose of a DSP-7238 single 
administration at 1 mg/kg, compared with Sita and Vilda (10 and 30 mg/kg, 
respectively) to produce 80% inhibition over 8 hr. In cynomolgus monkeys, 
a single oral administration of DSP-7238 exhibited more prolonged plasma 
DPP IV inhibition and sustained PK profile compared with Sita. Following 
an oral administration of [14C] DSP-7238, the cumulative urinary excretion 
of unchanged DSP-7238 up to 48 hr postdose was approximately 5% in rats 
and monkeys. As a primary elimination pathway is not associated with renal 
excretions, it is possible that a dose adjustment for the renal insufficiency is 
not required for DSP-7238, as cautioned for Sita.
Conclusion: These data suggest that DSP-7238 is a selective and long-last-
ing DPP IV inhibitor without potential concerns on adverse reactions caused 
by inhibitions of DPP8/9 or chemokine degradation. DSP-7238 can be used 
as once-daily doses for type 2 diabetes including patients with renal insuf-
ficiency.

870
Silibinin fully reverses insulin resistance in high fructose fed-rats 
through a possible inhibition of glucose-6-phosphatase and pyruvate 
kinase metabolic pathways 
C. Sanchez-Martin1, M.N. Sanz1, D. Detaille1, F. Gomez-Peralta2,  
J.M. Recio-Cordova2, G. R-Villanueva1, J.M. Gonzalez-Buitrago3,  
M.Y. El-Mir1; 
1Department of Physiology and Pharmacology, University of Salamanca, 
2Endocrinology Unit, University Hospital of Salamanca, 3Research Unit, 
University Hospital of Salamanca, Spain.

Background and aims: Fructose-enriched diet causes insulin resistance (IR) 
and disturbances in glucose metabolism in Wistar rats. The natural antioxi-
dant silibinin (SB) has recently displayed important properties to be used in 
the treatment of type 2 diabetes. Previous studies in vitro of our group have 
shown that SB inhibits hepatic gluconeogenesis and glycolysis in perifused 
rat hepatocytes by an inhibition of both glucose-6-phosphatase and pyruvate 
kinase enzymes. The aim of this study was to explore the capacity in vivo of 
silibinin to reverse the alterations of glucose metabolism related to IR in-
duced in high fructose-fed rats, as well as the underlying mechanisms.
Materials and methods: Male Wistar rats were divided into two batches. One 
batch received a standard diet, and the other received a fructose-enriched 
diet. After 4 weeks, each batch of rats was subdivided into two groups. One 
group received SB (50 mg/kg/day, i.p. injection) for additional two weeks, 
while the other received SB vehicle. Hepatocytes were isolated from starved 
rats according to the method of Berry and Friend. They were perifused at 
37ºC with Krebs-bicarbonate-calcium saturated with O2/CO2, then titrated 
with increasing substrate concentrations of dihydroxyacetone (DHA). We 
measured glucose, pyruvate and lactate concentrations in the cellular peri-
fusate. Dihydroxyacetone phosphate (DHAP), glucose-6-phosphate (G6P), 
fructose-6-phosphate (F6P), 3-phosphoglycerate (3PG) and phosphoe-
nolpyruvate (PEP) concentrations were measured fluorimetrically in the cel-
lular fraction.
Results: In perifused hepatocytes, fructose diet increased both gluconeogen-
esis (JGlucose) and glycolysis (JL+P) as compared with control, by 25% and 22% 
respectively (DHA 2.4 mM, p<0.001). Administration of SB fully reversed 
these metabolic alterations in fructose fed rats to normal values (DHA 2.4 
mM, p<0.001). Also, fructose-enriched diet changed the relationship between 
JGlucose and DHAP, G6P or F6P as compared with control. Dietary treatment 
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increased DHAP, F6P and G6P concentrations at each steady state, giving 
a double relationship between JGlucose and DHAP, G6P and F6P. SB reversed 
this effect and normalized the relationship between JGlucose and DHAP, G6P 
or F6P. On the other hand, fructose-treated rats showed an increase of PEP 
concentration, leading to a double relationship between JL+P and DHAP or 
PEP compared with control rats. SB also prevented this alteration.
Conclusion: SB reverses metabolic alterations proper to insulin resistance in 
rats by a possible inhibition of glucose-6-phosphatase and pyruvate kinase 
enzymes. We suggest that SB could be beneficial as complementary therapy 
for the treatment of type 2 diabetes.

871
Impact of INT131, a selective PPARγ modulator (SPPARM), on 
glycaemic control in patients with type 2 diabetes in a 24 week phase 2b 
Study (INT131-007)
A.M. DePaoli1, R.R. Henry2, F.L. Dunn3, P.C. Pakele1, C.S. Mantzoros4,  
L.S. Higgins1; 
1InteKrin Therapeutics, Los Altos, 2University of California San Diego, San 
Diego, 3University of Texas Sounthwestern, Dallas, 4Harvard University, 
Boston, United States.

Background and aims: Insulin resistance is a key etiologic factor in Type 
2 Diabetes Mellitus (T2DM). INT131 is a novel, potent, non-TZD selective 
PPARγ modulator (SPARRM) designed to improve insulin sensitivity and glu-
cose metabolism while minimizing the typical side effects of the full PPARγ 
agonists: excessive weight gain, fluid retention, and CHF. In rodent models of 
T2DM, INT131 demonstrated similar insulin sensitizing and glucose lower-
ing activity as full agonist TZDs with little or no side effects. Further, INT131 
demonstrated no significant weight gain, edema, cardiac hypertrophy, or 
adipocyte replacement of bone marrow in 6 month safety studies in rodent 
and monkey. A 4 week phase 2a study of INT131 in patients with T2DM on 
no medications for their diabetes has previously demonstrated potent insulin 
sensitizing activity and glucose lowering with 1 and 10 mg INT131 QD. The 
magnitude of glucose lowering of 1 mg INT131 in that study was consist-
ent with modeled glucose lowering of 45 mg QD pioglitazone, but without 
significant TZD side effects. Based on these data, a 24 week head-to-head 
dose-finding clinical study of INT131 compared to 45 mg pioglitazone and 
placebo was carried out.
Materials and methods: INT131-007 is a 24 week double blind, placebo and 
active controlled phase 2b study with either INT131 (0.5. 1, 2, or 3 mg QD), 
pioglitazone 45 mg QD, or placebo in patients with inadequately controlled 
T2DM (HbA1c 7.5-10.0) on a stable dose of sulfonylurea with or without 
metformin. Enrollment across the US and Mexico of 372 patients was com-
pleted on March 10, 2009. Patients underwent 2 screening visits separated by 
1 week, followed by a 1 week lead-in period with home glucose monitoring. A 
glucose rescue policy focusing on FPG and HbA1c was monitored through-
out the 24 week study.
Results: Key baseline characteristics (± SD) for the INT131-007 study pa-
tients include: age 55.9 ± 9.5 yrs, duration of diabetes 8.4 ± 6.1 yrs, 47% wom-
en, BMI 32.0 ± 5.5, FPG 9.59 ± 2.30 mmol/l (172.6 ± 41.4 mg/dl), and HbA1c 
8.32 ± 0.72%. The objective of the study is to assess change from baseline in 
glycemic control (FPG and HbA1c) after 24 weeks of INT131 (0.5. 1, 2, and 3 
mg QD), or full dose (45mg QD) pioglitazone or placebo.
Conclusion: Available data support the potential of INT131 to function as 
a SPPARM to provide potent insulin sensitization and glucose reduction in 
patients with poorly controlled T2DM separate from the undue effects of full-
agonist TZDs such as weight gain and fluid retention. The design of the trial, 
baseline demographics, adverse events, and key efficacy assessments will be 
presented.

872
ARRY-403, a glucokinase activator with potent glucose-dependent anti-
hyperglycaemic activity in animal models of type 2 diabetes mellitus
R.J. Hinklin, T.D. Aicher, S.A. Boyd, K.R. Condroski, W.E. DeWolf, J.B. Fell, 
J. Fischer, P.A. Lee, M. McVean, N.A. Neitzel, A. Singh, F.X. Sullivan, W. 
Voegtli, E.M. Wallace, L.M. Williams; 
Array BioPharma, Boulder, United States.

Background and aims: Glucokinase (GK) is the rate-limiting, glucose-sens-
ing enzyme in several key tissues involved in glucose homeostasis. GK stimu-
lates insulin release in pancreas in a glucose-dependent manner, regulates 

glucose utilization and production in hepatocytes. We sought to utilize struc-
ture-based drug design to identify a potent, efficacious and safe GKA, and to 
further characterize that molecule.
Materials and methods: ARRY-403 was tested in a variety of in vitro assays 
(EC50, S0.5, predicted metabolism, permeability, physiochemical determina-
tions, broad selectivity panels for kinases, receptors, ion channels) and orally 
in normal and diabetic animal models (C57Bl/6J, ob/ob, ZDF and NONc-
NZO10/LtJ) as monotherapy and in combination with standard of care thera-
pies. Nonfasted glucose, and AUCglucose in OGTT studies, were monitored.
Results: Through iterative optimization, we identified ARRY-403 for ad-
vanced preclinical evaluation. ARRY-403 potently activates human GK 
in vitro (EC50 = 79 nM at 5 mM glucose), with an S0.5 = 0.93 mM glucose 
(ARRY-403 at 5 μM) and Vmax = 134% compared to the no activator control. 
It possesses good in vitro properties (aqueous solubility, cell permeability, 
low potential for drug-drug interactions, low predicted hepatic clearance), 
and selectivity against broad panels of receptors and enzymes. PK analyses (1 
mg/kg IV and 10 mg/kg PO) showed low IV clearance and high oral exposure 
in a number of species. ARRY-403 elicited glucose-dependent glucose-low-
ering activity in an acute OGTT study in C57Bl/6J mice (dosed 3, 10, and 
30 mg/kg, with AUC reductions of 15, 32, and 37% respectively, vs. 10% for 
sitagliptin dosed 30 mg/kg PO), with no safety issues. In a 28-day study in 
ob/ob mice, dose-dependent glucose lowering in an OGTT was demonstrated 
(reductions of 30, 49, and 62% compared to vehicle at 3, 10 and 30 mg/kg, re-
spectively, on day 28). ARRY-403 treatment resulted in fasted and nonfasted 
blood glucose levels comparable to those of normal mice. A 14 day study in 
NONcNZO10/LtJ mice dosed at 10 mg/kg resulted in a 56% AUC decrease 
from control and was as efficacious as metformin (100 mg/kg) or sitagliptin 
(30 mg/kg). Combination therapy of ARRY-403 with metformin, sitagliptin 
or pioglitazone in diabetic high fat-fed ZDF female rats resulted in greater ef-
ficacy than the comparator compounds alone (fasting, non-fasting, and post-
prandial blood glucose endpoints).
Conclusion: Based on these data, ARRY-403 shows significant promise as a 
therapeutic agent for Type 2 diabetes, and has advanced into Phase 1 clinical 
testing.

873
BI 10773, a novel and selective SGLT2 inhibitor, lowers blood glucose 
and improves glycaemic control in diabetic rodent models 
P. Eickelmann1, R. Grempler1, L. Thomas1, M. Eckhardt2, F. Himmelsbach2, 
A. Sauer3, M. Mark1; 
1Cardio-Metabolic Diseases Research, 2Chemical Research, 3Drug 
Metabolism and Pharmacokinetics, Boehringer Ingelheim Pharma GmbH & 
Co KG, Biberach, Germany.

Background and aims: BI 10773 is a novel potent and selective inhibitor of 
sodium-dependent glucose cotransporter 2 (SGLT2). SGLT2 inhibitors are a 
new and promising class of oral antidiabetic agents, which increase urinary 
glucose excretion. BI 10773 is currently under clinical development for the 
treatment of type 2 diabetes. Here, we show the in vitro potency and selectiv-
ity of BI 10773 together with the in vivo efficacy in comparison to remogli-
flozin etabonate, another SGLT2 inhibitor from a different structural class 
being in clinical development by GSK.
Materials and methods: described under results.
Results: BI 10773 has high in vitro potency for inhibiting human SGLT2 
(IC50 3.1±0.7 nM). The selectivity of BI 10773 for SGLT2 over SGLT1, SGLT4 
and SGLT5 is >2500-fold, >3500-fold and >250-fold, respectively, whereas 
remogliflozin is less potent (IC50 12+4 nM) and less selective (SGLT1 (>650-
fold), SGLT4 (>125-fold) and SGLT5 (>40-fold)). Both compounds induced 
urinary glucose excretion (UGE) and reduced blood glucose in db/db mice 
and ZDF rats. While a single oral dose of 1 mg/kg of each compound led to a 
similar increase of UGE within the first three hours post application in both 
animal models, the UGE achieved with BI 10773 over 24 hours was signifi-
cantly higher than that achieved with remogliflozin etabonate (db/db mice 
24 h UGE: BI 10773: 17.7 mmol glucose/ kg body weight vs. remogliflozin 
etabonate: 9.2 mmol glucose/ kg body weight), due to a longer duration of 
action of BI 10773. Furthermore, blood glucose was lowered in db/db mice 
and ZDF rats after single oral dosing of BI 10773 for more than 7 h. In ZDF 
rats, blood glucose 7 h post dose was still significantly lowered by 36% with 
3 mg/kg BI 10773, while remogliflozin etabonate at the same dose was inef-
fective 7 h after administration. In an OGTT in db/db mice, performed with 
1 mg/kg of both compounds, remogliflozin etabonate did not reduce glucose 
excursion. In contrast, BI 10773 reduced glucose AUC by 35%. Multiple once 
daily oral dosing of ZDF rats with BI 10773 achieved a reduction of blood 
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glucose under fed and fasting conditions. After 5 weeks of treatment, HbA1c 
was also decreased vs. vehicle treated animals by 1.5% and 2.2% with 1 mg/kg 
and 3 mg/kg BI 10773, respectively. Thus, the glucose lowering achieved with 
the SGLT2 inhibitor BI 10773 after single dosing is reflected in an improved 
glycemic control after multiple dosing.
Conclusion: In conclusion, our data show that our SGLT2 inhibitor BI 10773 
has a favourable potency and selectivity profile. In comparison to remogli-
flozin etabonate, BI 10773 has a longer duration of action in rodents in vivo, 
which most likely reflects a superior pharmacokinetic profile. Our preclinical 
data show that BI 10773 is a promising drug candidate for the treatment of 
type 2 diabetes.

874
The fructose-1,6-bisphosphatase inhibitor CS-917 generates an N-
acetylated metabolite that alters cellular lactate homeostasis
P.D. van Poelje, S.C. Potter, J. Hou, J.W. Stebbins, S.J. Hecker, M.D. Erion; 
Metabasis Therapeutics Inc., San Diego, United States.

Background and aims: CS-917 is the 1st member of a new class of antidiabet-
ic agents that reduces the overproduction of glucose by gluconeogenesis, an 
abnormality which is commonly observed in patients with T2DM. Following 
its absorption, CS-917 undergoes conversion to MB05032, a potent inhibitor 
of fructose-1,6-bisphosphatase (FBPase; IC50 16 nM). In humans, MB05032 
is extensively metabolized by N-acetylase-1 to MB05099, a long-lived me-
tabolite (t1/2 ~30 h) that is not an inhibitor of FBPase. MB05099 achieves high, 
variable plasma levels (~3-20 uM) that exceed those of MB05032 at steady 
state. To better understand the clinical profile of patients treated with CS-
917, the metabolic effects of MB05032 and MB05099 were studied in cells. 
Metformin, a mild mitochondrial respiratory chain inhibitor that is known to 
affect cellular lactate homeostasis, was included in the assays.
Materials and methods: Cultures of human hepatocytes, rat hepatocytes, and 
HepG2 cells were exposed to MB05032 or MB05099 (3-100 μM), a prodrug 
of MB05099 (10-100 μM), and/or metformin (30-3000 μM) for up to 24 h. 
LAC, pyruvate (PYR), and LAC dehydrogenase (LDH) were measured by en-
zyme-coupled spectrophotometric assays. Redox potential and ATP content 
of cells were analyzed by a dye (MTT) reduction assay and a luciferase-based 
assay, respectively. Respiration was measured with a Clark-type O2 electrode. 
Drug uptake was assessed by HPLC.
Results: Exposure of rat hepatocytes to MB05099 or metformin, but not 
MB05032, increased the intracellular LAC/PYR ratio in a concentration-de-
pendent manner by up to 2-fold, indicating a reduction in oxidative capac-
ity. Further, overnight exposure of human hepatocytes to MB05099 resulted 
in a concentration-dependent increase in the LAC/PYR ratio (up to 3-fold) 
as well as an increase in extracellular LAC levels (from 0.5 up to 1.0 mM). 
Treatment with MB05032 also increased lactate release by human hepato-
cytes, but had no effect on the LAC/PYR ratio. MB05099, which is an anion 
at physiological pH, did not penetrate HepG2 cells and was pharmacologi-
cally inactive in this cultured cell line. However, 6- to 24-h exposure to the 
prodrug of MB05099 (30 μM) yielded high intracellular levels of MB05099 
and resulted in reduced ATP content (55%), lowered redox potential (74%), 
and increased LAC levels in the growth medium (by ~100 μM). At 100 μM, 
the prodrug increased LDH release and reduced LAC release by HepG2 cells, 
which likely reflects loss of function. Consistent with the effects on cellular 
redox state, MB05099 reduced glucose-driven respiration by rat hepatocytes 
and succinate-driven respiration by rat liver mitochondria with ~12% and 
~15% inhibition, respectively, at 30 μM.
Conclusion: The current studies suggest CS-917 treatment may not only re-
duce lactate clearance by inhibition of gluconeogenesis (via generation of the 
active metabolite, MB05032), but also by reducing mitochondrial oxidation 
(via generation of the N-acetylated metabolite, MB05099). The mitochon-
drial effects may predispose patients to disturbances of acid-base balance as 
has been observed with other drugs that affect mitochondrial function. The 
current findings at clinically relevant concentrations of MB05099 may have 
safety implications for 2nd generation FBPase inhibitor MB07803, which gen-
erates an N-acetylated metabolite with similar properties to MB05099 but at 
>100-fold reduced levels in humans relative to CS-917.

875
Pronounced and rapid glucose lowering with the fructose-1,6-
bisphosphatase (FBPase) inhibitor MB07803 in poorly controlled type 2 
diabetes mellitus (T2DM) subjects
B. Gumbiner, S. Watling, M. Milad, T. Stern, A. Longcore, T. Le,  
A. Fereshetian, H. Foyt, M. Erion; 
Metabasis Therapeutics, Inc., La Jolla, United States.

Background and aims: MB07803, an oral prodrug of a potent, selective FB-
Pase inhibitor, was studied in T2DM subjects to determine safety, tolerability, 
pharmacokinetics, and glucose lowering response.
Methods: A randomized, double-blind, placebo (PBO)-controlled, ascend-
ing dose (50, 200, 400 mg Q12h), 14-day domiciled study was conducted in 
42 noninsulin-requiring T2DM subjects (mean baseline FPG=221 mg/dL, 
HbA1c=8.8%; T2DM duration=7.l years) after a 2-week wash off of antidi-
abetic therapy. Change from baseline in glycemic endpoints was analyzed.
Results: Plasma MB07803 active metabolite exposure, assessed by AUC(0-
tau)ss, increased proportionally from 50 to 200 mg Q12h dose, but not from 
200 to 400 mg Q12h dose. Dose-related glucose lowering was observed. 

Change from Baseline - Glucose Parameter
MB07803 Treatment Group 
(Q12h)

PBO-Adjusted
LSM

PBO-Adjusted
95% CI

P-value vs. 
Placebo

FPG AUC 0-6 hrs (mg•hr/dL) Day 13/14
50 mg -143 -351.7, 65.7 0.1726
200 mg -349.4 -557.1, -141.8 0.0017
400 mg -439.4 -656, -222.8 0.0002
FPG (mg/dL) Day 15
50 mg -16.4 -63, 30.1 0.4791
200 mg -58.2 -104, -12.4 0.0142
400 mg -55.1 -104.6, -5.6 0.0302
24h Glucose AUC (mg•hr/dL) Day 13/14
50 mg -763.5 -1503.5, -23.5 0.0435
200 mg -1185.7 -1926.8, -444.6 0.0026
400 mg -1507.9 -2278.5, -737.3 0.0004
24h Weighted Mean Glucose (mg/dL) Day 13/14
50 mg -30.4 -61.3, 0.5 0.0537
200 mg -49.8 -80.7, -19 0.0024
400 mg -62.2 -94.3, -30.1 0.0004

In the 400 mg group, 5 of 10 subjects manifested vomiting. Of these 5 sub-
jects, 4 were down-dosed to 200 mg Q12h and completed the trial. In the 
200 mg group, 4 subjects experienced at least 1 episode of mild nausea but 
all completed the study. In the 50 mg group, no patient experienced nausea 
or vomiting and the group’s overall adverse event profile was similar to PBO. 
Neither lactic acidosis nor consecutive lactate > 4.5 mM occurred. Noncon-
secutive, asymptomatic lactate > 4.5 mM occurred in 1 subject in association 
with glucose <60 mg/dL and symptoms of hypoglycemia during the last 2h 
of an 18h fast. 4 other subjects had asymptomatic glucose <60 mg/dL while 
fasting at least 12h.
Conclusion: MB07803 was safe at all doses and well-tolerated to a dose of 
200 mg Q12h. All doses demonstrated statistically and clinically significant 
effects on 24h glycemic measures. The 200 and 400 mg doses also showed sta-
tistically and clinically significant reductions on FPG AUC 0-6 hrs and FPG. 
These results suggest that FBPase inhibitors are capable of pronounced and 
rapid reduction of fasting and postprandial glycemia in patients with well-
established and poorly-controlled T2DM.
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The glucokinase (GK) activator mk-0599 lowers plasma glucose 
concentrations in healthy non-diabetic subjects
E.M. Migoya1, J. Miller1, T. Laetham1, L. Maganti2, K. Gottesdeiner1,  
J.A. Wagner1; 
1Department of Clinical Pharmacology, 2Department of Clinical 
Biostatistics, Merck, Rahway, United States.

Background and aims: Glucokinase (GK) activators are expected to be as-
sociated with a dual mechanism for lowering blood glucose concentrations 
- enhancement of glucose uptake, metabolism and glycogen synthesis in the 
liver and potentiation of glucose-dependent insulin secretion from pancre-
atic β-cells. MK-0599 is an orally active, potent and specific allosteric activa-
tor of GK. A double-blind, randomized, placebo-controlled, sequential panel 
study was conducted to assess the safety, tolerability, pharmacokinetics and 
glucose-lowering effects of MK-0599 in healthy non-diabetic adult male sub-
jects.
Materials and methods: Separate study panels consisting of 8 subjects each 
were randomized to receive MK-0599 or matching placebo in a 3:1 ratio, re-
spectively, in up to 5 treatment periods. Study drug was administered after an 
overnight fast and blood samples for determination of plasma glucose con-
centrations (glucometer measurements) were taken as frequently as every 5 
to 15 minutes for up to 24 hours postdose. Single 0.4- to 160-mg doses and 
13- to 100-mg doses given 3 times daily (TID) were administered to study 
participants.
Results: The pharmacokinetics of MK-0599 were less than dose-proportional 
after administration of single doses up to 160 mg, whereas the AUC was in-
creased by approximately 3-fold with TID administration compared with a 
similar dosage given as a single administration. After administration of 50 mg 
TID or more, clinically significant (compared with placebo) glucose-lower-
ing effects were observed after administration of the last dose (16 to 24 hours 
after administration of Dose #1; figure).
Conclusion: Hence, GK activators lower plasma glucose concentrations in 
healthy non-diabetic (normoglycemic) subjects and are considered to be a 
potentially novel treatment for patients with type 2 diabetes.

877
Colesevelam improves insulin resistance in diet-induced obesity (F-DIO) 
rat models by increasing release of GLP-1
G. Xu1, Q. Shang1, M. Saumoy1, J.J. Holst2, G. Salen3; 
1Medicine, University of Medicine & Dentistry of New Jersey, East 
Orange, United States, 2Department of Biomedical Sciences, University of 
Copenhagen, Denmark, 3Medicine, University of Medicine & Dentistry of 
New Jersey, Newark, United States.

Background and aims: Bile acid sequestrants have been shown to improve 
glycemic control in humans. This study investigated how colesevelam im-
proves glucose levels.
Materials and methods: Studies were carried out in an insulin-resistant 
rat model: the high energy chow-fed F-DIO rat. There were four treatment 
groups: F-DIO rats fed regular chow (control); high energy chow-fed F-DIO 

alone (HE); high energy chow containing 2% colesevelam (WC); and high 
energy chow containing 0.02% SC-435 (SC). Colesevelam HCl is a bile acid 
sequestrant and SC-435 is an ASBT inhibitor which also reduces intestinal 
bile acid absorption. After 4 and 8 wks of treatment, oral glucose tolerance 
test (OGTT) was performed and GLP-1 levels were assessed.
Results: In both the HE and SC groups, plasma glucose and insulin levels 
remained significantly higher (p<0.001) than the baseline throughout the 
OGTT. In contrast, insulin in the WC group reached peak level in 15-30 min, 
and then returned to baseline within 30-60 min. This pattern was similar 
to that in the control group. In the WC group, plasma glucose returned to 
baseline during OGTT and was lower (p<0.001) than that in the HE (-23%) 
or SC (-18%) at the 120 min timepoint. After 4 wks treatment, fasting total 
GLP-1 values in the WC group were 60% and 65% higher than in the HE and 
SC groups, respectively. After 8 wks of treatment, the fasting GLP-1 levels 
were 100% higher (p<0.05) with the WC compared to the HE group. During 
OGTT, the plasma GLP-1 levels in WC treated rats was 100% (p<0.05), 61% 
(p<0.05), and 97% higher (p<0.001) than the HE group at 15, 30 and 60 min, 
respectively. Concentrations of the potent FXR ligands (chenodeoxycholic, 
deoxycholic and cholic acids) in the portal blood did not decrease in the HE 
group but were significantly reduced in both WC (71%, p<0.001) and SC 
(77%, p<0.001) groups.
Conclusion: The results from this study suggest that colesevelam reduces 
plasma glucose levels by improving both insulin-resistance and first phase in-
sulin release in an insulin-resistant rat model. This effect is not due to reduced 
bile acid flux returned to the liver but may be related to increased fasting and 
post-prandial GLP-1 secretion. Further studies are warranted to explore how 
colesevelam results in increased GLP-1 release.
Supported by: VA Merit grant from US government and a grant from Daiichi 
Sankyo Inc.
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Postprandial glucagon levels associates with glycaemic control in Danish 
children and adolescents with new onset type 1 diabetes
M.-L.C.M. Andersen1, J. Svensson1, S. Pörksen1, J.V. Jørgensen2,  
J. Thomsen3, T. Hertel4, P. Hougaard5, L. Hansen1, H.B. Mortensen1; 
1Pediatrics, Glostrup University Hospital, 2Skejby Hospital, Århus, 
3Pediatrics, Kolding Hospital, 4Odense Hospital, 5University of Southern 
Denmark, Odense, Denmark.

Background and aims: Glucagon release is often perturbed in patients with 
type 1 and type 2 diabetes leading to a state of hyperglucagonaemia. The role 
of hyperglucagonemia on metabolic control is not fully understood. The aim 
of this study is to investigate the role of glucagon on the glycaemic control 
as assessed by stimulated blood glucose, HbA1c and insulindose adjusted 
HbA1c (IDDA1c) during the first 12 months after diagnosis.
Materials and methods: 130 children and adolescents aged < 17 years from 4 
centres in Denmark with newly diagnosed type 1 diabetes were followed for 
12 months. A 90-minutes Boost-test (mixed meal) was carried out in each pa-
tient at 1, 3, 6, and 12 months after diagnosis to characterise the residual beta 
cell function (stimulated C-peptide, and rise in post-prandial blood glucose) 
and stimulated glucagon. Postprandial glucagon, HbA1c and insulin dose ad-
justed HbA1c were analysed using linear regression in a compound symmet-
ric model over 1, 3, 6 and 12 months. Postprandial blood glucose, gender, age 
and stimulated C-peptide were included as explanatory factors. The measure 
for IDAA1c was developed by a multiple regression analysis, where a negative 
association between stimulated C-peptide (dependent variable) and HbA1c 
(-0.21, regression coefficient, p<0.001) and insulin dose (U/kg bodyweight) 
(-0.94, regression coefficient, p<0.001) (independent variables) and was cal-
culated as: IDAA1c = actual HbA1c (%) + [4 x insulin dose (U/Kg/24h)]
Results: The postprandial levels of glucagon were highly associated with the 
rise in postprandial glucose (p=0,0001). We also observed a significant posi-
tive association between stimulated glucagon levels and both HbA1c (est.: 
0.18, p=0.02) and IDAA1c (est.: 0.24 and p=0.03). In a separate model we 
found no significant relationship of glucagon and postprandial blood glucose 
at 1 month when residual beta cell function is present. However, by 3, 6 and 
12 months after diagnosis the rise in postprandial glucose was associated with 
increased glucagon levels (est.: 2.55, 2.78, 3.08 with corresponding p-values: 
<0.0001, 0.0191, 0.0016). In the same model postprandial glucagon levels as-
sociated significantly with HbA1c at 3 and 6 months (p=0.05 and <0.0001) 
after diagnosis and with IDDA1c only at 6 months (0.0052).
Conclusion: The rise in blood glucose associates with postprandial glucagon. 
Our data also suggest that postprandial glucagon associates with worsening 
of the glycaemic control. Therapies aimed at blocking the effects of glucagon 
might improve glycaemic control.

879
Diabetic ketoacidosis at diagnosis in Austrian children - a population 
based analysis 1989-2008
E. Schober1, T. Waldhoer2, B. Rami1, Austrian Diabetes Incidence Study 
Group; 
1Department of Paediatrics, 2Department of Epidemiology, Center of Public 
Health, Medical University Vienna, Austria.

Background and aims: Diabetic ketoacidosis (DKA) is a life-threatening 
complication of type 1 diabetes present in 15- 67 % of children at the time 
of diagnosis. Studies on the prevalence vary widely but most of them are 
hospital based. The aim of our study was to analyze the prevalence of onset 
ketoacidosis during a period of 20 years (1989-2008) population based in the 
whole of Austria.
Materials and methods: In a prospective population based incidence study 
all newly diagnosed patients with diabetes ≤15 years of age were registered 
by the Austrian Diabetes Incidence Study Group. The completeness of the 
case-ascertainment was >93 % with a uniform completeness of ascertainment 
over time. The registered data set comprises blood glucose, pH, ketonuria and 
clinical symptoms of DKA at manifestation. DKA was defined as pH < 7.3 
and severe DKA as pH < 7.1. Time trends were estimated by linear regres-
sion models
Results: During the study period 3331 children < 15 years of age (1797 boys 
and 1534 girls) were registered with type 1 diabetes in the incidence data 

base. 1238 (37.2%) presented with DKA, 855 (25.7%) had a mild DKA (pH 
7.1) and 383 (11.5%) a severe form (pH<7.1), one patient died at onset. The 
frequency of DKA was negatively associated with age at onset. In children <2 
years the frequency of DKA was 60 % (p < 0.0001). In this age group a trend 
to more DKA episodes in girls was observed (70% vs. 54%, p <0.05 ). Mean 
blood glucose at diagnosis was significantly higher in children presenting 
with DKA (563.8 ±226.4 mg/dl vs. 443.4 ± 183.3 mg/dl, p < 0.0001). Despite 
a significant increase in diabetes incidence in Austria during the observation 
period from 8.4/100 000 to 18.5/100 000 ( p < 0.0001) no significant change 
in the prevalence of DKA at manifestation could be observed within the same 
time period.
Conclusion: The overall frequency of DKA in children with newly diagnosed 
type 1 diabetes in Austria is still high and did not change in the last 20 years 
despite a clear increase in the manifestation rate. Especially young children < 
2 years of age have a high risk of DKA at onset. Efforts to reduce the occur-
rence of onset DKA must be focused upon earlier diagnosis and intervention 
in newly diagnosed patients.

880
Ketoacidosis at diabetes onset is still frequent in children and 
adolescents: a multicentre analysis of 14,664 patients from 106 
institutions
S.E. Hofer1, A. Neu2, B. Karges3, R. Oeverink4, J. Rosenbauer5, R.W. Holl6, 
the DPV Science Initiative and the German BMBF Competency network for 
Diabetes Mellitus; 
1Department of Pediatrics, Medical University of Innsbruck, Austria, 
2Department of Pediatrics, University of Tübingen, Germany, 3Department 
of Endocrinology and Pediatrics, University of Aachen, Germany, 4Medical 
practice for children and adolescents, Oldenburg, Germany, 5Deutsches 
Diabeteszentrum, University of Duesseldorf, Germany, 6Department of 
Epidemiology, University of Ulm, Germany.

Background and aims: We aimed at analyzing the frequency, clinical charac-
teristics, risk factors and trends associated with the occurrence of ketoacido-
sis at the onset of type 1 diabetes mellitus, on the basis of long-term follow-up 
data.
Materials and methods: A total of 106 paediatric diabetes centres in Ger-
many and Austria participated in this study. Data was collected between 1995 
and 2007 by means of a diabetes software programme for prospective docu-
mentation (DPV). The data of 14,664 patients with type 1 diabetes were suit-
able for evaluation. Ketoacidosis (DKA) was defined and classified according 
to the ISPAD consensus guidelines: mild DKA, 7.2 ≤ pH < 7.3; moderate 
DKA, 7.1 ≤ pH < 7.2; severe DKA: pH < 7.1).
Results: DKA (pH values < 7.3) was observed in 21.1% of patients. The fre-
quency of DKA, including the severe form, remained unchanged through-
out the 13 years’ observation period. The frequency of DKA was particularly 
striking among children < 5 years of age (26.5%) and in patients with a mi-
gration background (27.3%). DKA occurred more frequently among girls 
(21.8%) than in boys (19.4%).
Conclusion: Ketoacidosis occurring at diabetes onset continues to be a dif-
ficult problem. Our data show no significant change in the frequency and 
magnitude of DKA over the last 13 years.
Supported by: BMBF, Bundesärztekammer, Deutsche Diabetes-Stiftung, DFG, 
EFSD/NovoNordisk grant, Dr. Bürger Büsing-Stiftung, NAFDM, Novo Nordisk, 
Kompetenznetz Diabetes mellitus

881
YKL-40 is elevated in type 1 diabetic children which show components 
of metabolic syndrome compared to those without, as well as to healthy 
control subjects
T. Hoertenhuber1, F. Hoellerl1, C. Hoebaus1, A. Steffan1, M. Grujicic1, B. 
Rami2, E. Schober2, G. Schernthaner3, R. Koppensteiner1,  
G.H. Schernthaner1; 
1Angiology, Medical University of Vienna, 2Pediatric and Adolescent 
Medicine, Medical University of Vienna, 3Medicine I, Rudolfstiftung 
Hospital, Vienna, Austria.

Background and aims: Despite therapeutical advances in glycemic control 
in type 1 diabetes mellitus (T1DM) in children and adolescents, the risk for 
cardiovascular morbidity and mortality before the age of 40, is still increased 
up to 30-fold compared to non-diabetic controls. The mechanisms behind are 
still not clear. Recent studies showed, that the protein YKL-40, which is in-



S 346 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

volved in endothelial dysfunction and vascular inflammation, is co-responsi-
ble for plaque rupture in cardiovascular disease (CVD). Thus we investigated 
YKL-40 in T1DM children and adolescents.
Materials and methods: In the current study YKL-40 was measured in 153 
children and adolescents with T1DM. As control group (CO) 24 healthy 
gender-matched subjects from 7 to 19 years were defined. The presence of 
risk factors for CVD, metabolic syndrome and vascular inflammation was 
studied. YKL-40 levels were measured using a commercially available ELISA 
(Quidel Corporation, San Diego, CA). Inter-assay coefficient of variation 
(CV) was 12.4%, and intra-assay CV was 6.9%. Statistical analyses were done 
with students’ unpaired t-test, ANOVA, correlation analysis and multivariate 
regression modeling as appropriate.
Results: T1DM children and adolescents showed significantly elevated YKL-
40 levels: T1DM: 44.08± 46.04 ng/ml vs. CO: 34.04±11.83 ng/ml; p=0.025. 
Analysing the T1DM patients responsible for the difference, we discovered 
a sub-group of patients with high YKL-40 levels. We defined a cut-off limit 
of mean of the total study population plus one standard deviation; approxi-
mately 80 ng/ml. Thus we obtained 138 patients below this limit and 15 
above. The T1DM sub-group with YKL-40 > 80 ng/ml showed significant 
differences (T1DM, YKL-40 80 ng/ml) for systolic blood pressure (BP): 
114±15 vs. 122±13 mmHg; p=0.034; for body mass index (BMI): 21.4±4.0 vs. 
24.0±3.9 kg/m2; p=0.021; for triglycerides (TG): 108±80 vs. 213±172 mg/dl; 
p<0.001; for VLDL: 19±11 vs. 28±10 mg/dl; p=0.009; fasting glucose: 155±84 
vs. 155±85 mg/dl; p=0.971; for gamma-glutamyl-transferase (GGT): 16±5 
vs. 24±12 U/l; p=0.027; C-reactive protein (CRP): 0.3±0.4 vs. 0.5±0.5 mg/dl; 
p=0.046.
In a next step, univariat regression analysis in the T1DM patients was per-
formed. Univariat significant predictors for YKL-40 (age, diastolic BP, BMI, 
TG, GGT, CRP) were further analyzed by multivariate regression. GGT 
(beta=0.379, p<0.001) and TG (beta=0.318, p<0.001) were revealed to be 
significantly associated with YKL-40. The single most independent predictor 
was GGT (beta=0.538, p<0.001).
Conclusion: This is the first study which investigated YKL-40 in non-diabetic 
as well as in T1DM children and adolescents. YKL-40 was significantly higher 
in T1DM and especially high in those with concomitant cardiovascular risk 
factors like hypertension, hyperlipidemia, elevated weight, and systemic in-
flammation, all parameters being involved in an insulin resistance/metabolic 
syndrome. Recently it was postulated, that the increased CVD risk in T1DM 
might be associated with an underlying “metabolic” like syndrome. Our find-
ing of elevated YKL-40, which is involved in plaque rupture, might explain 
how this “metabolic” like syndrome evolves to cardiovascular events.

882
Predictors of recurrent diabetic ketoacidosis in children and adolescents 
with type 1 diabetes. Experience from a large multicenter data base
M.J. Fritsch1, J. Rosenbauer2, E. Schober1, A. Neu3, K. Placzek4, R. Holl5, 
German competence network diabetes mellitus and the DPV initiative; 
1Department of pediatrics and adolescent medicine, Medical University 
of Vienna, Austria, 2Institute of Biometrics and Epidemiology, German 
Diabetes Center at Heinrich Heine University Düsseldorf, Germany, 
3University Children´s Hospital of Tübingen, University of Tübingen, 
Germany, 4Clinic for child and adolescent medicine, Medical University of 
Halle-Wittenberg, Germany, 5Institute of Epidemiology, University of Ulm, 
Germany.

Background and aims: Diabetic ketoacidosis (DKA) remains the leading 
cause of hospitalisation and death in children and adolescents with estab-
lished type 1 diabetes despite DKA preventing strategies in diabetes educa-
tion. Thus the aim of this study was to determine the risk factors for recurrent 
DKA in a large cohort of children and adolescents with previously diagnosed 
type 1 diabetes.
Materials and methods: This study is an observational investigation using 
the DPV (Diabetes-Patienten-Verlaufsbeobachtung) -Wiss data base con-
taining clinical data on 28 770 type 1 diabetic patients < 20 years of age at 
follow up from Germany and Austria. DKA was defined as pH< 7.3 and/or 
hospital-admission due to DKA. Data are presented as mean ± SEM of the 
latest year of therapy if not otherwise stated. DKA at manifestation was not 
included in the analysis. DKA rate is given as incidence of DKA per 100 pa-
tient years. Statistical analyses were performed using Wilcoxon rank sum test 
and multiple Poisson regression analyses.
Results: Mean age of the study cohort was 13.96 ± 3.97 years (mean ±SD) 
(47.9% females). 94.12% had no episode of DKA, 4.85% of patients presented 
with 1 episode and 1.03% of patients with recurrent DKA (≥ 2 episodes). 

When comparing patients without, with one or recurrent DKA, age at mani-
festation (p<0.01), HbA1c (p<0.001) and insulin dose (p<0.001) were signifi-
cantly higher in patients with recurrent DKA. According to multiple Poisson 
regression incidence of DKA was found to be significantly higher in female 
patients (females: 7.3 ±0.46 males: 5.81±0.23; p=0.03) and in patients with 
positive migration background (migration background: 7.81±0.56 vs. no 
migration background: 6.33±0.27; p=0.02). Children of the age group 10-15 
years were at significantly higher risk (<5y.: 3.23 ±0.66, 5-10y.: 3.34 ±0.30, 10-
15y.: 8.04 ±0.34; 15-20y.: 6.68 ±0.44; p<0.01) as well as children with longer 
duration of diabetes (≤ 2 y: 5.69 ±0.49, 2-5 y.: 6.68 ±0.30, 5-10 y.: 6.19 ±0.27; 
> 10 y.: 7.60±1.20; p<0.05). No significant association was found with the type 
of treatment (CT: 5.44±0.42; ICT: 7.01±0.35, CSII 5.71±0.33) or centre size 
(<100 patients: 6.49 ±0.26 vs.> 100 patients: 7.09±0.72).
Conclusion: In a large cohort of European paediatric patients with type 1 
diabetes the rate of DKA was found to be significantly higher in females, in 
children with a positive migration background in early teenage years. Further 
risk factors were age at onset and duration of diabetes.

883
Rapid GlucoseSpray: an innovative tool to control hypoglycaemia and 
improve HbA1c in children with type 1 diabetes
E. Pronina1, C. Guglielmi2, H. Petraikina3, M. Antsiferov3, O. Duchareva3, 
P. Pozzilli2; 
1Endocrinology Department, Morozovskaya Children City Clinical 
Hospital, Moscow, Russian Federation, 2University Campus Bio Medico, 
Roma, Italy, 3Morozovskaya Children City Clinical Hospital, Moscow, 
Russian Federation.

Background and aims: Hypoglycaemia continues to be a composite situation 
to tackle especially in children up to 5 years of age because of difficulties in 
administering the correct dose of glucose as well as child compliance. Aim 
of the this study was to evaluate the effect of administering small amounts of 
glucose through the Glucose RapidSpray (GRS) during first signs of hypogly-
caemia in children affected by type 1 diabetes (T1D) to estimate whether 
such treatment was able to improve the metabolic control over a period of 
9 months follow up. This device consists of a 19 ml bottle containing 10 g 
glucose solution with the addition of artificial flavours and excipients to fa-
cilitate buccal absorption delivering by spray puffing glucose in quantities as 
small as 0.5 grams.
Materials and methods: We designed an open randomized trial in 27 T1D 
children up to 5 years of age. They were randomly allocated into two groups: 
group A) GRS (10 to 20 puffs of GRS, 0.5 g to 1 g glucose) depending on 
hypoglycaemic symptoms; group B) traditional treatment of hypoglycaemia 
episodes (sugar, fruit juice, candies, etc). The following factors were evaluated 
at entry into the trial, at 3 and 6 months follow-up, and at the end of the study 
(9 months): HbA1c, number and characteristics of hypoglycaemic episodes, 
compliance to treatment and quality of life of children and their parents.
Results: HbA1c at at entry was 9.4% ± 1.2 in group A and 9.1% ± 0.6 in group 
B (p NS). After 3 months both groups showed a significant improvement in 
HbA1c with no differences between groups (group A: 8.7% ± 1, group B: 
8.6% ±0.7) which further improved at 6 months (group A: 8.4% ± 0.9, group 
B: 8.4% ±0.6) and at the end of the study (group A: 7.8% ± 0.5, group B: 8.2% 
± 0.3). There was a statistically significant difference in the improvement of 
the HbA1c in the GRS treated group vs. control group over the period of 
observation (1.63% vs. 0.86% difference, respectively, p=0.02, paired T test). 
Moreover, children in group A showed a tendency for less severe hypoglycae-
mic episodes during the day compared to group B during the whole obser-
vational period.
Conclusion: A more acceptable and practical tool to control and manage 
hypoglycaemia especially in toddlers and young children represents a very 
relevant therapeutic issue. GRS is able not only to reduce the risk of hypogly-
caemia but to improve the overall metabolic control, as shown by a reduction 
of HbA1c.
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Phenotypes of prediabetes and non alcoholic fatty liver disease in obese 
children and adolescents
M. Manco1, A. Gastaldelli2, G. Bedogni3, C. Tiribelli3, F. Agosti4, G. Grugni4, 
A. Sartorio4; 
1Direzione Scientifica, Ospedale Pediatrico Bambino Gesù, IRCCS, Roma, 
2Istituto di Fisiologia Clinica, Fondazione Toscana Monasterio e CNR, Pisa, 
3Centro Studi Fegato, AREA Scientifica e Tecnologica, Basovizza, Trieste, 
4Istituto Auxologico Italiano, IRCCS, Verbania e Milano, Italy.

Background and aims: Obesity is becoming epidemic especially in the youth. 
It associates not only with disturbed carbohydrate metabolism but also with 
non alcoholic fatty liver disease.
Aim of this study was to assess the association between fatty liver, diagnosed 
by ultrasound, and disordered metabolic status.
Materials and methods: We have studied 541 children (age 8-18 years) with 
various degrees of obesity (BMI 24.4-62 kg/m2). In all subjects we evaluated 
metabolic profile, glucose tolerance by OGTT (using a dose of 1.75 g glucose/kg 
body weight to a maximum of 75 g), presence of fatty liver (FL) by ultrasonog-
raphy, insulin resistance by HOMA and Matsuda index, beta cell function by 
the ratio of AUC of insulin to glucose measured every 30min during OGTT.
Results: Children with FL had higher levels of fasting glucose, insulin, trig-
lycerides, ALT, AST, GGT, mean OGTT glucose. Moreover, FL subjects had 
impaired glucose tolerance (IFG/IGT/DM was present in 5/55/3 and 0/24/2 of 
children with and without FL, p<0.001), increased insulin resistance (HOMA 
and Matsuda-index) and slight decreased, although not significant, beta cell 
function. In a multivariate model, fatty liver was the strongest predictor of 2h 
and mean OGTT glucose and of reduced insulin sensitivity (Matsuda-index), 
after correcting for gender, BMI, age and liver enzymes. No significant as-
sociation was found with altered beta cell function.
Conclusion: Screening for presence of fatty liver by ultrasound can identify 
young subjects with altered glucose metabolism and be a target for improving 
metabolic dysfunction.

885
Effect of overweight/obesity on cardiometabolic risk profile in children 
with type 1 diabetes
M. van Vliet1,2, J.C. van der Heyden3, M. Diamant4, I.A. von Rosenstiel1, 
R.K. Schindhelm5, H.J. Aanstoot3, H.J. Veeze3; 
1Pediatrics, Slotervaart Hospital, Amsterdam, 2VU University Medical 
Centre, Amsterdam, 3Pediatrics, Diabeter, Rotterdam, 4Diabetes Center, VU 
University Medical Centre, Amsterdam, 5Clinical Chemistry, Isala Clinics, 
Zwolle, Netherlands.

Background and aims: Although cardiometabolic risk factors are abundant-
ly present in overweight children, only few studies have assessed the preva-
lence of these factors in paediatric cohorts with type 1 diabetes (T1DM). The 
aim of this study was to determine and compare the prevalence of traditional 
cardiometabolic risk factors and to assess the effect of overweight/obesity on 
these risk factors in a cohort of normal and overweight/obese children with 
T1DM.
Materials and methods: This cross-sectional study included 283 consecutive 
patients (aged 3-18 years) attending a dedicated out-patient clinic for T1DM 
care. After stratification for weight status, the prevalence of cardiometabolic 
risk factors, the metabolic syndrome (according to a modified paediatric defi-
nition), and high alanine aminotransferease (ALT; a marker of liver steatosis), 
were assessed.
Results: Out of 283 children (median age 12.8 years, interquartile range 
[IQR] 9.9-16.0, median diabetes duration 5.3 years, IQR 2.9-8.6), 67.5% was 
aged ≥11 years, and 38.5% were overweight/obese (Z-BMI ≥1.1). Median 
HbA1C levels were 8.2%, IQR 7.4-9.8, and HbA1C ≥7.5% was present in 
73.9%. Microalbuminuria was found in 17.7%, high triglycerides in 17.3%, 
high LDL-cholesterol in 28.6%, low HDL-cholesterol in 21.2%, and high 
blood pressure in 13.1% of the children. The vast majority had a positive 
family history for either type 2 diabetes or cardiovascular disease (63.3%), 
while smoking was only reported by 3.9%. In total, 95.1% of children had 
one or more of the nine forementioned cardiometabolic risk factors, 31.4% 
of children showed exactly two risk factors, and the percentage of children 
with more than three risk factors was still 20.8%. A higher prevalence of the 
metabolic syndrome (7.3% vs. 1.7%), ALT >30 IU/L (15.6% vs. 4.5%) and 
high blood pressure (22.9% vs. 5.7%) were found in overweight/obese as 
compared to normal-weight children (all P<0.05).

Conclusion: Cardiometabolic risk factors were frequently present a paediat-
ric cohort of children with T1DM, however, only hypertension, the metabolic 
syndrome and ALT >30 IU/L were more abundant in overweight/obese com-
pared to normal weight children.

886
Calcitriol administration in the youth reduces bone turnover and may 
prevent bone loss in type 1 diabetes 
N. Napoli1, D. Pitocco2, E. Di Stasio2, C. Bizzarri3, D. Maggi1, R. Strollo1,  
I. Barchetta1, C. Suraci4, P. Pozzilli1, IMDIAB group; 
1Università Campus Bio-Medico, 2Università Cattolica del Sacro Cuore, 
3Ospedale Pediatrico Bambino Gesù, 4Ospedale Sandro Pertini, Rome, Italy.

Background and aims: In patients affected with type 1 diabetes (T1D), some 
factors such as a lack of anabolic effects of insulin and amylin on bone mass 
cause both a bone loss in adults and a lower peak of skeletal mass in younger 
subjects. According to several studies, vitamin D may reduce bone turnover 
and prevent bone loss in non diabetic patients. However, considering also 
the effect of vitamin D in reducing insulin requirement in type 1 diabetes 
patients, this compound might be considered as a novel therapeutic adjuvant 
in this disease. The objective of this study was to determine the effect of 1 year 
treatment with calcitriol on bone turnover in subjects with T1D by analyzing 
Osteocalcin (a bone formation marker) and β-CrossLaps (a bone resorption 
marker).
Materials and methods: In a double blind study designed to evaluate the 
effect of calcitriol to preserve beta cell function in recent onset T1D, we have 
investigated the effect of this treatment on bone turnover markers. A group 
of 25 subjects with recent-onset T1D and baseline C-peptide > 0.25 nM, were 
randomized to calcitriol at 0.25 µg daily dose or placebo (1:1) and followed-
up for 1 year. Osteocalcin and β-CrossLaps, were evaluated by ECLIA meth-
od (modular E170, Roche Diagnostics, Mannheim, Germany) at diagnosis 
and at 1 year follow-up.
Results: At 1 year follow-up osteocalcin and β-CrossLaps dropped by 38.6% 
and 47.3%, respectively in the calcitriol treated group but their levels were 
not significantly different compared to diagnosis due to high variability. No 
significant differences were also found at 1 year comparing calcitriol vs. the 
placebo group for both osteocalcin (25.1±3.6 (sem) ng/mL vs 46.1±14.2 
(sem) ng/mL, respectively; P=0.157) and β-CrossLaps (0.29±0.6 (sem) ng/
mL vs 0.48±0.1 (sem) ng/mL, respectively; P=0.151). However, by stratify-
ing patients according to age, we found that at 1 year follow-up as compared 
to diagnosis, calcitriol treated patients <18 years of age (mean age 16 years 
± 1.46) showed statistically significant 61% drop of osteocalcin (68.8±17.6 
(sem) ng/mL vs 26.8±11.5 (sem) ng/mL, respectively, p=0.04) and a 67% 
reduction in β-CrossLaps (0.92±0.77 (sem) ng/mL vs 0.31±0.08 (sem) ng/
mL, respectively, p=0.09). In this age range, patients on calcitriol therapy vs. 
placebo showed at 1 year follow-up a trend for lower osteocalcin (74.2±23.7 
(sem) ng/mL vs 26.8±4.8 (sem) ng/mL, respectively, p=0.08) and significantly 
lower β-CrossLaps (0.76±0.15 (sem) ng/mL vs 0.31±0.1 (sem) ng/mL respec-
tively, p=0.03). Differences were not statistically significant in patients older 
than 18 years of age.
Conclusion: Our preliminary data suggest that in young subjects with T1D 
calcitriol therapy for 1 year at dose of 0.25 µg daily decreases bone remodel-
ling and may contribute to preserve bone mass in T1D related osteopenia.
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Changes of glycaemic control, anthropometric parameters and fasting 
lipid profiles in patients with type 2 diabetes mellitus starting insulin 
therapy with premixed insulin analogues BID
V. Pīrāgs1, M. Dąbrowski2, M. Sait Gönen3, A. Ertekin4, S.P. Cleall5,  
B. Mozejko-Pastewka6, J. Kiljanski6; 
1Pauls Stradins’ Clin Univ Hosp, Riga, Latvia, 2Diabetic Outpatient Clinic, 
Rzeszow, Poland, 3Selcuk Univ, Konya, Turkey, 4Lilly Res, Istanbul, Turkey, 
5EuMIS Statistics, Lilly Res, Erl Wood, United Kingdom, 6Lilly Area Med 
Ctr, Vienna, Austria.

Background and aims: Weight gain associated with initiation of insulin 
treatment in type 2 diabetes mellitus (T2DM) and its metabolic consequences 
remain an important concern in clinical practice. It is not well understood 
how initiation of conventional insulin regimen with insulin analogues affect 
distribution of adipose tissue and body weight changes. We report here an-
thropometric and lipid endpoints from a study of premixed insulin analogues 
(PIA; 75% insulin lispro protamine suspension, 25% insulin lispro or 70% 
insulin aspart protamine suspension, 30% insulin aspart).
Materials and methods: Body weight (BW), BMI and distribution of adipose 
tissue (waist circumference [WC], hip circumference [HC], WHR) and fast-
ing lipid profiles were recorded along with HbA1c in T2DM pts starting PIA 
BID after failure of oral antihyperglycemic medication (OAM) in a 1-year, 
prospective, observational study conducted in Europe, Middle East and Asia. 
Data were summarized using means (SD), 95% CIs, percentages. P-values for 
changes from baseline were calculated using t-tests.
Results: Out of 1139 enrolled, 991 (87%) pts completed the study (595 
[52.2%] males, age 57.9 (10.1) years, diabetes duration of 9.3 (5.9) years, body 
weight 81.5 (15.9) kg, BMI 29.2 (4.7) kg/m2, baseline HbA1c 9.9 (1.8) %). Ini-
tial daily dose of PIA 35.9 IU (13.7) increased to 41.4 IU (19.4). 951(83.5%) 
patients received insulin in combination with one or more OAMs (656 [69%] 
pts with 1, 267 [28.1%] with 2, 27 [2.8%] with 3, and 1 [0.1%] patient with 4 
OAMs). 546 patients (48.6% of enrolled pts) received at least one hypolipae-
mic medication (504 [92.3%] pts 1, 41 [7.5%] 2, 3 [0.2%] pts 3) during the 
observation period. In patients who completed 12 months of follow-up, fol-
lowing mean changes were observed: HbA1c decreased by 2.5% (CI 2.4-2.7); 
BW and BMI increased by 1.5kg and 0.6kg/m2 (Table); WC and HC increased 
by 0.7cm (CI 0.5-1.0; p<0.001) and by 0.5cm (CI 0.3-0.8; p<0.001). There was 
no observed change in WHR. Total and LDL cholesterol and triglycerides 
decreased (p<0.001) whereas HDL cholesterol increased from baseline (< 
0.001) (Table).
Conclusion: Following introduction of premixed insulin analogues in a 
group of patients with type 2 DM observed for 12 months glycemic control 
and fasting lipid profiles improved. No changes in mean WHR were observed 
despite increases in mean body weight, BMI, waist and hip circumferences. 

Change of HbA1c, weight and fasting blood lipids (N=1139; n=patients with observed 
measures)
Characteristic Baseline

mean (SD), n
After 12 months
mean (SD), n

Change from 
Baseline
mean (95% CI), n

P-value

HbA1c (%) 9.9 (1.8), 1098 7.3 (1.1), 951 - 2.5 (2.4-2.7), 938 < 0.001
Weight (kg) 81.5 (15.9), 1139 83.6 (14.9), 978 + 1.5 (1.3-1.8), 978 < 0.001
BMI (kg/m2) 29.2 (4.7), 1138 29.9 (4.4), 978 + 0.6 (0.5-0.7), 978 < 0.001
Waist-to-hip ratio 1.0 (0.1), 1013 1.0 (0.1), 880 0.0 (0-0), 870 0.472
Total cholesterol 
(mg/dL)

207.4 (46.9), 1057 191.5 (34.8), 806 - 17.2 (14.3-20.0), 
778

< 0.001

HDL (mg/dL) 44.8 (13.1), 988 46.7 (15.8), 791 + 2.1 (0.9-3.2), 749 < 0.001
LDL (mg/dL) 125.8 (38.1), 982 115.0 (30.8), 791 - 10.9 (8.5-13.3), 737 < 0.001
Triglycerides 
(mg/dL)

200.3 (133.9), 1050 167.5 (83.7), 813 - 37.0 (29-45.1), 786 < 0.001

Supported by: Eli Lilly & Co. AE, JK, BM-P and SPC are employees of Eli Lilly 
& Co.
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Improved glycaemic control in over 11,000 elderly patients from the 
IMPROVETM Study of biphasic insulin aspart 30/70 (BIAsp 30) in eight 
countries
V. Borzi1, S. Shah2, V.K. Knudsen3; 
1Department of Internal Medicine, Vittorio Emanuele Hospital, Catania, 
Italy, 2S.L. Raheja Hospital, Mumbai, India, 3Epidemiology, Novo Nordisk, 
Bagsvaerd, Denmark.

Background and aims: IMPROVETM is an international, open-label, non-
randomised, non-interventional, 26-week observational study of biphasic in-
sulin aspart 30/70 (BIAsp 30) in patients with type 2 diabetes in routine clini-
cal practice. The analysis presented here examines whether elderly patients, 
given their generally poorer disease status and longer diabetes duration, can 
benefit from BIAsp 30 therapy.
Materials and methods: Enrolled patients aged ≥65 years (N=11,988) were 
initiated on, or switched to, BIAsp 30 during routine care. Safety and effec-
tiveness data were obtained at baseline and 26 weeks. Where available, analy-
sis was also performed according to pre-study treatment (no pharmaceutical 
therapy, oral antidiabetic drugs [OADs] only, and insulin±OADs).
Results: Patients had a mean (standard deviation, SD) age of 71.3 (5.2) years, 
weight of 69.8 (14.5) kg, body mass index (BMI) of 26.3 (4.9) kg/m2, diabetes 
duration of 10.4 (7.4) years and HbA1c of 9.18% (1.88%). Mean HbA1c de-
creased by 2.1% by study end (p<0.0001; Table 1). Significant reductions in 
HbA1c were also observed when analysed according to pre-study therapy: no 
therapy -3.2%, OADs only -2.1%, insulin±OADs -1.7% (all p<0.0001). Mean 
fasting blood glucose (FBG) and postprandial plasma glucose (PPBG) after all 
main meals also improved significantly. The rate of major and minor hypogly-
caemic events decreased significantly during the study (both p<0.0001). There 
was a small increase in body weight. BIAsp 30 dose increased by 0.06 IU/kg 
from baseline to final visit. The HbA1c target of <7% with no hypoglycaemia 
was achieved by 33.1% of patients (n=3972, mean HbA1c [SD] 6.3% [0.5%]).
Conclusion: The IMPROVETM study demonstrates that BIAsp 30 exerts benefi-
cial effects in terms of blood glucose control in patients aged ≥65 years with long 
diabetes duration. These positive effects appear independent of prior diabetes 
therapy, and are accompanied by significant reductions in rates of hypoglycae-
mia. BIAsp 30 therapy may be of particular advantage to older patients, as start-
ing and intensifying therapy is simplified when only one type of insulin is used.
Table 1
Variable N=11,988 . Mean (SD) n
HbA1c, %Hb Baseline

Final visit
Change

9.2 (1.9)
7.1 (1.1)
-2.1 (1.9)*

7184

FBG, mmol/L Baseline
Final visit
Change

10.5 (3.3)
6.7 (1.4)
-3.9 (3.4)*

8128

PPBG (breakfast), mmol/L Baseline
Final visit
Change

14.5 (4.6)
8.5 (1.9)
-6.0 (4.6)*

5901

PPBG (lunch), mmol/L Baseline
Final visit
Change

13.3 (4.1)
8.5 (1.8)
-4.8 (4.1)*

2911

PPBG (dinner), mmol/L Baseline
Final visit
Change

12.3 (3.6)
8.0 (1.5)
-4.3 (3.8)*

2093

Major hypoglycaemic events per patient 
year

Baseline
Final visit
Change

0.15
0.01
-0.14*

9954

Minor hypoglycaemic events per patient 
year

Baseline
Final visit
Change

3.84
3.06
-0.78*

9959

Weight, kg Baseline
Final visit
Change

69.1
69.3
0.2*

9866

BIAsp 30 dose, IU/kg Baseline
Final visit
Change

0.38 (0.20)
0.44 (0.20)
0.06 (0.17)

9834

*p<0.0001 for comparison of baseline vs. final visit. SD, standard deviation; 
FBG, fasting blood glucose; PPBG, postprandial plasma glucose; BIAsp 30, 
biphasic insulin aspart 30/70.

Supported by: Novo Nordisk
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Lower treatment costs with insulin glargine compart to insulin detemir 
as part of a basal-bolus regime in type 2 diabetes: results from the LIVE-
COM study in Germany
R.A. Bierwirth; 
Diabetes Centre, Ambulance, Essen, Germany.

Background and aims: The basal insulin analogues glargine (GLA) and de-
temir (DET) are well-established in the treatment of diabetes. In addition to 
clinical aspects the economic impact of basal insulin analogues on health care 
expenditures is of importance. The aim of this study was to compare resource 
utilization and costs incurred by a basal-bolus insulin regimen in type 2 dia-
betes (T2D) patients when using either GLA or DET as basal insulin from 
the perspective of the Statutory Health Insurance (SHI) in Germany under 
real-life conditions.
Materials and methods: LIVE-COM was a non-interventional, cross-sec-
tional, retrospective study performed between April and September 2008 in 
randomly selected primary care practices in Germany. T2D patients with SHI 
status were eligible for documentation if aged ≥18 years and either using GLA 
or DET as part of a basal-bolus regimen for ≥6 months prior to documenta-
tion. The primary objective was to compare the mean direct diabetes-specific 
treatment costs (DTC) between the GLA and DET groups over 6 months. 
DTC comprised antidiabetic medication (insulins, oral antidiabetics), nee-
dles, blood glucose self-monitoring (test strips, lancets), and hypokits to treat 
severe hypoglycaemia. Mean costs were adjusted for relevant influencing 
factors by analysis of covariance (ANCOVA). Differences in means were re-
garded significant with a 2-sided p<0.05.
Results: LIVE-COM enrolled a total of 1731 T2D patients from 138 pri-
mary care practices (GLA, 1150; DET, 581). Patient characteristics for the 
GLA (53.3% male) and DET (48.7% male) groups were (mean±SD): age 
(66.0±10.7 vs. 64.7±10.1 years, p=0.01), BMI (31.3±5.8 vs. 32.7±6.2 kg/m2, 
p<0.01), HbA1c (7.5±1.2 vs. 7.7±1.2 %, p<0.01), and fasting blood glucose 
(140±46 vs 148±48 mg/dl, p<0.01). Diabetes duration (>10 years: 60.0% vs. 
59.0%, n.s.,onset of first insulin therapy (>5 years: 61.6% vs. 64.4%, n.s, and 
number of diabetic complications and risk factors (mean±SD: 3.0±1.7 vs. 
2.9±1.6, n.s.) were similarly distributed in both groups. Adjusted mean DTC 
per patient and 6 months were lower in the GLA compared to the DET group 
(€932 vs. €1060, p<0.01). The adjusted average DTC savings were €128 (95% 
CI: €90; €167; p<0.01) per patient. Adjusted mean single costs in the GLA 
and DET groups were: basal insulin €223 vs. €246 (p<0.01), bolus insulin 
€241 vs. €289 (p<0.01), needles €67 vs. €80 (p<0.01), test strips €347 vs. €393 
(p<0.01), lancets €14 vs. €16 (n.s.), oral antidiabetics €37 vs. €36 (n.s.), and 
hypokits €2 vs. €1 (n.s.). Mean daily total insulin dose of 27.7/40.3 U (basal/
bolus) was found to be significantly lower in the GLA compared to 32.1/47.1 
U in the DET group (p<0.01). GLA patients had fewer basal insulin injections 
per day (1.1 vs. 1.3, p<0.01) and required also less test strips per day for blood 
glucose self-monitoring (3.2 vs. 3.6, p<0.01) compared to DET patients. Re-
ported hypoglycaemic events, hospitalization rates and frequency of physi-
cian contacts did not differ between the GLA and DET groups.
Conclusion: Under real-life conditions, a glargine vs. detemir based basal-
bolus regimen was associated with considerable lower costs of diabetes care 
from the SHI perspective in a 6-month head-to-head comparison in T2D 
patients.
Supported by: LIVE-COM

890
Insulin glulisine has a faster onset of action than insulin aspart
U. Hövelmann1, S. Arnolds1, K. Rave1, A. Fischer1, C. Sert-Langeron2,  
T. Heise1; 
1Profil Institut für Stoffwechselforschung, Neuss, Germany, 2sanofi-aventis, 
Paris, France.

Background and aims: Insulin glulisine (GLU) might have a faster onset of 
action than do other short-acting analogs owing to its zinc-free formulation. 
We compared the pharmacokinetics and pharmacodynamics (PK/PD) of 
GLU with those of insulin aspart (ASP) in a euglycaemic clamp study per-
formed in healthy volunteers.
Materials and methods: Twelve healthy subjects (six male; mean±SD age, 
42±12 years; BMI, 24.6±2.2 kg/m²; normal HbA1c and fasting plasma glucose) 
participated in this randomised, double-blind, crossover, euglycaemic glucose-
clamp trial. After an overnight fast, subjects were connected to a Biostator and, 
after establishing baseline for a period of 90 minutes, received 0.2 U/kg of either 

GLU or ASP sc in the abdomen. Glucose infusion rates (GIRs) were automati-
cally adjusted every minute by the Biostator to maintain blood glucose levels at 
5% below the individual fasting value for 10 hours post-dosing.
Results: Shortly after injection, insulin concentrations and early metabolic 
activity were significantly greater with GLU than with ASP, as indicated by 
a higher AUC[INS 0-30min]/AUC[INS total] ratio (p=0.0001) and a nearly 
twofold higher area under the GIR curve (AUC[GIR 0-30 min]; p=0.0421) 
(Table). Shorter times to 10 and 20% of INS[max] (p=0.0005 each) and a 50% 
shorter time to 10% of GIR[max] (p=0.0146) showed a significantly faster 
insulin absorption and onset of action for GLU than for ASP, whereas INS 
t[max] and total metabolic activity (AUC[GIR total]) were comparable.
Conclusion: Similar to previous comparisons with insulin lispro, GLU also 
shows an earlier onset of action than does ASP, probably because of its zinc-
free formulation.

Insulin glulisine versus aspart: PK/PD results
GLU ASP p-value

AUC[INS 0-30 min]/AUC[INS total] 0.07 (0.04) 0.04 (0.03) 0.0001
INS t[10%] (min) 3 (0-15) 12 (1-15) 0.0005
INS t[20%] (min) 8 (1-22) 19 (5-22) 0.0005
INS t[max] (min) 90 (40-120) 90 (50-150) 0.6406
AUC[INS t10%] (min) 38 (22-55) 45 (26-58) 0.0164
AUC[GIR0-30 min] (mg/kg) 30 (26) 16 (18) 0.0421
AUC[GIR total] (mg/kg) 2167 (715) 2256 (588) 0.6066
GIR t[10%] (min) 9 (2-23) 17 (3-20) 0.0146
GIR t[20%] (min) 14 (7-34) 22 (9-30) 0.0435
Data are mean (SD) or median (range)

Supported by: sanofi-aventis
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Use of rapid-acting insulin aspart reduces costs and cardiovascular 
complications in type 2 diabetes when compared with human insulin
R.F. Pollock1, W.J. Valentine1, T.L. Thomsen2, H. Nishimura3; 
1Ossian Health Economics and Communications GmbH, Basel, Switzerland, 
2Novo Nordisk A/S, Virum, Denmark, 3Osaka Saiseikai Nakatsu Hospital, 
Japan.

Background and aims: The NICE study was a five-year, open-label, rand-
omized controlled trial which compared cardiovascular outcomes in Japa-
nese type 2 diabetes patients intensively treated with human insulin (HI) or 
insulin aspart (IAsp), a rapid-acting insulin analog. The within-trial cost-ef-
fectiveness of IAsp versus HI was evaluated from the perspective of a third-
party healthcare payer.
Materials and methods: A cost-effectiveness model was developed in Micro-
soft Excel® based on mortality data, cardiovascular events and resource use 
information from 5 years of observation in the NICE study. Cardiovascular 
events/interventions captured in the model included: myocardial infarction, 
angina pectoris, percutaneous coronary intervention, coronary artery bypass 
grafting, transient ischemic attack and cerebral infarction. Mortality and car-
diovascular event probabilities were derived from the annual rates observed 
during the trial period. Health-related quality of life (HRQOL) was estimated 
in the model by applying HRQOL scores in the year of the event and, in the 
case of myocardial and cerebral infarction, in subsequent years as a health 
state utility. Event costs were expressed in 2008 Japanese Yen (JPY) and were 
calculated from hospital receipt data supplied by the Japanese Medical Data 
Center. Insulin costs were obtained from the trial. Other pharmacy costs (e.g. 
oral antidiabetic agents and concomitant medications) were assumed to be 
the same in both treatment arms and were not captured in the analysis. Life 
expectancy, quality-adjusted life expectancy, cardiovascular event rates and 
costs were evaluated over a 5-year time horizon (in line with the NICE study). 
All future costs and clinical benefits were discounted at 3% annually. Sensitiv-
ity analyses were performed.
Results: Over five years of treatment, IAsp was dominant (life- and cost-
saving) versus HI. Compared with HI, IAsp was associated with a small im-
provement in discounted life expectancy of 0.005 years (4.688 versus 4.683 
years) and an improvement in quality-adjusted life expectancy of 0.034 
quality-adjusted life years (QALYs) (3.787 versus 3.753 QALYs). IAsp also 
incurred lower costs (JPY 470,753 versus 579,974, difference -109,221) when 
compared with HI. The reduction in cost resulted from the decreased inci-
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dence of cardiovascular events with IAsp (0.013 events per patient year versus 
0.030 on HI). Breakdown of costs indicated that drug costs were higher with 
IAsp (JPY 337,066 versus 267,781), however these costs were more than offset 
by the reduced costs associated with cardiovascular complications over five 
years of treatment.
Conclusion: In a Japanese type 2 diabetes population, prescribing rapid-act-
ing insulin aspart significantly reduced cardiovascular complications, result-
ing in increased quality of life and decreased costs when compared with hu-
man insulin.

892
Insulin detemir and insulin glargine have similar effects on hepatic 
glucose metabolism
M.C. Moore1, M.S. Smith1, M. Turney1, T.D. Farmer1, P. Williams2; 
1Molecular Physiology & Biophysics, 2Surgery, Vanderbilt University, 
Nashville, United States.

Background and aims: Insulin detemir (Det) is an insulin analog that binds 
reversibly to albumin. These studies were designed to compare direct effects 
of Det and insulin glargine (Glg), another basal insulin analog, on hepatic 
glucose production. The studies also compared the indirect effects of the two 
analogs, elicited via delivery of insulin into the peripheral circulation and 
the brain.
Materials and methods: Studies were carried out in chronically catheterized 
overnight fasted conscious dogs using arteriovenous difference and tracer 
techniques. Pilot studies were done to establish Det and Glg infusion rates 
that would suppress net hepatic glucose output (NHGO) ≈50% during hepat-
ic portal vein insulin infusion (Low Insulin; 0.1 and 0.3 mU.kg-1.min-1, respec-
tively). For the primary (non-pilot) studies, a primed continuous infusion of 
[3-3H]glucose began at 0 min, basal sampling occurred from 90-120 min, and 
a euglycemic pancreatic clamp was carried out from 120-540 min. During the 
clamp, somatostatin was infused i.v. and glucagon was replaced intraportally 
at a basal rate. Dogs received Det or Glg into the hepatic portal vein (Po), a 
peripheral vein (IV), or the head (H; bilateral carotid and vertebral arteries) 
(6 groups, n=5-6/group). Low Insulin was infused from 120-420 min and 
High Insulin (4× Low Insulin) was infused from 420-540 min. Biopsies from 
the liver and hypothalamus were taken at the end of study.
Results: Arterial plasma glucose was 114±1, 110±1, and 108±1 mg/dl (Basal, 
Low Insulin, and High Insulin, respectively), and arterial plasma glucagon 
was 38±2, 38±2, and 34±1 ng/l. Neither parameter differed among groups. 
Basal NHGO (1.5±0.2 mg.kg-1.min-1); glucose Ra (2.2±0.3 mg.kg-1.min-1); and 
arterial plasma NEFA (916±45 µM) did not differ among groups. Data from 
the last h of Low and High Insulin are shown in the Table.
In Det Po, IV, and H, respectively (n=3/group), liver p-Akt (µg/mg protein) 
was 100±17, 115±10, and 139±46; in hypothalamus, it was 26±0.8, 36±14, 
and 28±10. In Glg Po, IV, and H, respectively (n=3/group), liver p-Akt was 
71±19, 113±21, and 132±48; hypothalamus p-Akt was 21±2, 26±9, and 28±5 
(no significant differences between groups or among routes).
Conclusion: Det and Glg have similar effects on the regulation of hepatic 
glucose metabolism in vivo. Portal and IV Det delivery reduces circulating 
NEFA to a greater extent than Glg, suggesting a greater indirect effect on 
hepatic glucose production.

Clamp data (mean±SE)
NHGO
(mg.kg-1.min-1)

Glucose Ra
(mg.kg-1.min-1)

GIR
(mg.kg-1.min-1)

NEFA
(µM)

Low 
Insulin

High 
Insulin

Low 
Insulin

High 
Insulin

Low 
Insulin

High 
Insulin

Low 
Insulin

High 
Insulin

Det Po 0.8±0.2 0.1±0.3 1.1±0.2 0.6±0.4 3.2±0.9 8.3±1.9 143±24 86±21
Glg Po 0.6±0.2 0.1±0.1 0.9±0.1 0.4±0.3 2.4±0.6 6.8±1.3 306±76* 123±41
Det IV 0.5±0.5 -0.3±0.3 2.3±0.5 1.6±0.5 4.3±1.3 12.5±3.6 125±39 90±38
Glg IV 0.1±0.3 -0.7±0.2 1.6±0.3 1.2±0.2 5.2±2.2 13.4±2.8 243±28* 62±22
Det H 0.7±0.4 -0.6±0.4 1.7±0.2 0.8±0.6 2.0±0.7 7.8±0.9 249±38 138±31
Glg H 0.4±0.3 -0.9±0.3 1.7±0.3 0.9±0.3 2.8±0.7 11.6±1.8 194±40 113±46
Negative values=net uptake. GIR, glucose infusion rate. *P<0.05 vs corresponding Det 
group

Supported by: Libra grant award (Novo Nordisk)
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Baseline HbA1c predicts the likelihood of reaching the 7.0% HbA1c 
target with structured titration of add-on insulin glargine: patient-level 
analysis of 12 studies in type 2 diabetes mellitus
R. Zhou1, A.A. Vlajnic2, D. Orloff1, J. Rosenstock3, M. Riddle4; 
1Medpace, Inc, Cincinnati, 2sanofi-aventis, Bridgewater, 3Dallas Diabetes 
and Endocrine Center, Dallas, 4Oregon Health & Science University, 
Portland, United States.

Background and aims: Addition of insulin glargine with systematic dos-
age titration can improve glycemic control to 7.0% HbA1c or better in many 
patients with type 2 diabetes mellitus (T2DM) not well-controlled with oral 
agents. Baseline HbA1c may be a useful predictor of reaching this target.
Materials and methods: We report here an analysis of patient-level data 
pooled from 12 randomized controlled studies with similar design, including 
structured basal insulin titration seeking fasting plasma glucose ≤100 mg/dL 
(≤5.5 mmol/L), to determine the likelihood of reaching 7.0% HbA1c and the 
frequency of hypoglycemia when starting from various baseline HbA1c lev-
els.
Results: Data are from 2312 T2DM patients (mean [±SD] age 58.4±10.1 y; 
BMI, 31.0±5.45 kg/m2; baseline HbA1c 8.78±1.06%) after 24 weeks of treat-
ment. Among 12 studies , at study end (mean 24weeks ), HbA1c was 7.07% 
(range 6.73%-7.45%) and 55.0% of patients (range 41%-78%) reached 
≤7.0%. Mean HbA1c reduction from baseline was 1.71% and the value at 
24 weeks correlated strongly with baseline HbA1c; continuous data for both 
variables was used (Pearson correlation coefficient=0.39, P<0.0001). Higher 
baseline HbA1c correlated with greater reduction from baseline (Pearson 
correlation coefficient=-0.62, P<0.001). The table shows HbA1c reductions 
from baseline, percentages of patients achieving HbA1c ≤7.0%, and rates of 
symptomatic or severe hypoglycemia for ranges of baseline HbA1c. Among 
patients with baseline HbA1c <8.0%, 75.4% achieved the target HbA1c 
≤7.0%.
Conclusion: Despite greater reductions from baseline HbA1c, those patients 
in higher baseline HbA1c ranges were less likely to reach ≤7.0%. The risk 
of hypoglycemia was not significantly related to baseline HbA1c, using this 
structured titration of basal insulin glargine. 

Editorial support provided through the sanofi-aventis US Group
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Glycaemic outcomes 1 year after initiation of insulin glargine or detemir 
in type 2 diabetes in the US
L. Blonde1, L. Vaur2, P. Levin3, D.M. Kendall4; 
1Ochsner Medical Center, New Orleans, United States, 2sanofi-aventis, Paris, 
France, 3MODEL Clinical Research, Baltimore, United States, 4International 
Diabetes Center, Minneapolis, United States.

Background and aims: To date, there are limited data on glycemic control 
comparing initiation of insulin glargine (GLAR) or detemir (DET) in the 
clinical setting.
Materials and methods: A database of 47 US managed care plans was ana-
lyzed to determine the real-world experience with the 2 therapies in patients 
enrolled between March 2005 and 2008 who were treated with oral antidi-
abetic agents before initiating GLAR (n=11,861) or DET (n=2285).
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Results: Patient characteristics from the 6 month (baseline) prior to initiation 
of GLAR vs DET included mean age of 54 years in both groups. Fewer patients 
initiating GLAR (12%) vs DET (25%) were seen by endocrinologists. Baseline 
A1C was similar in both groups (9.4% [GLAR] vs 9.6% [DET], p=0.49). The 
percentage of patients with any medical claim for hypoglycemia during the 
6-month baseline period was 4.8% in GLAR vs 3.9% in DET (p=0.073). 23% 
of GLAR vs 10% of DET patients had been hospitalized (p<0.001) during the 
baseline period with an average of 8.2 vs 5.4 hospital days, respectively. 23% 
in GLAR vs 16% in DET used emergency services (p<0.001). Hospital insu-
lin initiation occurred in 9.4% of GLAR vs 3.7% of DET patients (p<0.001). 
Unadjusted 1 year A1C change from baseline was -1.3% with GLAR (n=1303) 
vs -1.0% with DET (n=289) (p=0.037). The unadjusted percentage of patients 
who achieved A1C < 7% was 26.7% in GLAR group vs 22.6% in DET group 
(p<0.069) one year after initiation. Adjustment for age, sex, baseline A1C, hy-
poglycemia, diabetes medication, access to an endocrinologist, hospitalization, 
Charlson comorbidity index score, concomitant medication, and total daily 
insulin dose resulted in an adjusted mean A1C at 1 year of 7.8% for GLAR vs 
8.2% for DET (Δ=0.4%, p=0.04) and 8.1% vs 8.6% (Δ=0.5%, p=0.01) among pa-
tients who had initiated insulin in an ambulatory clinic (excluding patients who 
initiated insulin in a hospital). Excluding patients with hospitalizations during 
the baseline period, adjusted mean A1C at 1 year was 8.0% for GLAR vs 8.6% 
for DET (Δ=0.6%, p=0.005). Average daily insulin dose was modestly higher in 
DET vs GLAR (36 vs 31 U, p<0.001). The 2 groups did not differ in the rate of 
claims for hypoglycemia (7.3% for GLAR vs 6.6% for DET, p=0.275).
Conclusion: Patients initiating GLAR vs DET as basal insulin in real-world 
clinical settings demonstrated greater A1C improvement with no increase in 
medically coded hypoglycemia.
Editorial support provided through the sanofi-aventis US Group
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Effects of insulin glargine vs thiazolidinediones on glycaemic and lipid 
variables in type 2 diabetes mellitus: the impact of obesity
P. Dandona1, N. Rosenberg2, P. Hollander3, J. Rosenstock4, L. Meneghini5; 
1SUNY at Buffalo, 2sanofi-aventis US, Bridgewater, 3Baylor University 
Medical Center, Dallas, 4Dallas Diabetes and Endocrine Center, 5University 
of Miami Miller School of Medicine, Miami, United States.

Background and aims: Obesity is a common risk factor for diabetes and may 
affect the therapeutic response to antidiabetic medications. We compared the ef-
fect of baseline BMI on glycemic and lipid variables in patients with uncontrolled 
type 2 diabetes mellitus (T2DM) (glycated hemoglobin A1C [A1C] >7.0%).
Materials and methods: This post hoc analysis of pooled data from 2 simi-
larly designed randomized controlled studies compared insulin glargine 
(GLAR) vs thiazolidinediones (TZDs) added to oral therapy: rosiglitazone 
(ROSI) added to metformin (MET) + sulfonylurea (SU) combination ther-
apy or pioglitazone (PIO) added to SU or MET monotherapy. This analysis 
was stratified by obesity class: BMI<30 kg/m2 (n=183); BMI ≥30-34 kg/m2 
(n=170); BMI ≥35-39 kg/m2 (n=103); and BMI ≥40 kg/m2 (n=95).

Results: Overall, reductions in A1C, fasting plasma glucose (FPG), low-density 
lipoprotein cholesterol (LDL-C), and total cholesterol (TC) were greater in the 
GLAR arm (N=264) than in the TZD arm (N=288) (P<0.0005). In patients with 
BMI <30 and BMI ≥30-34, GLAR significantly reduced A1C and FPG compared 
with TZDs (P<0.05); this difference was attenuated with increasing BMI. GLAR 
was associated with more favorable changes in triglycerides (TG), LDL-C, and 
TC in all BMI groups, and in non-esterified fatty acids (NEFA) at all BMIs ex-
cept ≥40. Differences were statistically significant for the following: TC in all 
BMI groups except ≥40 (P<0.005); LDL-C when BMI was ≥30-34 and ≥35-39 
(P<0.05); and NEFA when BMI was <30 (P<0.05). High-density lipoprotein cho-
lesterol (HDL-C) increased significantly (P<0.005) with TZDs in all BMI groups. 
There was no consistent pattern in TG, NEFA, and TC changes by BMI. Effects 
on lipid variables varied with the TZD used in each study, with more favorable 
changes associated with PIO vs ROSI. Hypoglycemia was more frequent with 
GLAR. Weight gain was greater with TZDs (P=0.0024) and there was a progres-
sive increase in weight gain across BMI groups with TZDs, but not with GLAR.
Conclusion: Despite more frequent episodes of hypoglycemia, GLAR more 
effectively improved glycemic control than did TZDs, particularly at lower 
BMI, and was associated with less weight gain and more favorable changes in 
TG, LDL-C, TC, and NEFA in less obese patients. 
Editorial support provided through the sanofi-aventis US Group
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Treatment patterns and persistence among elderly patients with type 2 
diabetes: data from a US managed care claims database
S. Gravenstein1, S.F. Thompson2, R.G. Stefanacci3; 
1Alpert Medical School of Brown University and Quality Partners of Rhode 
Island, Providence, 2sanofi-aventis, Bridgewater, 3University of the Sciences 
in Philadelphia, Philadelphia, United States.

Background and aims: The ADA/EASD consensus statement for the man-
agement of type 2 diabetes mellitus calls for lifestyle intervention plus met-
formin, followed by the addition of basal insulin or sulfonylurea. In the elder-
ly population, diabetes remains suboptimally managed owing to greater frail-
ty, impaired cognition, and comorbidities, with <50% of patients following 
current guidelines. While a general treatment consensus needs to be better 
defined for this population segment, achieving glycemic control for most eld-
erly patients should be prudent and individualized as functional disabilities 
and/or comorbidities often increase the complexity of diabetes management.
Materials and methods: This longitudinal retrospective cohort study as-
sessed treatment patterns among patients (≥65 years; n=182,458) with at least 
1 diabetes medication prescription claim from 2004 to 2007 using a national 
managed care claims database of 46 health plans, and tracked medication 
changes from their initial treatment record in the data: 1 oral antidiabetic 
drug (OAD) 39.75%, 2 OADs (28.06%), ≥3 OADs (9.80%), OAD + insulin 
(11.46%), and insulin only (10.93%) therapies.
Results: From 2004 to 2007 the number of patients staying on therapy de-
creased as the number of OADs increased. Treatment persistence remained 
highest in patients using insulin who were more likely to stay on therapy: 
patients staying on 1 OAD were 87.58% in 2004 vs 86.39% in 2007; 2 OADs, 
82.23% vs 78.25%; ≥3 OADs, 79.36% vs 69.55%; OAD + insulin, 83.95% vs 
80.74%; and insulin only, 93.79% vs 93.94%. Compared with a younger cohort 
(18-64 y), a smaller proportion of elderly patients used metformin (43.90% 
vs 63.20%), but not sulfonylurea (41.96% vs 21.31%). Transition of therapy 
occurred in a greater proportion of patients from metformin or sulfonylurea 
monotherapy, as well as 2 OADs, to multiple combinations including the use 
of insulin glargine over the same period (Table). Average prescription cost 
was also less for patients on insulin and insulin + OAD therapies compared 
with ≥3 OADs or other combination therapies with exenatide.
Conclusion: Although metformin is the preferred initial oral agent, it may 
not be appropriate for older patients with comorbid conditions, such as re-

nal or cardiac disease. As more elderly patients with diabetes are switching 
to multi-agent regimens, greater adherence to recommended treatment al-
gorithms should be emphasized and individualized to improve outcome in 
diabetes-related quality measures, such as those covered under the Physician 
Quality Reporting Initiative, and avoid unnecessary costs.
Editorial support provided through the sanofi-aventis US Group
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Medical costs in a US managed care cohort with oral antidiabetics 
maintenance therapy in type 2 diabetes patients who achieved HbA1c <7.0
B.J. Pandya1, M. Bron1, A.P. Yu2, K. Chen2, E. Wu2, A. Kaltenboeck2,  
M. Mattson2, S. Sun1; 
1Takeda Pharmaceuticals North America, Inc., Deerfield, 2Analysis Group, 
Inc., Boston, United States.

Background and aims: One-year medical costs were evaluated for patients 
with type 2 diabetes mellitus (T2DM) treated with sulfonylurea (SU), piogli-
tazone (PIO), or metformin (MET) as maintenance therapy after achieving a 
target HbA1c < 7.0%.
Materials and methods: T2DM patients treated with SU, PIO, or MET mon-
otherapy were identified in the Ingenix Impact database (01/01/00-03/31/07), 
a large managed care claims database including medical, pharmacy and en-
rollment records. Inclusion criteria were: 1) continuous insurance enrollment 
6 months before and 12 months after the date of glycemic goal achievement 
of HbA1c < 7.0% (the index date); 2) a baseline HbA1c value > or = 7.0%; 3) 
exclusive use of the study medication during the 6-month baseline period; 4) 
at least one drug refill after the index date; and 5) age 18 years or greater at the 
index date. Medical, pharmacy, and total costs were compared over the 1-year 
post-goal achievement period using a non-parametric Wilcoxon test. Sub-
group analysis was performed among patients with 24 months of post-index 
continuous insurance enrollment. A generalized linear model with log-link 
function and gamma distribution was used to compare costs when adjusting 
for baseline characteristics such as demographics, prior comorbidities, medi-
cations, and resource utilization.
Results: Final cohorts included 1,869 SU, 427 PIO, and 1,163 MET patients. 
Over the first year of follow-up, descriptive results showed numerically higher 
medical costs for SU patients (8,362 US dollars) than PIO patients (6,881 US 
dollars) and MET patients (8,198 US dollars), P<0.05. Specific components 
of the medical costs that were lower for the PIO cohort compared to the SU 
cohort included diabetes-related costs, emergency-room costs, office visits, 
and inpatient costs, although these were not all statistically significant. Using 
multivariate regression, PIO patients had risk-adjusted medical costs of 7,849 
US dollars, which was 1,298 US dollars (P=0.0211) less than medical costs for 
SU patients (9,147 US dollars). MET patients had risk-adjusted medical costs 
of 8,174 US dollars, which was 973 US (P=0.0155) lower than medical costs 
for SU patients. Risk-adjusted total healthcare costs (including prescription 
and medical costs) were 12,083 US dollars for SU, 12,146 US dollars for PIO, 
and 11,543 US dollars for MET. Neither of these comparisons were statistical-
ly significant. Among the subgroup of patients with 24 months of post-index 
continuous insurance enrollment, PIO showed risk-adjusted medical costs 
of 16,251 US dollars while SU showed medical costs of 20,435 US dollars, a 
2-year cost savings for PIO of 4,184 US dollars (P=0.0110). MET also showed 
lower 2-year medical costs (18,170 US dollars) compared to SU.
Conclusion: Patients receiving PIO as maintenance therapy incurred sig-
nificantly lower risk-adjusted 1- and 2-year medical costs compared with pa-
tients receiving SU as maintenance therapy after glycemic goal achievement 
in the US managed care setting.
Supported by: Takeda Pharmaceuticals North America
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The high prevalence of malnutrition and unnecessary drug therapy in 
very old diabetic patients
U.M. Vischer, S. Ardigo, L. Perrenoud, C. Genet, Y. Registe-Rameau,  
F.R. Herrmann; 
Dept of Rehabilitation and Geriatrics, Geneva University Hospitals, Thônex/
Geneva, Switzerland.

Background and aims: Type 2 diabetes usually occurs in the context of obes-
ity and associated insulin resistance. Current treatment recommendations 
are based on lifestyle modifications and incremental drug therapy to achieve 
optimal glycemic control. However, this approach may lead to inappropriate 
priorities upon aging, when diabetes may be compounded by malnutrition.
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Materials and methods: We undertook a systematic evaluation of glycemic 
and nutritional parameters in a cohort of very old diabetic patients admit-
ted to our geriatric service. We also implemented nutritional support therapy 
and a scheme of drug therapy adjustment. Oral hypoglycemic agents (OHA) 
withdrawal was attempted in case of good glycemic control (HbA1c <7.5% or 
fasting blood sugar (FBS) <7.5 mmol/l) or when contra-indications to OHA 
were present.
Results: 80 diabetic patients (mean age 82.8+7.4 years, 22% men, 78% women) 
have been included in this ongoing survey. Mean BMI was 29.6+6.6 kg/m2, 
and mean HbA1c was 6.8+1.2%. 75% patients had an HbA1c 85% of which 
on metformin), 33% on insulin and 5% on combined insulin/OHA therapy. 
Malnutrition, as evidenced by a MNA (Mini nutritional Assessment) score 
<23.5, indicating “Malnutrition” or “risk of malnutrition”, was observed in 
71% patients. Severe hypoalbuminemia (<30 g/l), usually without proteinu-
ria, was observed in 49% patients. We also observed a high prevalence of vi-
tamin B12 (< 200 pmol/l) and 25-hydroxy vitamin D (<30 nmol/l) deficiency 
(34 and 32% respectively). Among patients treated by OHA, complete drug 
withdrawal was attempted in 72% patients (mean HbA1c 6.2+1.0%, mean 
FBS 6.9+1.8 mmol/l), much more often than new drugs were added (p=0.002 
by McNemar’s test). In spite of in-hospital nutritional therapy, FBS remained 
<7.5mmol/l (mean value 6.6+1.0 mmol/l) at hospital discharge without new 
drug therapy in 78% patients.
Conclusion: The prevalence of malnutrition is high in very old diabetic 
geriatric patients. Malnutrition should be screened for in these patients, and 
when present should prompt a revision in diet and drug therapy. In particu-
lar, the possibility of reducing unnecessary drug therapy should be consid-
ered. Malnutrition and consequently reduced insulin resistance (occurring 
even in overweight/obese patients) is most likely a key factor for successful 
OHA withdrawal.

899
Effect of glitazones on cancer mortality in type 2 diabetes
S.L. Bowker1, Y. Yasui1, P. Veugelers1, S.H. Simpson2, J.A. Johnson1; 
1School of Public Health, 2Department of Pharmacy, University of Alberta, 
Edmonton, Canada.

Background and aims: Numerous studies have observed an association be-
tween type 2 diabetes (T2DM) and cancer, with recent reports suggesting a 
modulating role of antidiabetic therapy. There is little epidemiologic informa-
tion, however, exploring the effect of the glitazones and cancer mortality in 
T2DM. We hypothesized a decreased risk of cancer mortality associated with 
glitazones use, compared to sulfonylurea monotherapy use.
Materials and methods: This was a population-based retrospective cohort 
study using administrative data from Saskatchewan Health. We identified 
new users of metformin or sulfonylureas from January 1, 2000 to December 
31, 2005, with follow-up until death, departure from the province, or Decem-
ber 31, 2006. We compared cancer mortality between glitazone users (plus 
metformin), metformin and sulfonylurea combination users, metformin 
monotherapy users, and sulfonylurea monotherapy users (reference group).A 
time-varying Cox analysis was used to estimate the hazard ratio (HR) of can-
cer mortality, accounting for oral antidiabetic therapy, insulin therapy, age, 
sex, and chronic disease score (CDS). Exposure to oral antidiabetic therapies 
was defined by use of each agent (i.e., yes/no) within 1-year time windows. 
We examined the dose-response gradient for insulin exposure. Firstly, we 
created a count of insulin dispensations for each 1-year time window. Cumu-
lative insulin exposure/year was then calculated by summing insulin counts 
at the end of each year and dividing by the person years of insulin use since 
insulin index. We stratified the cumulative insulin exposure level into high, 
low, and no exposure to insulin.
Results: We identified 20,448 new users of metformin or sulfonylureas dur-
ing the index period, with an average (SD) follow-up of 3.5 (1.8) years. The 
mean age for the cohort was 61.3 (14.3) years and 53.8% were men. Unad-
justed cancer mortality was 9.8% (154/1,577) for sulfonylurea monotherapy 
users and 1.3% (43/3,365) for glitazone (plus metformin) users (p < 0.0001). 
After adjusting for age, sex, CDS, and insulin use, glitazone (plus metformin) 
users had a significantly lower risk of cancer mortality compared with the sul-
fonylurea monotherapy cohort (HR: 0.42, 95% CI: 0.24 - 0.72; p=0.002). The 
adjusted HRs (95% CI) for insulin use were 1.33 (0.83 - 2.13) and 7.08 (5.27 
- 9.51) for <12 and ≥12 cumulative insulin dispensations/year, respectively, 
compared to those using no insulin.
Conclusion: These finding add further support that antidiabetic therapies 
may play a role in the relationship between type 2 diabetes and cancer out-
comes. Our results suggest that patients with type 2 diabetes exposed to gli-

tazones had a significantly decreased risk of cancer mortality compared to 
patients exposed to sulfonylurea monotherapy. It is uncertain whether this 
decreased risk is related to a protective effect of glitazones or a toxic effect of 
sulfonylureas.
Supported by: CIHR Operating Grant #DC0190GP, AHFMR, CDA

900
Severe hypoglycaemia: are patients correctly selected for sulphonylurea 
therapy?
J.M. Ng, M. Ramlall, D. Mellor, B.J. Allan; 
Diabetes Centre, Hull, United Kingdom.

Background: Hypoglycaemia is a well recognised side effect of some treat-
ment modalities for diabetes mellitus, particularly in patients with tight gly-
caemic control. Recent NICE guidelines recommend hypoglycaemia advice 
for those with Type 2 Diabetes Mellitus (T2DM) before starting insulin or 
sulphonyurea therapy (SU). 
Aims: To further define the different forms of therapy associated with hy-
poglycaemia and patient groups at greater risk.
Materials and methods: We performed a retrospective analysis of patients 
who developed severe hypoglycaemia in our Trust over a 4 month period.
We included episodes of severe hypoglycaemia referred to the Diabetes serv-
ice from Dec 2008 to March 2009. We defined severe hypoglycaemia as any 
hypoglycaemic event that required emergency services intervention. Data 
was also obtained from regional ambulance service. Trust approval was ob-
tained prior to the commencement of the analysis
Results: A total of 76 patients suffered severe hypoglycaemia over the study 
period. The median age was 63 years (IQR 43 to 78 years) and 40 patients 
were male and 36 female. The median HbA1c was 8.1%. ( 31 T1DM, 33 
T2DM, 11 not recorded, 1 non diabetic). Of the 76 patients, 61 (80%) pa-
tients were taking insulin ( 56 on insulin only and 5 in combination with 
Metformin), 10 (13%) patients were taking SU ( 5 with Metformin and 2 with 
thiazolidinediones(TZD)) and 1 patient on both insulin and SU. Therapy in 3 
patients was not recorded and 1 patient developed hypoglycaemia due to se-
vere liver failure. The results of the analysis is summaried in Table 1 and Table 
2. When the SU treated and non SU treated group was compared, patients on 
SU were significantly older and had significantly lower HbA1c. Five patients 
in the SU group had HbA1c levels < 6.0%.
Conclusion: Our analysis shows that almost 15% of patients who suffered 
from severe hypoglycaemia were on SU therapy. Patients from this group 
were more elderly and had lower levels of HbA1c’s. This study is inherently 
limited by its retrospective component and relatively small numbers. How-
ever, we feel that whilst the use of SUs are effective in the treatment of T2DM, 
caution is advised when considering this therapy in the more elderly popu-
lation in particular those with tight glycaemic control. Access to self capil-
lary glucose monitoring and crucially the ability to recognise and treat this 
condition must be considered when commencing treatment with SU in each 
individual patient. Whilst national HbA1c targets are useful for clinicians to 
ascertain glycaemic targets, this should not apply in all cases.

Table 1 * Mann Whitney U
Type 2 Patients 
On Insulin (T2I)

Type I Patients Type 2 Patients 
on Sulphonylu-
rea (T2S)

p value
p1: T2I vs T2S
p2 = T1 vs T2S

n 23 31 10
Median hbA1c 8.5% 8.2% 6.6% p1: <0.001

p2:<0.0001
Median Age 70.5 (IQR 61-78 46 (IQR 36-56) 79 (IQR 76-83 

years)
p1: 0.01
p2<0.0001

901
Older patients with newly diagnosed type 2 diabetes are less likely to 
be treated with oral antihyperglycaemic agents compared to younger 
patients
S. Rajagopalan1, E. Marrett2, L. Radican2, Q. Zhang2; 
1MedData Analytics Inc, Williamsville, 2Global Outcomes Research and 
Reimbursement, Merck & Co., Inc, Whitehouse Station, United States.

Background and aims: This study compared older (≥ 65 yrs) and younger 
patients with newly diagnosed type 2 diabetes (T2DM), and evaluated factors 
associated with oral antihyperglycemic agent (OAHA) initiation.
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Materials and methods: This is a retrospective cohort study using the Gener-
al Electric (GE) Centricity electronic medical record database in the US. Pa-
tients aged ≥30 yrs with newly-diagnosed T2DM (Jan 2003 to Dec 2005) were 
included. Newly-diagnosed was defined as no diabetes diagnosis or treatment 
within 2 years prior to the new T2DM diagnosis. Their medical records 1 
year prior to (baseline) and 2 years after (follow-up) diagnosis were extracted. 
OAHA initiation was estimated based on the first OAHA prescription during 
follow-up. Multivariable Cox proportional hazards regression model was fit-
ted. Untreated patients were censored at the end of 2 years follow-up.
Results: Among 10,760 newly-diagnosed T2DM patients, 55% were female, 
43% Caucasian. The mean age at T2DM diagnosis was 61.3(±12.5), with 
4,617 (43%) ≥65 yrs. At baseline, older patients relative to younger patients 
had lower HbA1c (6.7% vs. 7.2%, with only 38% vs. 32% attaining HbA1c <7% 
goal), fasting blood glucose (117.9 vs. 132.8 mg/dL) and BMI (30.6 vs. 35.2), 
higher rates of acute myocardial infraction (MI) (2.1% vs. 0.9%), heart failure 
(5.1% vs. 1.8%), stroke (3.1% vs. 0.8%), and renal disease (17.5% vs. 6.2%), 
and more co-medications (all p-values <0.05). Within the 2 years after T2DM 
diagnosis, 56% older and 40.5% younger patients (P<0.001) had not received 
OAHA. Older patients were 16% less likely to be treated than younger pa-
tients (adjusted hazard ratio 0.84, p<0.001). Additionally, patients with MI or 
renal disease at baseline were less likely to be treated (p<0.05). Higher BMI 
or HbA1c at baseline, and heart failure, initiating antihypertensive or lipid 
lowering drugs after T2DM diagnosis were factors associated with increased 
likelihood of OAHA treatment (p<0.05).
Conclusion: This study found that older patients with newly diagnosed 
T2DM had milder hyperglycemia but more comorbid conditions, and expe-
rienced more delayed OAHA therapy than younger patients.
Supported by: Merck & Co., Inc.

902
The effect of nateglinide combined with metformin on the repairment of 
abnormal glucose tolerance in new-onset type 2 diabetic patients and its 
mechanisms
B.-C. Chang, M.-Y. Zheng, L.-M. Chen; 
Diabetic Nephrology, Tianjin Medical University Metabolic Diseases 
Hospital, China.

Background and aims: To analyze the effects of nateglinide combined with 
metformin on the repairment of abnormal glucose tolerance as well as insulin 
resistance and islet β cells’ early phrase insulin secretion in patients with new-
onset type 2 diabetes mellitus.
Materials and methods: 60 new-onset type 2 diabetic patients were divid-
ed into nateglinide combined with metformin group(nateglinide group, 32 
patients)and acarbose combined with metformin group(acarbose group, 28 
patients)randomly. Oral glucose tolerance test and insulin releasing test were 
performed before and after 4 months’ treatment. We compared oral glucose 
tolerance before and after treatment and observed the changes in insulin 
resistance, islet β cells’ insulin secretion and glucose disposition index. The 
insulin resistance was evaluated by the ratio of area under insulin curve/area 
under glucose curve (AUCI / AUCG) and HOMA-IR. HOMA-β,MBCI ,early 
phrase insulin secretion (represented by ΔI30/ΔG30) and the second-phase 
insulin secretion (represented by AUCI)were calculated to estimate islet β 
cells secretary function.
Results: After 4-month treatment, 1 case restored normal glucose tolerance 
and 7 cases changed from diabetes to impaired glucose tolerance in the nate-
glinide group, the AUCG decreased from 30.21±7.47 to 27.45±5.91(P<0.05); 
5 cases changed from diabetes to impaired glucose tolerance in the acarbose 
group, the AUCG decreased from 7.45±6.15to24.86±4.96(P<0.05). Before 
treatment, no statistical difference existed in blood glucose level during 
OGTT between the two groups. After 4-month treatment, the peak blood 
glucose value was observed at 60-minute point during OGTT in the nategli-
nide group and at 120-minute point in acarbose group. Compared with pre-
treatment, HOMA-IR was obviously improved in the two groups, it changed 
from 8.29±1.64 to 7.09±1.27(P<0.01)in the nateglinide group and 8.41±1.82 
to 6.89±1.31(P<0.05)in the acarbose group; The longer the course of disease, 
the lower MBCI appeared in the two groups(P>0.05). After treatment, the 
HOMA-βdecreased slightly in the two groups(P>0.05); and the ΔI30/ΔG30 
was recovered from 5.03±0.85 to 6.72±0.79(P<0.05)in the nateglinide group, 
compared with the acarbose group, the ΔI30/ΔG30 was also extremely im-
proved after treatment(P<0.05). The AUCI in the two groups was decreased 
after treatment(P<0.05). After 4-month treatment, the peak serum insulin 
level was observed at 60-minute point during OGTT in the nateglinide group 
and at 120-minute point in acarbose group, and there is statistical difference 

at 60min,120min and 180min points during OGTT between this two groups. 
The DI increased from 0.711±0.161 to 0.964±0.206(P<0.01)in the nateglinide 
group.
Conclusion: The treatment of nateglinide combined with metformin amelio-
rated impaired glucose tolerance in patients with new-onset type 2 diabetes 
mellitus via improving the insulin resistance and promoting the recovery of 
islet β cell’s first phrase insulin secretion.

903
The efficacy of lowering HbA1c with a gliclazide modified release-based 
intensive glucose lowering regimen in the ADVANCE trial
J. Chalmers1, M. Marre2, B. de Galan1,3, S. Zoungas1,4, P. Hamet5, B. Neal1,  
N. Poulter6, A. Patel1; 
1The George Institute for International Health, Sydney, Australia, 2Hopital 
Bichat-Claude Bernard, Universite Paris, France, 3Rabdoud University 
Nijmegen Medical Centre, Netherlands, 4Monash University, Melbourne, 
Australia, 5Centre Hospitalier de l’Universite de Montreal, Canada, 6Imperial 
College, London, United Kingdom.

Background: Intensive glucose control with a gliclazide modified release (MR)-
based regimen in people with type 2 diabetes in the ADVANCE trial (Action in 
Diabetes and Vascular disease: Preterax and Diamicron Modified Release Con-
trolled Evaluation), reduced the risk of combined microvascular and macrov-
ascular events, predominantly through reductions in the development of new 
or worsening nephropathy. In the present analyses we assess the efficacy of this 
strategy in reducing glycated haemoglobin (HbA1c) to the target level of 6.5%.
Methods: All 11,140 patients randomised to receive either intensive (n= 
5,571) or standard glucose control (n=5,569) were included in analyses of 
treatment efficacy as either the absolute HbA1c reduction, the HbA1c lev-
el achieved or the percentage of patients reaching various HbA1c targets 
(<=7.0%, <=6.5% and <6.0%) at the end of follow-up (median 5 years). Sim-
ple linear and multiple regression models were also used to assess treatment 
efficacy in those assigned to intensive glucose control according to subgroups 
defined by age, duration of diabetes, body mass index (BMI), HbA1c level 
and glucose lowering treatment (diet alone, monotherapy or combination 
therapy with 2 or more oral hypoglycaemic drugs) at study entry.
Results: At the last study visit, HbA1c was reduced to a mean of 6.5% with 
81, 65 and 21% achieving HbA1c levels of <=7.0%, <=6.5% and <6.0% re-
spectively in those assigned to intensive glucose control, amongst whom, 70% 
were receiving the maximum daily dose of gliclazide MR of 120mg. In those 
assigned to standard control, HbA1c was reduced to7.3% with only 50, 29 
and 8% achieving comparable HbA1c levels. With intensive glucose treat-
ment, substantial reductions in HbA1c were observed across all subgroups 
defined by baseline age, duration of diabetes, BMI, HbA1c or glucose lower-
ing treatment at study entry (all p<0.0001). By the end of the study HbA1c 
was reduced to 6.1% in those receiving gliclazide MR alone, 6.4% in those 
on other oral regimens including gliclazide MR and 6.8% in those also re-
quiring insulin. In a model including all these baseline variables, HbA1c and 
BMI emerged as the only independent predictors of reduction in HbA1c 
(p<0.001). While severe hypoglycaemia was more frequent in the intensive 
control group, it was uncommon overall (0.7 vs. 0.4 episodes per 100 patient 
years in the intensive versus standard care groups). Furthermore the reduc-
tions in HbA1c were achieved without weight gain.
Conclusion: Intensive glucose control with a gliclazide MR-based regimen 
was effective in lowering HbA1c, irrespective of age, duration of diabetes, 
BMI or HbA1c at study entry, and irrespective of initial glucose lowering 
treatment. The decrease in HbA1c was more marked in those with higher 
HbA1c levels and lower BMI at baseline. This regimen was well tolerated with 
acceptable rates of severe hypoglycaemia and without weight gain.
Supported by: Servier and the National Health and Medical Research Council 
of Australia

904
Cost-related medication underuse and perceptions about medication in 
patients with type 2 diabetes
E.J. Edson, R.P. Hayes; 
Global Health Outcomes, Eli Lilly and Company, Indianapolis, United 
States.

Background and aims: Medication adherence may be linked to improved 
outcomes in people with type 2 diabetes. Previous research has identified 
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multiple factors influencing cost-related medication underuse (that is, taking 
less medication than prescribed due to costs) such as patient-provider com-
munication, health literacy, income, and prescription drug coverage. Patients’ 
perceptions about their diabetes medication, such as perceived side effects 
and convenience, may also be factors in affecting cost-related medication un-
deruse. The objective of this study was to determine the association between 
perceptions about diabetes medication and cost-related medication underuse 
in patients with type 2 diabetes.
Materials and methods: A United States-based online survey was admin-
istered to participants with type 2 diabetes. Survey measures included the 
validated Perceptions about Medication for Diabetes-25 (PAMD-25) instru-
ment containing four scales: Perceived Effectiveness, Convenience and Tim-
ing, Emotional Side Effects, and Physical Side Effects. Higher scores indicate 
more positive perceptions about medication for all scales except for the Phys-
ical Side Effects scale where higher scores indicate more negative perceptions 
about medication. Two items exploring the participants’ perceptions of the 
amount paid for diabetes medication as being reasonable/unreasonable and 
financially draining/not draining were also included. Covariates included so-
cio-demographic information, patient characteristics such as general health 
status, physician-patient prescribing relationship, polypharmacy, and finan-
cial factors such as out of pocket costs for diabetes medication. Analyses were 
based on binary logistic regression models to test univariate effects of the 
perceptions about medication and covariates on cost-related medication un-
deruse, the dependent variable. Significant factors were entered in a forward 
stepwise logistic regression analysis to determine the effect of diabetes medi-
cation perceptions on cost-related medication underuse while controlling for 
covariates. Significance was determined at p < 0.05 for all analyses.
Results: The analytic sample included 604 participants (male = 53.0%; Cauca-
sian = 85.6%; mean age [SD] = 58.6 [11.5] years). Overall, 61 subjects (10.1%) 
reported cost-related medication underuse. All four scales of the PAMD-25 
were significant variables in the univariate regression analyses: Perceived 
Effectiveness (OR = 0.58; 95% CI, 0.41 - 0.83, p < 0.01), Convenience and 
Timing (OR = 0.27; 95% CI, 0.18 - 0.42; p < 0.001), Emotional Side Effects 
(OR = 0.32; 95% CI, 0.22 - 0.45; p < 0.001), and Physical Side Effects (OR 
= 2.07; 95% CI, 1.61 - 2.66; p < 0.001). Also significant were the statements 
that the amount paid for diabetes medication was reasonable as compared to 
unreasonable (OR = 0.15; 95% CI, 0.09 - 0.26; p < 0.001) and that the amount 
paid was not financially draining (OR = 0.08; 95% CI, 0.05 - 0.14; p < 0.001). 
Controlling for covariates, Emotional Side Effects (OR = 0.45; 95% CI, 0.28 
- 0.72; p < 0.01) and stating that the amount paid for diabetes medication was 
not financially draining (OR = 0.19; 95% CI, 0.09 -0.40; p < 0.001) retained 
their significance in the final model (Nagelkerke R2 = 0.42).
Conclusion: Patients’ perceptions about diabetes medication, particularly 
emotional side effects and perceived financial burden, may moderate the 
effects of other factors such as income and insurance coverage on patients’ 
response to medication cost pressures.

PS 76 Clinical aspects of insulin 
therapy
905
Predictors of responders to insulin therapy at one year among adult 
patients with type 2 diabetes: a retrospective study
I. Idris1, I. Seetho1, V. Owen2; 
1Diabetes and Endocrinology, Sherwood Forest Hospital Foundation 
Trust, Sutton in Ashfield, 2Trent RDSU, University of Nottingham, United 
Kingdom.

Background and aims: Among patients with type 2 diabetes (T2D), the deci-
sion to initiate insulin often becomes necessary when lifestyle intervention 
and oral pharmacotherapy have failed to achieve glycaemic targets. The effec-
tiveness of insulin therapy to lower blood glucose levels however may depend 
on a variety of factors. This study aims to determine baseline parameters that 
might predict responders to insulin therapy.
Materials and methods: This was a retrospective UK population based study 
derived from 358 general practices electronic dataset. We used standardised 
computerised routines to extract codes data on demographic, medical, bio-
chemical and drug prescription history. T2D was defined as non-insulin re-
quiring within 12 months of diagnosis. We included all patients with T2D, 
diagnosed at the age of >18 years old and who were initiated on insulin from 
January 2000 to December 2006. Insulin responders were defined as HbA1c 
of <7.5% and/or HbA1c reduction by >1% at 12 months post insulin initia-
tion.
Results: Mean (SD) 6032 patients were identified. Baseline age was 63.7(11.7). 
61% of patients (3696) responded to insulin therapy. At 1 year post insulin 
initiation, HbA1c was significantly reduced (9.8 v 8.4%, P<0.001) and BMI 
increased (30.3 v 31.1, P<0.001). Using a logistic regression model, older age 
(P<0.001), lower BMI (P=0.046), higher Hba1c (P<0.001) and basal bolus 
insulin therapy and premixed insulin, compared to basal insulin alone at 
baseline were independent predictors of responders to insulin. Gender and 
Townsend quartile were not significant predictors of insulin responders. A 
BMI of <35.3 was derived as a cut-point for response to insulin (P=0.038)
Conclusion: Overall, insulin therapy confers significant HbA1c reduction 
and weight increase in patients with T2D. In this cohort, responders to insu-
lin at 1 year was seen in 61% of patients.The responsiveness to insulin therapy 
appears to depend on a variety of baseline factors which includes age, BMI, 
HbA1c and insulin regime. Clinicians should to take these factors into ac-
count when making a decision to initiate insulin therapy in patients with 
T2D.
Supported by: Eli Lilly

906
Treatment satisfaction was impaired in patients with diabetes type 2 
using ICT with human insulin and who were obliged to keep a regular 
injection to meal interval. A randomised cross-over study
T. Frank1, N. Müller2, C. Kloos2, G. Wolf2, U.A. Müller2; 
1Gemeinschaftspraxis, Merseburg, 2Department of Internal Medicine III, 
University Hospital Jena, Germany.

Aims: In the pre-analogue-insulin era diabetic patients were usually instruct-
ed to keep an injection meal interval (IMI) of 20-30 minutes to compensate 
for the delayed onset of the action of regular insulin. All studies examining 
IMI were performed exclusively in patients with diabetes mellitus type 1. We 
studied the influence of IMI on HbA1c and hypoglycaemia in patients with 
diabetes mellitus type 2 (DM2).
Patients/methods: In a randomized cross-over-study (ClinicalTrials.gov 
NCT00529165) 100 patients with DM2 (age 66.9 years; diabetes duration 
12.7 years; HbA1c 7.1%; 93% keeping an IMI before study-onset) on prepan-
dial insulin therapy with human insulin (minimum 1 year) and stable glycae-
mic control, were randomised in two groups (Group A: IMI 20min then no 
IMI, group B: no IMI then IMI 20min). All patients were obligated to attend 
8 visits during the study, 4 visits in each period. Visit 4 (V4) took place after 
the first period, before the cross-over was initiated, visit 8 (V8) at study end. 
Treatment satisfaction was assessed with the DTSQ (C. Bradley, max. score 
33) and diabetes dependent quality of life with the ADDQoL (C. Bradley). 
The study was performed in a general practice. The dropout rate was 4%.
Results: At baseline HbA1c in group A was 6.96 vs. group B 6.85% (p=0.437) 
Treatment satisfaction (max. score 36) was in group A: 32.5 vs. group B 33.3; 
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(p=0.165). In period 1 treatment satisfaction increased more in the group 
without IMI than with IMI (9,4 vs. 4,2 points; p=0.001). After cross-over 
treatment satisfaction decreased in the group without IMI (period 1 IMI 
20min) by 1.9 points and increased substantially in the group without IMI 
(period 1 IMI 20min) by 9.0 points (p=0.001). Diabetes dependent quality of 
life did not show differences at any time during the study, regardless of doing 
an IMI or not, neither did HbA1c nor hypoglycaemia. At the end of the study 
86.5% of the patients decided against a meal injection interval,, irrespective of 
having or not having applied an IMI during the last study period.
Conclusion: Treatment satisfaction in patients with diabetes mellitus type 
2 and good glycaemic control on preprandial therapy with human regular 
insulin is lower with a meal injection (IMI) interval of 20 minutes compared 
to insulin injection immediately before the meal and did not improve HbA1c. 
Diabetes dependent quality of life is not influenced by an IMI. Hence, a meal-
injection-interval can not be regularly recommended for patients with type 2 
diabetes on? preprandial therapy with human regular insulin.

907
Randomized 2-phases-crossover-study to examine the necessity of an 
injection-to-meal-interval in patients with diabetes mellitus type 2 and 
flexible insulin therapy with human insulin
N. Müller1, T. Frank2, C. Kloos1, G. Wolf1, U.A. Müller1; 
1Dept. Internal Medicine III, University Hospital Jena, 2Primary Care 
Physician, Merseburg, Germany.

Background and aims: In the pre-analogue-insulin era diabetic patients 
were usually instructed to use an interval of 20-30 minutes between injection 
and meal to overcome the slow onset of regular insulin preparations. All stud-
ies deal with injection-meal-intervals (IMI) in patients with diabetes mellitus 
type 1. We studied influence of IMI on HbA1c and hypoglycaemia in patients 
with diabetes mellitus type 2 (DM2).
Materials and methods: In a randomized Cross-over-Study (ClinicalTrials.
gov NCT00529165)with two phases of 3 months 100 patients with diabetes 
type 2 (age 66.9 years; diabetes duration 12.7 years; HbA1c 7.1%; 93% keep-
ing IMI) on prepandial insulin therapy with human insulin (minimum 1 
year) have been randomized to group A (Phase 1: IMI 20min, Phase 2: no 
IMI) or group B (Phase 1: no IMI, Phase 2: IMI 20min). All patients received 
8 visits, visit 4 (V4) was after phase 1 and visit 8 (V8) was after phase 2. The 
study was held in a general practice. The drop out was 4%. The study was 
powered on the expectation that 100 patients would be evaluated. This had 
80% power to detect no difference of HbA1c (α=0.15).
Results: HbA1c was not different at baseline (V1: A: 6.96 vs. B 6.85%; 
p=0.437) neither at the end of phase 1 (V4: 6.70 vs. 6.76%; p=0.669) nor at the 
end of phase 2 (V8: 6.73 vs. 6.83%; p=0.434). In group A HbA1c decreased 
in phase 1 (IMI 20min) 0.32% (p=0.001) and increased in phase 2 (no IMI) 
0.13% (p=0.005). In group B HbA1c decreased in phase 1 (no IMI) 0.09% 
(p=0.097) and did not change in phase 2 (IMI 20min). The incidence of mild 
hypoglycaemia did not differ between group with IMI or no IMI at any time 
of the study (V1: 0.69 vs. 1.04; p=0.367; V4: 0.81 vs. 0.67; p=0.578; V8: 0.79 vs. 
0.73; p=0.836). In group A the incidence of hypoglycaemia increased in phase 
1 (IMI 20min) by 0.12 episodes per month (p=0.604) and decreased in phase 
2 (no IMI) by 0.08 (p=0.647) and decreased in group B phase 1 (no IMI) by 
0.37 (p=0.276) and increased in phase 2 (IMI 20min) by 0.125 (p=0.612). 
There was no case of severe hypoglycaemia in the study.
Conclusion: We did not find differences in HbA1c or mild hypoglycaemia if 
patients obey an injection-to-meal-interval or not. Marginal, clinical not rel-
evant changes in HbA1c and mild hypoglycaemia were observed within the 
groups. An injection-to-meal-interval is not necessary for patients with type 
2 diabetes and preprandial therapy with human regular insulin.

908
Real-life prescription patterns of insulin for patients with type 2 diabetes 
in The Netherlands
E.M. Heintjes1, A.W. Plat1, T. Lyager Thomsen2, T.E. Christensen2,  
F.J.A. Penning-van Beest1, R.M.C. Herings1; 
1PHARMO Institute, Utrecht, Netherlands, 2Global Marketing, Novo 
Nordisk A/S, Virum, Denmark.

Background and aims: Studies have suggested that in type 2 diabetes (T2D) 
insulin analogues may improve the balance between glycaemic control and 
hypoglycaemia compared with human insulins; for example, basal analogues 
provide similar glycaemic control with less hypoglycaemia. The aim of this 

study was to assess the real-life prescription patterns of insulin use in patients 
with T2D in The Netherlands, in particular with respect to the prescribing of 
human insulins or analogues.
Materials and methods: The PHARMO database contains community phar-
macy drug dispensing records from primary and outpatient secondary care 
for approximately 2.5 million patients in The Netherlands. We selected pa-
tients with T2D starting a new insulin treatment (human or analogue ba-
sal/premix/basal-bolus) in the period 2004-6. The patients were categorised 
into insulin-naïve users (no insulin in previous year) and prior users. We de-
termined the insulin used at start for naïve and prior users. For prior users 
we also determined the insulin type used before start, to identify treatment 
changes.
Results: The study included 10,739 patients with T2D of whom 7116 (66.3%) 
were insulin naïve and 3623 (33.7%) were prior insulin users. Among the 7116 
naïve patients 52.0% started on a basal regimen, 32.7% started on premixes 
and 15.3% started with a basal-bolus regimen (Table 1). Within each regimen 
type the majority of patients received analogues rather than human insulin 
(range 54.9-61.0%; overall proportion receiving analogues 58.7%). Among 
the 3623 prior insulin users 17.1% started on a basal regimen, 33.3% started 
on premixes and 49.6% started with a basal-bolus regimen. As with the insu-
lin-naïve users the majority of patients received analogues rather than human 
insulin (range 67.3-87.4% among regimen types; overall proportion receiv-
ing analogues 74.1%). Of the 541 patients starting on basal analogues, 60.4% 
were switched from neutral protamine Hagedorn (NPH) insulin and 10.2% 
from human premix. Of 812 patients starting on premix analogues, 33.0% 
were switched from human premix, 26.7% from NPH insulin and 26.1% from 
basal analogue. Of 1331 patients starting on basal-bolus analogues, 48.0% 
were switched from human basal-bolus and 13.2% from human premix.
Conclusion: Among patients with T2D starting a new insulin treatment the 
majority were prescribed an insulin analogue, which indicates that both gen-
eral practitioners and internists in The Netherlands prefer long-acting insulin 
analogues or analogue premixes over human insulin.
Table 1. Proportions of patients starting on different insulin regimens and 
using human or analogue insulins within each regimen.

Table 1
Insulin naïve  
N=7116

Prior users  
N=3623

New regimen n % n %
Basala 3702 52.0 619 17.1
Neutral protamine Hagedornb 1444 39.0 78 12.6
Basal analogueb 2258 61.0 541 87.4
Premixa 2324 32.7 1206 33.3
Humanb 1002 43.1 394 32.7
Analogueb 1322 56.9 812 67.3
Basal-bolusa 1090 15.3 1798 49.6
Humanb 492 45.1 467 26.0
Analogueb 598 54.9 1331 74.0
aFor each regimen type, % of overall naïve or prior-use patients is shown. 
bWithin each regimen type, % using human or analogue insulins in that type 
is shown.

Supported by: Novo Nordisk

909
Sex differences in insulin dose and postprandial glucose (PPG) as BMI 
increases in patients with type 2 diabetes (T2D)
L. Jovanovic1, C.R. Heilmann2, M.S. Lewis2, L.B. Lacaya2, A.L. Peters3,  
J.A. Jackson2; 
1Sansum Diabetes Research Institute, Santa Barbara, 2Lilly USA, LLC, 
Indianapolis, 3Keck School of Medicine of the University of Southern 
California, Los Angeles, United States.

Background and aims: To make sex-specific comparisons of efficacy and 
safety, which are rarely included in the development and reporting of clinical 
trials (CTs) in T2D.
Materials and methods: This post-hoc analysis examined sex differences in ef-
ficacy and safety parameters within groups of patients on lispro mixtures twice 
daily (BID) (LMBID, n=319) or three times daily (TID) (LMTID, n=344), ba-
sal bolus therapy (BBT=glargine [G] with lispro TID, n=184), NPH (n=355), 
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or G (n=203). An integrated CT database was evaluated for CTs which were 
at least 12 weeks in duration and included only insulin-using T2D patients 
(±oral agents). Six such trials were identified and used for this analysis.
Results: At endpoint, with increasing baseline BMI, 2-h PPG (LMBID) and 
insulin dose (LMBID and NPH) were significantly different in women vs men 
(figure-LMBID), although change in HbA1c was not significantly different. 
For NPH-treated patients, weight gain was also greater in women than men 
(all LS mean±SE) (1.45±0.23 vs 0.21±0.29 kg; p=0.005). With LMTID, wom-
en had lower endpoint 2-h PPG after lunch and dinner than men (8.08±0.19 
vs 8.66±0.18 mmol/l, p=0.028; and 8.55±0.21 vs 9.14±0.21 mmol/l, p=0.046, 
respectively), while women on LMBID and G had less hypoglycaemia (LM-
BID: 0.56±0.10 vs 0.87±0.11 episodes/patient/30 days, p=0.035; G: 1.06±0.19 
vs 1.64±0.21 episodes/patient/30 days, p=0.042). BBT had no significant dif-
ferences between sexes in any variables.
Conclusion: In conclusion, sex differences in response to insulin therapy 
in T2D appear to exist, and may have implications for the safety, efficacy, 
and optimal utilisation of insulin therapy. Thus, sex differences should be ex-
plored and considered in future CT design and analyses in diabetes. 

Supported by: Lilly USA, LLC

910
Escalating insulin dose with intensified insulin therapy regimens may 
achieve greater glycaemic efficacy than basal-only therapy, particularly in 
obese type 2 diabetes patients
J.A. Jackson1, H. Jiang1, L.B. Lacaya1, M.S. Lewis1, A.L. Peters2,  
R.M. Bergenstal3; 
1Lilly USA, LLC, Indianapolis, 2Keck School of Medicine of the University 
of Southern California, Los Angeles, 3International Diabetes Center at Park 
Nicollet, Minneapolis, United States.

Background and aims: To investigate the relationship of endpoint insulin 
dose to baseline parameters, efficacy, and safety for different insulin regimens 
in type 2 diabetes (T2D).
Materials and methods: This pooled post-hoc analysis compared the effect of 
insulin dose and baseline BMI on change in HbA1c, weight, and symptomatic 
hypoglycaemia between groups of T2D patients (pts) on glargine (G, n=159), 
lispro mixtures TID (LMTID, n=345), or basal bolus therapy (BBT=G with 
lispro TID, n=187). Two trials in an integrated CT database - one comparing 
G vs LMTID (n=317, baseline HbA1c 6.5-11.0%), and the other LMTID vs 
BBT (n=374, baseline HbA1c 7.5-12.0%)-met criteria of being 24 weeks in 
duration and including insulin-using T2D pts (±oral agents).
Results: For 3 insulin dose categories (≤0.5 U/kg/day [d], 0.5-1.0 U/kg/d, 
and >1.0 U/kg/d), the effects of G, LMTID, and BBT on change in HbA1c 

(adjusted for baseline HbA1c), weight, and hypoglycaemia are shown in Fig-
ure 1. For reaching target HbA1c<7.0%, therapies were similar when insu-
lin dose was low (<0.5 U/kg/d), but for 0.5-1.0 U/kg/d, more pts on BBT 
reached HbA1c<7.0% vs G (65% vs. 36%, p<0.05), and for >1.0 U/kg/d, more 
pts reached A1C<7.0% in both LMTID and BBT vs G (53% and 63% vs 21%, 
p<0.05). When pts were grouped by baseline BMI categories, insulin dose was 
larger with LMTID and BBT vs G (BMI<30 kg/m2: 0.86±0.05 and 1.58±0.09 
vs 0.54±0.07 U/kg/d; BMI ≥30 kg/m2: 0.97±0.03 and 1.34±0.04 vs 0.63±0.05 
U/kg/d; all LMTID and BBT p<0.05 vs G). HbA1c change mirrored insulin 
dose in LMTID and BBT vs G (BMI <30 kg/m2: -1.0±0.1% and -1.7±0.2% vs -
0.8±0.1%; BMI ≥30 kg/m2: -1.4±0.06% and -1.6±0.08% vs -0.6±0.1%; all LM-
TID and BBT p<0.05 vs G). For BMI <30 kg/m2, only BBT had more pts reach 
HbA1c<7.0% vs G (74% vs 46%, p<0.05), while more pts reached HbA1c<7.0% 
with both LMTID and BBT vs G at BMI ≥30 kg/m2 (54% and 59% vs 32%, 
both p<0.05). LMTID and BBT also had significantly more weight gain and 
hypoglycaemia in both BMI categories (p<0.05). Severe hypoglycaemia did 
not differ between treatments at any insulin dose or baseline BMI category. A 
study limitation is that G and LMTID may have been less aggressively titrated 
in the first study than in the LMTID vs BBT study, which may understate the 
efficacy of G and LMTID and overstate the efficacy of BBT.
Conclusion: This post-hoc analysis suggests escalating insulin dose with in-
tensified regimens may achieve greater HbA1c reduction and attainment of 
targets, especially in obese pts and those requiring ≥0.5 U/kg/d of insulin. 
Intensified insulin therapy may be associated with more weight gain and hy-
poglycaemia compared to basal-only therapy.

Supported by: Lilly USA, LLC

911
Basal insulin treatment of type 2 diabetes mellitus is associated with 
greater increases in satisfaction and HRQoL than treatment alternatives: 
an empirical review
J.M. Boltri1, Q. Zhang2, M.J. Atkinson3, W.D. Smith4, D.D. Smith5; 
1Department of Family Medicine, Mercer University School of Medicine/
Medical Center of Central Georgia, Macon, 2sanofi-aventis, Bridgewater, 
3HEOR Specialist PRO-Spectus & UCSD Health Services Research Center, 
San Diego, 4M.D. Anderson Cancer Center, The University of Texas, 
Houston, 5Department of Biostatistics, City of Hope National Medical 
Center, Duarte, United States.

Background and aims: We examined current treatments for Type 2 diabetes 
mellitus (DM) to determine whether differences in patient-reported treat-
ment satisfaction and HRQoL exist between three medication groupings (ba-
sal insulins, rapid acting insulin and oral agents).
Materials and methods: Data were obtained from an empirically-based 
systematic literature review of 280 randomized controlled trials (RCTs) of 
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treatments for Type 2 DM conducted since 1998. After restricting the arti-
cles to adult samples and removing duplicates, we identified 230 articles for 
consideration. Seventeen of these studies included measures of treatment sat-
isfaction and/or health-related quality of life (HRQoL) in ways that allowed 
for the quantitative assessment of change-from-baseline treatment effects. 
Separate fixed-effects meta-analyses compared the standardized effect sizes 
of changes in patient outcomes within the RCT treatment arms of basal insu-
lin (+/-OAD) vs. rapid acting insulin (+/- OAD) vs. oral agents.
Results: The effect sizes associated with change from baseline of treatment 
satisfaction outcomes were significantly greater among patients on basal dos-
ing of intermediate and long acting insulin regimens (Std Diff in Means = 
.44 (95% C.I. .39 - .48) than the rapid acting insulin administered two or 
more times per day (Std Diff in Means = .15 (95% C.I. .091 - .20) or among 
patients on only oral medications (Std Diff in Means = .10 (95% C.I. .075 
- .13). Within the injectable medication groups, treatment effects assessed 
across treatment satisfaction measures were larger than those associated with 
HRQoL measures (see Table).
Conclusion: Treatment satisfaction and HRQoL changes were highest 
among patients treated with basal insulin. We conjecture that Basal insulin 
may be associated with improved health status due to greater medication ef-
fectiveness; while greater patient satisfaction is due to less frequent dosing 
and lower self-monitoring requirements than regimens involving shorter act-
ing insulin. Differences in the patient samples (e.g., by disease progression) 
could be an influential variable. Across all treatment types patients’ responses 
to treatment satisfaction versus HRQoL scales may be differentially effected 
by response bias, since patients are often not blind to the efficacy of their 
medication, and by improvements in recently developed treatment satisfac-
tion measures. 

Supported by: sanofi-aventis, US

912
Comparison of mealtime pramlintide, insulin, or a combination of both, 
when added to basal insulin treatment in patients with type 2 diabetes
D. Karounos1, R. Pencek2, W. Huang2, S. Miller2, K. Lutz2, L. Porter2; 
1Lexington VA Medical Center & University of Kentucky College of 
Medicine, Lexington, 2Amylin Pharmaceuticals, Inc., San Diego, United 
States.

Background and aims: Addition of mealtime injections of insulin to basal 
insulin therapy can increase glycaemic control for many patients with type 2 
diabetes (T2DM); however, this approach increases the risks of weight gain 
and hypoglycaemia. Pramlintide can improve glycaemic control and reduce 
weight without increasing insulin-induced hypoglycaemia; therefore the ad-
dition of prandial pramlintide instead of or in conjunction with prandial in-
sulin may offer additional therapeutic options for T2DM patients using basal 
insulin. This study examined the safety and efficacy of intensification of basal 
insulin therapy with prandial pramlintide (PRAM, 120 µg TID), rapid-acting 
insulin (RAI), or both agents.
Materials and methods: This was a randomised, open-label, multicenter, 36-
week study in patients with T2DM (N=112, age 54 ± 11 y, HbA1c 8.2 ± 0.8%, 
FPG 8.9 ± 2.5 mg/dL, BMI 36 ± 6 kg/m2, mean ± SD) and it consisted of 2 
phases. Phase 1 (24 weeks) compared PRAM with RAI when added to basal 
insulin. Phase 2 (12 weeks) explored additional prandial therapy for patients 
failing to achieve HbA1c ≤6.5% at W24 (PRAM patients added RAI at W26, n 
= 31; RAI patients added PRAM at W26, n = 36). Patients with HbA1c ≤6.5% 
continued their Phase 1 treatment (PRAM, n = 17; RAI, n = 14).
Results: In Phase 1, PRAM and RAI resulted in similar HbA1c reductions 
(-0.9 ± 0.2% vs -1.1 ± 0.2%; LS mean ± SE) and FPG (6.7 ± 0.4 vs 6.8 ± 0.3 
mmol/L) at Week 24 (W24), however significant weight gain was seen with 
RAI treatment (RAI: 4.2 ± 0.6 kg, p<0.001; PRAM: -0.3 ± 0.7 kg, p = 0.978 
vs baseline). Throughout Phase 2, HbA1c levels were stable for PRAM (6.3 
± 0.1% at W24 vs 6.4 ± 0.1% at W36) and RAI subjects (6.1 ± 0.1% vs 6.4 
± 0.1%). Despite the addition of another prandial agent, HbA1c levels also 
remained relatively stable for combinations (PRAM+RAI: 7.7 ± 0.2% at W24 

vs 7.4 ± 0.2% at W36; RAI+PRAM: 7.3 ± 0.2% at W24 vs 7.4 ± 0.2% at W36). 
No significant weight change occurred in Phase 2. Addition of PRAM in pa-
tients using RAI allowed a reduced RAI dose (38.6 ± 3.8 U/d at W24 vs 19.4 
± 3.2 U/d at W36). The incidence of hypoglycaemia was lower with PRAM 
compared to RAI (55% vs 82% in Phase 1; 41% vs 71% in Phase 2) with no 
severe hypoglycaemia. Patients on combination prandial regimens experi-
enced comparable hypoglycaemic rates (PRAM+RAI, 58%; RAI+PRAM, 
53%). Nausea was observed in some patients initiating PRAM (21% in Phase 
1; 11% in Phase 2).
Conclusion: Compared with RAI, PRAM added to basal insulin therapy re-
sulted in similar improvements in glycaemic control, a lower risk of hypogly-
caemia, and no weight gain. Addition of the alternate prandial agent in Phase 
2 resulted in maintenance of HbA1c and weight. Addition of PRAM in Phase 2 
for subjects on RAI in Phase 1 allowed a decrease in daily RAI dosage.

913
Day-to-day variation of insulin requirements in type 2 diabetic patients 
with end-stage renal disease treated by maintenance haemodialysis
S.T. Enoru1, E. Sobngwi1,2, G. Ashuntantang1, M. Dehayem1, M. Azabji1,  
D. Biwole1, A.E. Onana1, M.D. Chobufo1, G.E. Loni1, J.-C. Mbanya1; 
1University of Yaounde 1, Cameroon, 2Newcastle University, Newcastle upon 
Tyne, United Kingdom.

Background and aims: We aimed to evaluate day-to-day variations of insulin 
needs in Type 2 diabetic patients with end-stage renal failure on maintenance 
haemodialysis (HD), as significant glycaemic excursions are frequent in this 
population.
Materials and methods: We developed a 24-hour euglycaemic clamp appli-
cable to free living conditions in patients receiving 2200 calories with 55% 
carbohydrate in a standardized 3-meal and 2-snack regimen per day. Insu-
lin was infused intravenously at variable rates, adjusted every 30 minutes to 
clamp the glycaemia at 5.55±1.11mmol/l over 24 hours pre-HD, during HD 
session, and 24 hours post HD. We studied 10 volunteers (6 men and 4 wom-
en, age: 55.7±8.7 years, duration of DM: 11.9±4.5 years, BMI: 22.7±4.5kg/m2, 
dry weight: 61.6±10.7 kg, duration of HD: 2.3±2.3 years).
Results: The mean capillary glycaemia was 5.5±0.3mmol/l pre-HD and 
5.3±0.2mmol/l post-HD (p=0.39). This was achieved with the infusion of 
23.6±7.7 IU/24h pre-HD vs. 19.9±4.9 IU/24h post-HD, indicating an overall 
15.3% decrease (p=0.09). The basal insulin needs per hour were decreased 
significantly from 0.4±0.1/hour pre-HD to 0.3±0.1/hour post-HD (p=0.01). 
The total boluses were decreased by 2.2±3.1 IU (-18.6%, p=0.15). The change 
in blood urea induced by HD did not correlate with the change in daily insu-
lin needs (r=0.1, p=0.79).
Conclusion: In conclusion, the 15% reduction in insulin needs to achieve 
normoglycaemia after versus before HD observed in these type 2 diabetic 
patients , being equivalent to almost 4 IU per day is likely to be clinically sig-
nificant despite marginal statistical significance. Further investigations with 
intermittent subcutaneous protocol based on the present results are warrant-
ed to further guide clinical practice recommendations.
Supported by: North East Diabetes Trust, UK
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Lower rate of hypoglycaemia but comparable glycaemic control with 
insulin detemir compared to NPH insulin in patients with type 1 
diabetes
K. Hermansen1, S. Heller2, M. Andersen3, D.L. Russell-Jones4; 
1Department of Endocrinology and Metabolism, Aarhus University 
Hospital, Denmark, 2Endocrinology and Metabolism, School of Medicine 
and Biomedical Sciences, Sheffield, United Kingdom, 3Statgroup DK, 
Copenhagen, Denmark, 4Department of Diabetes and Endocrinology, The 
Royal Surrey Country Hospital NHS Trust, Guilford, United Kingdom.

Background and aims: In clinical trials, focus is often on efficacy, and these 
trials are rarely powered for analysis of difference in hypoglycaemia between 
treatment arms. Here we wish to present a meta-analysis to explore the rela-
tionship between glycaemic control as measured by last recorded HbA1c on 
treatment and hypoglycaemia (plasma glucose level < 3.1 mmol/L) in sub-
jects with type 1 diabetes treated with either insulin detemir (IDet) or NPH 
insulin (NPH) once or twice daily as the basal component of a basal-bolus 
therapy.
Materials and methods: Data were collected from seven randomised clinical 
trials more than 16 weeks (112 days) in duration reported up to March 2008 
and with individual patient data (IPD) available. The trials included 1801 
subjects on IDet and 1080 on NPH; treatment was from 16 to 104 weeks. A 
negative binomial regression model was used to analyses the number of hy-
poglycaemic episodes (last 90 days of treatment), with trial and treatment as 
factors, HbA1c as covariate and log-transformed exposure time as offset. No 
heterogeneity was found (p=0.33 for test of trial and treatment interaction).
Results: As shown in the Forest plot a significantly lower rate of hypoglycae-
mia was estimated with IDet than with NPH (p<0.0001) which amounted to 
a lower estimated rate of hypoglycaemia of 19%. A model of HbA1c versus 
hypoglycaemia indicates that the lower the HbA1c, the larger the difference 
between treatments for risk of hypoglycaemia.
Conclusion: IDet was associated with a lower rate of hypoglycaemia than 
NPH at all levels of glycaemic control (HbA1c). 

915
Estimating number-needed-to-treat with insulin glargine compared with 
NPH insulin to avoid a hypoglycaemic episode in people with type 2 
diabetes mellitus: a meta-analysis 
P.D. Home1, A. Fritsche2, S. Schinzel3, M. Massi-Benedetti4; 
1Institute of Cellular Medicine – Diabetes, Newcastle University, Newcastle 
upon Tyne, United Kingdom, 2Medizinische Klinik IV, Universität 
Tübingen, Germany, 3Sanofi-Aventis Deutschland GmbH, Frankfurt, 
Germany, 4Department of Internal Medicine, University of Perugia, Italy.

Background and aims: Studies have shown that for similar blood glucose 
control, insulin glargine (glargine) is associated with a decreased risk of hy-
poglycaemia compared with NPH insulin (NPH) in type 2 diabetes melli-
tus (T2DM). We have evaluated the number of people needed to be treated 
(number-needed-to-treat [NNT]) with glargine vs NPH to save one person 
from experiencing hypoglycaemia based on a meta-analysis of trials compar-
ing glargine with NPH.
Materials and methods: The formula NNT=1/(pN-pG) was used, where 
pN and pG represent the risk of ≥1 hypoglycaemia episode in an NPH- or 
glargine-treated person, as derived from meta-regression adjusted for change 
in HbA1c. Where NNT is large (>100), glargine is favoured over NPH, but 
the clinical advantage is small; where NNT is smaller (e.g. <20) the treatment 
difference is clinically important. Study selection criteria were: randomized, 
parallel-group design; basal glargine vs basal NPH (both with oral agents); 
comparable dosing regimens; ≥24-week duration. Hypoglycaemia rates (se-
vere [study definition] or symptomatic with self-monitored levels of <2.0 or 
<3.9 mmol/l) were extracted and adjusted for HbA1c change from baseline. 
Five comparative studies using evening injections (n=2641) were found and 
analyzed. A random effects model was used if there was significant heteroge-
neity (p≤0.100) between studies; otherwise a fixed effects model was used.
Results: Evening glargine vs NPH treatment resulted in a significantly lower 
risk of nocturnal hypoglycaemia for all categories (symptomatic <3.9 mmol/l, 
NNT=8, p<0.001 [OR=0.52, p=0.009]; symptomatic <2.0 mmol/l, NNT=107, 
p=0.008 [OR=0.44, p=0.003]; severe: NNT=112, p=0.047 [OR=0.52, 
p=0.0498]). Daytime symptomatic hypoglycaemia was to be numerically 
lower with glargine vs NPH (NNT=184, p=0.085 [OR=0.64, p=0.073] and 
NNT=35, p=0.136 [OR=0.88, p=0.136] with self-monitored plasma glucose 
<2.0 and <3.9 mmol/l, respectively), but these differences were not statisti-
cally significant.
Conclusion: Overall, these results confirm that glargine has the benefit of 
a risk reduction of nocturnal hypoglycaemia vs NPH, with one person in 
every eight treated avoiding a confirmed (self-monitored plasma glucose <3.9 
mmol/l) nocturnal event, and additional avoidance of other events at lower 
frequency.
Supported by: sanofi-aventis

916
Examining the glycaemic and hypoglycaemic benefits with rapid-acting 
insulin analogues: a meta-analysis of insulin aspart versus regular 
human insulin in randomised controlled trials
S. Heller1, B.W. Bode2, P. Kozlovski3, A. Svendsen4; 
1Endocrinology and Metabolism, School of Medicine and Biochemical 
Sciences, Sheffield, United Kingdom, 2Emory University School of Medicine, 
Atlanta, United States, 3NovoNordisk Medical & Science, Bagsvaerd, 
Denmark, 4Biostatistics, NovoNordisk A/S, Bagsvaerd, Denmark.

Background and aims: A meta-analysis of the efficacy and safety of insulin 
aspart (IAsp) vs regular human insulin (RHI) in a basal-bolus regimen with 
NPH insulin in subjects with type 1 or type 2 diabetes was undertaken with 
focus on a comparison of rate of hypoglycaemia.
Materials and methods: Data were collected from 10 randomised, control-
led clinical trials (≥ 12 weeks) including 3727 subjects (53.9% male), with 
mean age 41.4 year, mean body mass index 25.5 kg/m² and mean HbA1c 8.2% 
at baseline. Change in HbA1c was analysed in a linear mixed model using 
repeated measurements and a spline for time, with a knot at 12 weeks con-
trolling for trial. Hypoglycaemic episodes were modelled using negative bi-
nomial regression.
Results: The model found a significant difference in HbA1c in favour of 
IAsp+NPH after 12 weeks of treatment, with a fixed estimate = _0.10 CI [-
0.15; -0.04], a difference that was maintained over the next 12 weeks. A statis-
tical test showed that heterogeneity was not significant (see figure). After 12 
weeks the average prandial blood glucose increment was significantly lower 
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with IAsp+NPH, overall estimate = _0.61, CI [-0.88; -0.34] whereas no group 
difference was found for change in fasting plasma glucose. The incidence of 
hypoglycaemic episodes (overall and daytime) was similar in both groups, 
but the risk of nocturnal episodes was significantly lower with IAsp+NPH; 
overall estimate = 0.76, CI [0.67; 0.85].
Conclusion: After 12 weeks of treatment and onwards, glycaemic control 
was modestly but significantly improved with IAsp+NPH compared to 
RHI+NPH. The risk of overall and daytime hypoglycaemia was similar with 
the two regimens, but with IAsp+NPH the risk of nocturnal hypoglycaemia 
was significantly lower by about 25%, a finding not reported in previous sys-
tematic reviews or meta-analyses 

917
Basal/bolus with prandial inhaled Technosphere insulin plus insulin 
glargine vs biaspart 70/30 insulin in type 2 diabetes inadequately 
controlled on insulin with/without oral agents
L. Gnudi1, D. Lorber2, J. Rosenstock3, C. Howard4, R. Petrucci4, D. Shearer4, 
D. Bilheimer4, P.-C. Chang4, P. Richardson4; 
1Diabetes and Endocrinology, King’s College London, United Kingdom, 
2Diabetes Care and Information Center of New York, Flushing, United 
States, 3Dallas Diabetes and Endocrine Center, United States, 4MannKind 
Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a fast-acting inhaled 
insulin with a pharmacokinetic profile well suited for earlier control of post-
prandial plasma glucose (PPG). This randomized, active-control, parallel-
group study compared the efficacy and safety of basal/bolus prandial TI plus 
bedtime glargine insulin (G) vs. premixed biaspart 70/30 insulin BID (BPA 
70/30) in type 2 diabetes mellitus inadequately controlled (HbA1c >7.0% and 
≤11.0%) despite insulin with or without oral antihyperglycemic therapy.
Materials and methods: Subjects were randomized to a 52-week course of 
TI+G (n=334) or BPA 70/30 (n=343) with insulin adjustments according 
to investigator discretion to achieve predefined glycemic goals but without 
enforcing a structured titration regimen. Primary outcome was change in 
HbA1c. Secondary objectives were proportion of subjects reaching specific 
HbA1c levels, PPG, and fasting plasma glucose (FPG).
Results: Mean baseline characteristics were similar for TI+G and BPA 70/30 
(age 55.9, 55.9 years; disease duration 13.1, 13.6 years; baseline HbA1c 8.7%, 
8.7%; BMI 31.55, 31.07 kg/m2). HbA1c was reduced by 0.58% and 0.70% in 
the TI+G and BPA 70/30 groups (intent-to-treat last observation carried for-
ward), respectively, and the proportion of subjects achieving HbA1c <7.0% 
were comparable between treatments (22% vs. 27%). Mean FPG at week 52 
was 7.8 mmol/l for the TI+G group and 8.7 mmol/l for the BPA 70/30 group, 
and the FPG change from baseline was 2.0 vs. 1.0 mmol/l (p=0.0029). The 
absolute 1-h PPG (9.5 vs. 11.6 mmol/l; p<0.0001) was significantly lower with 
TI+G. TI+G produced significantly less weight gain (0.9 vs. 2.5 kg; p=0.0002) 

and significantly less mild/moderate and severe hypoglycemia (Table). The fi-
nal insulin doses were TI, 198 U (approximately equivalent to 53 IU of rapid-
acting insulin); G, 47 IU; and BPA 70/30, 88 IU. Mean changes from baseline 
to week 52 in forced expiratory volume, forced expiratory vital capacity, and 
carbon monoxide diffusing capacity were similar in the two groups.
Conclusion: TI+G vs. BPA 70/30 resulted in comparable HbA1c reductions 
but lower 1-h PPG with less weight gain and less hypoglycemia.

Hypoglycemia Incidence, Event Rate, and Odds Ratio
Hypoglycemia Incidence (%) Event Rate Odds 

Ratio
Odds Ratio
p Value

TI+G BPA 70/30 TI+G BPA 70/30
Mild/moderate 47.99 68.88 0.40 0.59 0.417 <0.001
Severe 4.33 9.97 0.01 0.02 0.409 <0.007
Total 47.99 68.88 0.41 0.61 0.417 <0.001

Supported by: MannKind Corporation

918
Reduced incidence and frequency of hypoglycaemia in an integrated 
analysis of pooled data from clinical trials of subjects with type 2 
diabetes using prandial inhaled Technosphere insulin
D. Lorber1, C. Howard2, H. Ren2, A. Rossiter2, A. Boss2; 
1Diabetes Care and Information Center of New York, Flushing, 2MannKind 
Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting insulin 
with a pharmacokinetic profile well suited for earlier control of postpran-
dial plasma glucose (PPG). This integrated analysis includes the pooled data 
from six phase II/III clinical trials in subjects with type 2 diabetes mellitus 
inadequately controlled (HbA1c ≥6.6% and ≤12.0%) despite insulin with or 
without oral antihyperglycemic therapy.
Materials and methods: Subjects were randomized to treatment regimens 
to achieve predefined glycemic goals: TI (n=1,795) or s.c. insulin (n=942), 
which included BPA 70/30, or insulin aspart and “usual care,” with insulin 
adjustments according to investigator discretion in five trials and forced ti-
tration in one trial. A structured titration regimen was not enforced. When 
experiencing hypoglycemic-like symptoms, subjects were instructed to con-
firm the event with a blood glucose reading. Subjects experiencing a severe 
hypoglycemic episode were required to report the details of third-party as-
sistance (if needed), the presence of neurologic symptoms, and the specifics 
of treatment.
Results: Mean baseline characteristics were similar for TI and s.c. insulin (age 
56.2, 55.6 years; disease time since diagnosis 10.8, 12.4 years; baseline HbA1c 
8.82%, 8.84%; BMI 31.07, 31.07 kg/m2). Subjects treated with TI experienced 
statistically significantly fewer hypoglycemic episodes in regard to both in-
cidence and frequency compared with subjects treated with s.c. insulins. 
For incidence, significantly fewer subjects reported hypoglycemia with TI: 
31.8% vs. 49.6% for total hypoglycemia; 31.6% vs. 49.4% for mild/moder-
ate hypoglycemia; and 2.8% vs. 7.5% for severe hypoglycemia, with the three 
comparison p values <0.0001. For frequency, TI also had significantly fewer 
events, evaluated by event rate (number of events per 100 subject-months): 
23.87 vs. 38.78 for total hypoglycemia (p<0.0001); 23.16 vs. 37.32 for mild/
moderate hypoglycemia (p<0.0001); and 0.66 vs. 1.37 for severe hypoglyc-
emia (p<0.0184).
Conclusion: TI, often in combination with a basal insulin, consistently re-
duced the incidence and frequency of both mild/moderate and severe hy-
poglycemic events under conditions of comparable glycemic control. The 
reduction in the risk of hypoglycemia in patients with type 2 diabetes under 
inadequate control may facilitate the introduction of insulin therapy.

Hypoglycemia Incidence(%) Odds 
Ratio

Odds 
Ratio
p Value

Event Rate (per 
100  
subject-months)

Event 
Rate p 
Value

TI s.c. insulin TI s.c. insulin
Mild/moderate 31.6 49.4 0.466 <0.0001 23.16 37.32 <0.0001
Severe 2.8 7.5 0.359 <0.0001 0.66 1.37 0.0184
Total 31.8 49.6 0.466 <0.0001 23.87 38.78 <0.0001

Supported by: MannKind Corporation
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919
Pulmonary function tests remain similar in patients who received 
Technosphere insulin and in patients currently receiving standard 
antidiabetic therapy
R. Petrucci, N. Amin, P. Lovertin, A. Boss, P. Richardson; 
MannKind Corporation, Valencia, United States.

Background and aims: Previous controlled clinical studies have demonstrat-
ed that regimens of basal insulin plus Technosphere Insulin (TI) were as ef-
fective as basal insulin plus rapid-acting s.c. insulin in patients with diabetes. 
In previously reported studies, we have been unable to detect a consistent 
change in pulmonary function tests (PFTs). Small but clinically non-sig-
nificant differences have been observed. This clinical trial was designed to 
assess the changes in pulmonary function after cessation of TI therapy and 
resumption of standard antidiabetic treatment in patients with type 1 or type 
2 diabetes.
Materials and methods: Adults with diabetes who participated in any of four 
controlled clinical trials of TI were invited to participate in this follow-up tri-
al to evaluate changes in PFTs after completing the study and being switched 
to usual antidiabetic therapy without TI. Patients were followed for a total of 
3 months after cessation of study therapy. PFTs were assessed at the end of the 
parent trial and 1 and 3 months after subjects completed the parent trial.
Results: Of 649 patients in this study, 315 subjects (121 with type 1 diabe-
tes, 194 with type 2 diabetes) received TI and 334 subjects (129 with type 1 
diabetes, 205 with type 2 diabetes) received the antidiabetic regimen without 
prandial TI during the parent trials. Small, non-progressive treatment group 
differences in mean changes from baseline in forced expiratory volume in 1 
second (FEV1) and carbon monoxide diffusing capacity (DLCO) observed dur-
ing the comparative phase of the controlled trials disappeared when compar-
ing the two groups at 3 months after cessation of TI therapy and resumption 
of standard antidiabetic therapy (FEV1: -0.08 l in the TI group, -0.11 l in the 
non-TI group [p=0.1388]; DLCO: -1.29 ml/min/mm Hg in the TI group, -1.37 
ml/min/mm Hg in the non-TI group [p=0.9360]). In addition, there was no 
statistical difference in FEV1 between the two groups when examining sub-
jects with type 1 and type 2 diabetes (p=0.6158 and p=0.1795, respectively).
Conclusion: These data suggest that the pattern and magnitude of PFT 
changes associated with the use of TI in subjects with type 1 and type 2 dia-
betes are not likely due to any structural alterations in the lungs and are not 
clinically meaningful.

920
Pulmonary functions (over 2 years) in diabetic subjects treated with 
Technosphere insulin or usual antidiabetic treatment
M. Phillips, N. Amin, A. Boss, P. Richardson; 
MannKind Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting inhaled 
insulin with an action profile that mimics early meal-related insulin release. 
The goal of this multicenter study was to evaluate and compare changes in 
lung function in diabetic subjects treated with TI or with usual antidiabetic 
treatment (UC).
Materials and methods: Pulmonary function tests (PFTs), including forced 
expiratory volume in 1 second (FEV1), forced vital capacity, total lung ca-
pacity, and carbon monoxide diffusing capacity (DLCO), were prospectively 
followed over a 2-year period in subjects with type 1 and type 2 diabetes mel-
litus receiving TI (n=730) or UC (n=824), along with a cohort of nondiabetic 
subjects who did not receive any specific therapy (n=145).

Results: The treatment groups were similar for age (TI group: 50.8±11.6 years; 
UC group: 50.4±11.6 years; p=0.40), gender distribution (p=0.85), proportion 
of ethnic group composition (p=0.93), and baseline PFT. Over 2 years, PFTs 
declined in all groups, including the nondiabetic group (Figure). TI was non-
inferior to UC for mean change in FEV1 from baseline to 24 months using 
Mixed Model Repeated Measure analysis with a prespecified non-inferiority 
margin of 50 ml/year. After a slightly larger initial decline at the first post-
baseline assessment visit, annual rate of change (slope) in PFTs from month 
3 to month 24 was not statistically different between the TI- and UC-treated 
subjects. Annualized change in FEV1 between 3 to 24 months was -0.047 l/year 
for TI-treated subjects and -0.036 l/year for UC-treated subjects (difference 
between the treatment groups, 0.010 l/year [95% CI -0.003, 0.022]); DLCO was 
-0.507 ml/min/mm Hg per year for TI-treated subjects and -0.455 ml/min/
mm Hg per year for UC-treated subjects (difference between the treatment 
groups, 0.117 ml/min/mm Hg per year [95% CI -0.058, 0.292]).
Conclusion: Small declines from baseline in PFTs were observed in diabetic 
subjects treated with TI and UC and also in subjects without diabetes. Ob-
served differences between TI and UC groups in the change from baseline in 
FEV1 and DLCO were small, noted at the first post-baseline assessment visit (3 
months) and thereafter remained non-progressive over 2 years of continuous 
therapy.

921
Pulmonary safety of inhaled Technosphere insulin therapy in adults with 
diabetes using high-resolution computerized tomography of the chest
A. Rossiter, N. Amin, R. Harris, A. Boss, P. Richardson; 
MannKind Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting inhaled 
insulin with pharmacokinetics well suited for control of postprandial plasma 
glucose. Because TI is intended to be administered via the pulmonary route, 
the TI clinical program was designed to assess possible radiological changes 
associated with the chronic use of TI therapy.
Materials and methods: Adult subjects with diabetes were evaluated with 
high-resolution computerized tomography (HRCT) of the chest during the 
clinical trials. In controlled clinical trials, MKC-TI-005 (N=217; 174 TI 
group, 43 Technosphere inhalation powder [TIP] group) and PDC-INS-0008 
(N=121; 60 TI group, 61 TIP group) subjects were randomized to receive TI 
or TIP without insulin. Chest HRCTs were obtained at baseline and at the end 
of the 12-week treatment period. After completion of these two trials, 206 
subjects continued in the uncontrolled open-label extension trial (MKC-TI-
010) and underwent annual chest HRCTs (or magnetic resonance imaging 
[MRI] in Germany) for up to 4 years. In addition, subsets of subjects with 
type 1 or type 2 diabetes participating in trial MKC-TI-030 (n=127; 55 TI 
group, 72 usual care [UC] group) were also randomized to an annual chest 
HRCT during the 24-month treatment period. All HRCT images were re-
viewed centrally following a prespecified adjudication protocol by an inde-
pendent, blinded, board-certified radiologist. All images for any subject with 
HRCT findings other than normal underwent secondary joint review by an 
independent board-certified radiologist (different from the primary review-
er) and an independent board-certified pulmonologist, who were blinded to 
the treatment group.
Results: A total of 667 subjects had a baseline and at least one post-baseline 
chest HRCT or MRI examination. Of these, 494 subjects were treated with 
TI, 101 were exposed to TIP, and 72 were in the UC group with no exposure 
to TI or TIP. Chest HRCTs for 94% of the TI group, 92% of the TIP group, 
and 96% of the UC group showed normal findings or the findings were not 
clinically significant (Table). Radiological findings considered abnormal and 
clinically significant consisted of atelectasis, septal thickening, peri-bronchial 
thickening, bronchial dilatation or mild bronchiectasis, one or more new or 
non-enlarging nodules, and ground glass densities; these findings were seen 
with comparable frequency in all three treatment groups.
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Conclusion: Overall, HRCT and MRI findings suggest that there were no 
clinically significant radiological changes from baseline in all three groups. 
Observed radiological findings were not suggestive of a safety signal with the 
long-term use of TI therapy.

Total Subjects with HRCTs (N=667)
HRCT Results Technosphere 

Insulin 
n (%)

Technosphere 
Inhalation  
Powder 
n (%)

Usual Care 
n (%)

Normal 140 (28.3) 40 (39.6) 14 (19.4)
Abnormal, not clinically 
significant

325 (65.8) 53 (52.5) 55 (76.4)

Abnormal, clinically  
significant

29 (5.9) 8 (7.9) 3 (4.2)

494 101 72

922
Fears of hypoglycaemia and complications in insulin-treated patients 
with diabetes in Japan: preliminary results of a multi-center study
K. Okazaki1, M. Nishi1, Y. Sano1, T. Murata2, K. Kotani1, M. Narimiya3,  
K. Yamada2, N. Sakane1; 
1Preventive Medicine, Kyoto Medical Center, 2Diabetes Center, Kyoto 
Medical Center, 3Internal Medicine, Nishisaitama-chuo Hospital, 
Tokorozawa, Japan.

Background and aims: Insulin-treated patients with diabetes seem to have 
many kinds of fear in their daily lives. Especially, fears of hypoglycemia and 
diabetic complications are considered major concerns of them. The aim of 
this study was to investigate which fear is mostly concerned among the fears 
of hypoglycemia, severe hypoglycemia, blindness, and dialysis in insulin-
treated type 1 and type 2 patients by a multi-center cross-sectional survey 
in Japan.
Materials and methods: The study design was cross sectional multi-cent-
er study using questionnaire. As of February 2008, 15 hospitals or clinics 
throughout Japan joined this study. The questionnaire was originally devel-
oped and consisted of occurrence of hypoglycemia (including severe and 
nocturnal hypoglycemia); fears of hypoglycemia, severe hypoglycemia, blind-
ness, dialysis; and socio-demographic factors (gender, age, height, weight, 
duration of diabetes, duration of insulin therapy, details of the therapy, status 
of complications, HbA1c, and so on). The strength of fear was measured by 
a 5-point Likert scale with 1 never feel fear, and 5 strongly feel fear. In this 
study, hypoglycemia was defined as a low blood glucose level less than 50mg/
dl by meter or any hypoglycemia-related symptoms and severe hypoglycemia 
was defined as a low blood glucose level that results in loss of consciousness 
or requiring the treatment from another person.
Results: By the end of February 2008, 554 patients and their physicians at out-
patient department of 15 hospitals or clinics had completed a questionnaire. The 
response rate was 75%. The total number of subjects was 554 (193 type 1 and 361 
type 2, mean age 57 years, male 52%, mean duration of diabetes 16.9 years, mean 
duration of insulin therapy 7.3 years, and mean HbA1c 7.3%). Fear scores were 
3.7 for hypoglycemia, 4.3 for severe hypoglycemia, 4.7 for blindness, and 4.7 for 
dialysis on a scale of 1 to 5. One way analysis of variance showed no significant 
difference between the fears of blindness and dialysis. However, there was sig-
nificant difference between complications and severe hypoglycemia (p<0.05). 
There was also significant difference between severe hypoglycemia and hypogly-
cemia (p<0.05). Additionally, using logistic regression analysis, two factors such 
as an experience of severe hypoglycemia in the past year and age were signifi-
cantly associated with an increased likelihood of fear of hypoglycemia (odds 
ratio = 3.5 and 1.0, respectively). Other factors such as gender, type of diabetes, 
duration of diabetes, presence of diabetic neuropathy and level of HbA1c were 
not significantly associated with fear of hypoglycemia.
Conclusion: Insulin treated patients with diabetes in Japan had stronger fears 
of complications than of hypoglycemia (blindness = dialysis > severe hy-
poglycemia > hypoglycemia). However, fear of hypoglycemia was definitely 
not low. Additionally, an experience of severe hypoglycemia in the past year 
was a major factor for fear of hypoglycemia. Thus, it seems to be critical for 
patients and health professionals to take various measures to reduce severe 
hypoglycemia.
Supported by: Health Labour Sciences Research Grant from Ministry of Health, 
Labour and Welfare, Japan
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923
Continuous glucose monitoring versus self-monitoring of blood glucose 
in non-pregnant patients with type 1 diabetes mellitus: meta-analysis 
and systematic review
K. Jeitler1,2, A. Siebenhofer2,3, A. Berghold3, E. Matyas2, N. Pignitter2,  
U. Püringer2, T.R. Pieber1,4, K. Horvath2,4; 
1Institute of Medical Technologies and Health Management, Joanneum 
Research, Graz, 2Department of Internal Medicine, EBM Review Center, 
Medical University of Graz, 3Institute for Medical Informatics, Statistics 
and Documentation, Medical University of Graz, 4Department of Internal 
Medicine, Division of Endocrinology and Nuclear Medicine, Medical 
University of Graz, Austria.

Background and aims: Continuous glucose monitoring (CGM) provides in-
formation about the direction and magnitude of changes in blood glucose lev-
els and thus theoretically facilitates optimal treatment decisions for patients 
with type 1 diabetes mellitus (T1DM). However, possible beneficial effects in 
terms of glycaemic control remain to be evaluated. The aim of this review was 
to compare the effects of CGM to self-monitoring of blood glucose (SMBG) 
on glycaemic control and the risk of hypoglycaemic episodes.
Materials and methods: A systematic literature search for controlled clinical 
trials was conducted in the electronic databases MEDLINE, EMBASE and 
CENTRAL up to November 2008 and a systematic review and meta-analyses 
were performed.
Results: From 18 studies fulfilling the inclusion criteria 6 did not provide 
sufficient data on HbA1c and 2 more had to be excluded because the authors 
did not report data separate for adults and children. Out of the 10 remain-
ing studies that could be included in the analyses of the HbA1c difference 
during follow-up, 2 provided data on adult patients, 6 on children only, and 
2 on both age groups. The juvenile subgroup (n=110) of one trial included 
adults as well and therefore was not included in our analyses. All trials were 
published after the year 2000, and the follow-up periods of those relevant 
for the meta-analyses ranged from 3 to 6 months. Based on their methodo-
logical quality, many studies were judged to be at risk for bias. Adults with 
T1DM (n=318): CGM use resulted in a statistically significant but clinically 
debatable difference in the change of HbA1c of -0.38% [-0.69, -0.06] (p=0.02) 
compared to SMBG. There was evidence of heterogeneity among the studies 
(I2=69%). Severe hypoglycaemia was comparable between the groups and oc-
curred in 0 to 10% of CGM patients and in 0 to 9% of patients in the SMBG 
groups. Children with T1DM (n=514): No significant difference between the 
intervention groups regarding the change in HbA1c during follow-up could 
be shown (-0.04% [-0.23, 0.16] (p=0.71)). The percentage of patients expe-
riencing at least one severe hypoglycaemic episode was comparable in both 
groups: 0 to 7% (CGM) vs. 0 to 10% (SMBG). Since reporting on mild hy-
poglycaemia and blood glucose fluctuation was scarce and heterogeneous for 
both adults and children, it was not appropriate to conduct a meta-analysis or 
reach a conclusive interpretation.
Conclusion: Use of CGM in the therapy of adults with T1DM resulted in a 
significant but clinically debatable reduction of HbA1c compared to SMBG, 
seemingly with a comparable rate of severe hypoglycaemia. In children with 
T1DM, CGM provides similar glycaemic control when compared to SMBG. 
The rates of severe hypoglycaemic episodes were comparable. More and larg-
er long-term studies are still needed to allow a firm conclusion about whether 
CGM use in the therapy of T1DM provides an additional beneficial effect 
compared to SMBG.
Supported by: Roche Diagnostics

924
Comparison of three different techniques for subcutaneous glucose 
monitoring in type 1 diabetic patients
J.K. Mader1, G. Köhler1, J. Plank1, M. Suppan2, D. Ikeoka1, H. Köhler2,  
T.R. Pieber1,2, M. Ellmerer1; 
1Internal Medicine / Endocrinology and Nuclear Medicine, Medical 
University Graz, 2Institute of Medical Technologies and Health 
Management, Joanneum Research GmbH, Graz, Austria.

Background and aims: Continuous subcutaneous glucose monitors might 
be important tools in the treatment of diabetes, revealing 24-hour glucose 
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patterns leading to a better adjustment of insulin therapy, and also in the 
establishment of closed loop systems. The aim of the present study was to 
investigate and compare the accuracy between two marketed products and 
a standard microdialysis sampling technique with reference measurements 
from arterialized venous blood in type 1 diabetic patients.
Materials and methods: Seven type 1 diabetic patients (age: 32.7 ± 8.1 years; 
BMI: 25.0± 1.8 kg/m²; diabetes duration: 14.6 ± 7.0 years) were investigated 
over a period of 26 hours in an inpatient setting. For subcutaneous glucose 
monitoring, the Guardian RT system (subcutaneous glucose sensor; GRT), 
the GlucoDay S system (microdialysis based extracorporeal glucose sensor; 
GDS) and a standard microdialysis catheter (MD) for sampling of interstitial 
fluid were applied. For reference glucose measurements, arterialized venous 
samples were obtained in frequent intervals and analyzed using a Beckman 
Analyzer. GRT and GDS systems were calibrated according to manufactur-
ers’ instructions. Measurements from interstitial fluid were analyzed using a 
Cobas Mira analyzer and prospectively calibrated to reference six hours after 
catheter insertion.
Results: Whereas all MD systems could be applied without restrictions, 2 
subjects of GRT and 1 subject of GDS were not included in the analysis due 
to malfunction of the devices. Mean glucose difference [2SD] between ref-
erence blood glucose vs. interstitial glucose readings were as follows: GRT 
-10.5 [41.8]%; GDS 20.2 [55.9]%; and MD 6.5 [35.2]%, respectively. Median 
absolute relative difference (MARD) was 15.0[5.6; 23.4]% (median[IQR]) for 
GRT, 19.7[6.1; 37.6]% for GDS and 8.7[4.1; 18.3]% for MD, respectively.
Conclusion: Individual glucose readings indicated substantial deviations 
from reference blood glucose. Although the systems appear adequate for 
retrospective data analysis or as an adjunctive measure to reference glucose 
measurements, subcutaneous measurement technologies require substantial 
improvement until therapeutic decisions can be drawn from individual glu-
cose readings.
Supported by: the European Commission as part of the CLINICIP project

925
Accuracy of a novel intravascular fluorescent continuous glucose sensor 
in an 8 hour outpatient clinical feasibility study
H.C. Zisser1, L. Jovanovic1, U. Khan1, T. Peyser2, S. Gamsey2, M. Romey2,  
H. Spencer2, J. Suri2, D. Markle2; 
1Clinical Research, Sansum Diabetes Research Institute, Santa Barbara, 
United States, 2Glumetrics, Irvine, United States.

Background and aims: The results of the Nice-Sugar study have raised ques-
tions about the appropriate target levels for tight glycemic control (TGC) in 
ICU patients. The increase in mortality in the intensive control group may 
have been related to the fourteen-fold increase in episodes of severe hypogly-
cemia (< 40 mg/dL) compared with the conventional control group. A con-
tinuous glucose sensor (CGM), accurate in the hypoglycemic range, has been 
cited as a new technology that could permit successful implementation of 
TGC in the critically-ill in the future without increasing the risk of severe 
hypoglycemia. The purpose of the study was to assess the accuracy of a novel 
fluorescent intravascular CGM, the GluCath, in human subjects, especially in 
the hypoglycemia range.
Materials and methods: The sensor is based on quenched-fluorescence us-
ing a modified boronic-acid glucose receptor. The sensor chemistry is im-
mobilized in a hydrogel matrix and placed on the distal tip of an optical 
fiber which can be inserted in a blood vessel. In the presence of glucose, the 
bond between the quencher and the fluorophore is weakened resulting in an 
increase of fluorescence. In contrast to electrochemical enzymatic sensors, 
the GluCath fluorescent sensor exhibits a nonlinear modulation response 
function giving the highest level of accuracy in the hypoglycemic range. Red 
blood cells are excluded by a microporous membrane surrounding the sen-
sor and by the hydrogel, resulting in a measurement of plasma glucose. The 
sensor was evaluated in an 8-hour outpatient feasibility study. The sensor was 
placed in a peripheral vein at the antecubital fossa in five subjects with type 1 
diabetes. Sensor insertion was performed using a 22 Ga needle and a retract-
able cannula.
Results: One sensor failed during insertion due to mechanical damage. 
Data from the other four sensors were taken at one-minute intervals and 
compared with hospital and laboratory blood glucose measurements from 
venous samples in the contralateral arm every 15 minutes. Data was ana-
lyzed retrospectively using a temperature-corrected factory calibration with 
a one-point in vivo adjustment made within thirty minutes of the sensor 
insertion. The GluCath results were compared with measurements made on 
an ABL Radiometer 805, a Yellow Springs Instrument analyzer 2300 StatPlus 

and the LifeScan SureStep Flexx Pro. Comparison of the GluCath results to 
the Radiometer values found the GluCath accuracy met the performance 
standard in ISO-15197: 100% (30/30) of all values </= 75 mg/dL were within 
±20% of the reference values. The mean absolute relative difference (MARD) 
was 8.95%.
Conclusion: This is the first use in human subjects of a fluorescent glucose 
sensor. The sensor was found to be highly accurate compared with laboratory 
reference measurements, especially in the hypoglycemic range. Sensors of this 
type may be useful in the future in permitting safe and effective implementa-
tion of TGC protocols in the critically-ill and other hospitalized patients.
Supported by: Glumetrics

926
Intensification of therapy and better glucose control after the continuous 
use of real time glucose monitoring combined with insulin pump (PRT 
system) in type 1 diabetes mellitus
A.C. Pappas1, O. Kepaptzoglou2, E. Kyrlaki1, I. Taraoune2, M. Sfakianaki1,  
P. Garoutsou2, H. Vasilopoulos3, N. Kefaloyannis1, C.S. Zoupas2; 
1Diabetic Clinic, Venizelion Hospital, Heraklio, Crete, 2Diabetes Center, 
“Hygeia” General Hospital, Athens, 3Diabetes Center, “Evaggelismos” 
General Hospital, Athens, Greece.

Background and aims: JDRF- Study demonstrated that the continuous use 
of REAL- Time Continuous Glucose Monitoring (RT-CGM)can be associ-
ated with improved glycemic control in Type1 Diabetes. PRT is an Insulin 
Infusion Pump combined with a RT-CGM. The aim of our study was to eval-
uate the effect of PRT on glycemic control, glucose fluctuations and insulin 
requirements for a long period of time.
Materials and methods: A total of 11 patients, mean age 34.0±20.3 years 
and diabetes duration 16.7± 9.1 years (X± SD), wore the Sensor-Augmented 
Pump system continuously for 12 months. Eight of them continued the con-
tinuous use for 18 months. All subjects for educational purposes were only on 
RT-CGM during the 1th month (remained on MDI). The Pump therapy was 
added the 2th month. HbAlc, average monthly glucose, hypo/hyperglycemic 
excursions, total daily dose (TDD) and mean units/bolus were evaluated at 
baseline, 4, 6, 12 and 18 months respectively
Results: HbAlc(%) decreased from 8.14±1.70 at baseline, to 6.88±0.58 and 
6.71±0.37 after 4 and 12 months (p=0.019). Glycemic control improved from 
the beginning and the average Daily and Monthly Glucose Values did not 
significantly differ after 1, 4, 6, and 12 months. The average Area Under the 
Curve (AUC) above 180 mg/dl*24h tend to be reduced after the introduction 
of Pump and remained lower at 12th month. Average AUC below 70mg/dl 
remained constant throughout the study period. Severe hypoglycemia oc-
curred only once! No significant weight gain was noticed. There was a sta-
tistically significant decrease of TDD of Insulin from 53.27±7.90 in baseline 
to 45.22±14.19 and 43.87±14.30 units at 4 and 12 months. In addition the 
TDD of Bolus Insulin decreased gradually despite the increased number of 
boluses given by the patients in order to be proactive to high glucose excur-
sions. (Table1).

Table I: 11+8 patients, 1 year and 18 months continuous use
11 patients 8 patients
Base-
line

4 
months

12 
months

p Base-
line

4 
months

12 
months

18 
months

p

Mean  
Glucose 
(mg/dl)

142.2 142.6 140.1 148.8 149.8 143.5 147.3

Std  
Deviation 
(mg/dl)

52.1 51.0 47.4 54.8 52.6 48.6 53.5

AUC above  
180 mg/dl 
(mg/dl*24h)

9.75 8.86 7.70 11.98 10.79 8.28 10.18

AUC below  
70 mg/dl  
(mg/dl*24h)

0.47 0.33 0.51 0.45 0.33 0.46 0.40

HbA1c (%) 8.15 6.88 6.71 0.019 8.65 7.11 6.83 6.86 0.022
TDD (units) 53.27 45.22 43.87 0.022 54.00 43.85 44.14 46.44 ns
No Bolus 3.00 6.17 6.82 <0.001 3.00 6.17 6.70 6.85 <0.001
Mean Units/
Bolus

8.29 4.40 3.25 <0.001 8.52 3.48 2.93 2.69 0.001
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These results are significantly certified in the group of 8 patients after 18 
months of use. HbA1c and glucose variability remain stable. We observed a 
further statistically significant increase of the number of bolus/day between 
4th and 18th month of use. (6.17±2.03 vs 6.85±1.66, p<0,05) and at the same 
time a decrease of the mean units/bolus (3.48±0.66 vs 2.69±1.31 p<0,05)
Conclusion: The continuous use of PRT provides a useful tool to normalize 
glycemic control in T1DM. It decreases HbA1c and AUC of high glucose ex-
cursions. To derive full potential benefit from RT-CGM, patients were driven 
by the system to the intensification of insulin therapy with more frequent 
bolus but with less units/bolus. As the time pass the patient learns to react 
correctly to the predictive alarms of high and low excursions and remains 
motivated to achieve his targets for a long period of time

927
Evaluation of the effect of different sensor insertion methods on the 
accuracy of a continuous glucose monitoring system
W.K. Doll, W. Regittnig, S. Korsatko, S. Lindpointner, E.-M. Pichler,  
E. Krusinova, T.R. Pieber, M. Ellmerer; 
Endocrinology and Nuclear Medicine, Medical University Graz, Austria.

Background and aims: Continuous glucose monitoring may offer the impor-
tant advantages of decreasing the risk of severe hypoglycemia and improves 
the adjustment of insulin therapy in type 1 diabetes. Recently several use-
ful continuous glucose sensing devices have been brought to market. Most 
of them measure glucose in subcutaneous adipose tissue (SAT) by applying 
an enzyme-tipped catheter sensor. Placing the catheter sensor in the SAT is 
usually performed with the help of the inserter provided by the sensor manu-
facturer. The sensor insertion is then typically followed by a run-in period 
during which sensor sensitivity might be attenuated and unstable. It has been 
shown that the duration of the run-in period may last up to ten hours before 
the sensor attains steady-state glucose sensing conditions. One explanation 
for this prolonged run-in period may be an increased tissue trauma caused by 
the commercial product sensor inserter. The aim of the present study was to 
compare a commercial product sensor insertion technology with a manual, 
less invasive sensor insertion method.
Materials and methods: After an overnight fast, four identical glucose sen-
sors were inserted in the SAT of 15 healthy volunteers, whereby two of the 
sensors were placed using a commercial product sensor inserter (AUTO_1, 
AUTO_2) and two were inserted manually by lancing the skin with a 0.6 
mm needle and placing the sensor into the pierced tissue (MAN_1, MAN_
2). The glucose data obtained from each sensor were calibrated against the 
plasma glucose value obtained 30 minutes after sensor insertion and the glu-
cose sensor data were recorded continuously over a period of 11 hours. To 
quantify possible sensitivity changes we calculated the time courses of the 
Normalized Glucose Sensitivity (NGS) for each sensor as the ratio between 
the observed sensor glucose and plasma glucose values, normalized to the 
median sensitivity value obtained during the last hour of the experiment 
(hour 10 to 11).
Results: The glucose concentration measured with the AUTO-sensors fell 
rapidly during the first 3h after insertion, and then declined more slowly dur-
ing the remainder of the study. A comparable behavior was observed for the 
MAN-sensors, however the rate of decline during the first 3h was less pro-
nounced. By the end of the experiment glucose concentrations of the AUTO- 
and MAN-sensors were 49.3 ± 4.2 mg/dl and 58.9 ± 2.5 mg/dl, respectively. 
Both concentrations were significantly lower than the corresponding plasma 
glucose concentration (78.6 ± 1.1 mg/dl, p<0.01). This pattern of decline was 
also reflected in the shape of the derived NGS time courses, where during the 
first 3h the NGS for AUTO- and MAN-sensor fell rapidly to a value of 73.5 
± 4.8% and 87.6 ± 3.0% of the initial NGS value, respectively. Thereafter the 
NGS of both sensors decreased more slowly with comparable rates. By the 
end of the study, at 11h, the final NGS values for AUTO- and MAN-sensors 
were 63.1 ± 5.2% and 75.1 ± 3.3% of the initial NGS value (p<0.01).
Conclusion: The results obtained from these experiments indicate that sen-
sor insertion into SAT is associated with sensitivity attenuation and that this 
attenuation is less pronounced with manually inserted glucose sensors com-
pared to those placed with a commercial product sensor inserter. Thus, the 
duration of the run-in period after sensor implantation may be shortened 
when less invasive insertion techniques are applied.

928
Time lag differences of two continuous glucose monitoring systems
S.K. Garg, M. Voelmle, P.A. Gottlieb; 
Barbara Davis Center, University of Colorado Denver, Aurora, United States
.
Background and aims: The potential time lag between a subcutaneous sen-
sor measuring electrons resulting from the glucose oxidase reaction using in-
terstitial glucose (IG) and the venous blood glucose (BG) is currently not well 
understood. The aim of this pilot study is to evaluate the total system time lag 
of two FDA approved continuous glucose monitoring (CGM) systems, the 
SEVEN® and the Navigator®, as compared to YSI laboratory measurements; 
in adults with type 1 diabetes.
Materials and methods: Fourteen subjects with type1 diabetes, 33 ± 6 (mean 
± SD) years old, contributed frequently sampled venous (~15 minutes)YSI 
blood glucose readings during three 8-hour in-clinic sessions conducted on 
days 5, 10, and 15 of this 15 day study. All subjects wore both CGM systems 
concurrently during the entire 15 days (both sensors changed every 5 days). 
YSI and CGM data from the in-clinic control sessions were evaluated for the 
time lag between IG and BG. The total system time lag of both CGM systems 
was estimated using various regression method related statistical estimators, 
including correlation coefficient, transformed R-squared Acceptance Criteria 
(AC), Root Mean Squared coefficient of Variation (RMS (CV)), Root Mean 
Squared Error (RMSE), and Mean Absolute Relative Difference (MARD). 
The time lag was assessed by linearly interpolating and then time shifting the 
CGM curves to obtain the optimum statistics criteria. A non-parametric Wil-
coxon test was used to test the difference between the two CGM systems in 
the time lag estimate. Time lags were also estimated for steady state, increas-
ing, and decreasing rates of change of glucose. A bootstrapping re-sampling 
analysis was also used to provide a 95% confidence interval for each time lag 
estimate.
Results: The overall time lag based on correlation coefficient criteria is es-
timated as 4.5±5 minutes (median±IQR) for the SEVEN System, and15±7 
minutes for the Navigator System. The overall range of the estimator’s median 
estimated total time lag, in minutes, for the two CGM systems versus YSI was 
different: [2,6] and [14,15] for SEVEN and Navigator, respectively (p < 0.01, 
for every time lag estimator; Table). The estimated time lags based on differ-
ent statistical measures are similar within each CGM system 

Conclusion: Our study findings suggest that the use of commonly accessible 
statistics for the application to time lag estimation of CGM systems, such as 
correlation statistics, offer estimates that are comparable to more sophisti-
cated approaches. The clinical significance of this difference in the time lag 
(SEVEN’s total lag time at least 2 fold less than that of the Navigator) needs to 
be further evaluated in a larger clinical study.

929
Continuous Glucose Monitoring (CGM) reduces glucose variability and 
improves glycaemic control in patients using Multiple Daily Injections 
(MDI) or insulin pumps
D. Rodbard1, S. Garg2, L. Jovanovic3; 
1Clinical Research and Biostatistics, Biomedical Informatics Consultants 
LLC, Potomac, 2Clinical Research, Barbara Davis Center for Diabetes, 
Aurora, 3Clinical Research, Sansum Research Institute for Diabetes, Santa 
Barbara, United States.

Background and aims: We compared the effectiveness of CGM with real 
time display in patients with type 1 diabetes utilizing MDI vs Continuous 
Subcutaneous Insulin Infusion (CSII; Insulin Pump).
Materials and methods: CGM using DexCom SEVEN was studied in 64 pa-
tients with type 1 diabetes using MDI (26 patients) or CSII (38 patients), The 
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CGM data was masked during Week 1 and displayed during Weeks 2 and 3. 
We computed 30 parameters of glucose variability and glycemic control.
Results: Fifteen parameters significantly improved in response to CGM dis-
play (P<0.05), e.g., the relative percentage of glucose values within the target 
range (3.9-7.8 mmol/l) increased by 17% and 19% during the display period 
for CSII and MDI respectively. There were significant reductions in the mean 
glucose, standard deviation (SD), SD between daily means (SDdm), SD be-
tween days - within time periods (SDb), and Service’s Mean Amplitude of 
Glycemic Excursion (MAGE) and Mean of Daily Differences (MODD). There 
were improvements in quality of glycemic control (Schlichtkrull’s M5.56 (refer-
ence glucose 5.56 mmol/l or 100 mg/dL), Wojcicki’s J Index, a new Index of 
Glycemic Control (IGC), and Hill’s GRADE score (Figure). Changes were 
linearly related to baseline A1C but these relationships were not significantly 
different between groups.
Conclusion: Use of CGM SEVEN system with continuous display in subjects 
with type 1 diabetes resulted in significant improvements in multiple meas-
ures of glucose variability and glycemic control. These improvements were 
indistinguishable in patients using MDI and CSII.

Figure Legend: Ordinate: % improvement with display of CGM during Week 
3 relative to control Week 1 (no display). Abscissa: Measures of Glycemic 
Variability and Glycemic Control for patients with type 1 diabetes using CSII 
(white bars) or MDI (black bars). When CGM data were displayed in real 
time, there was significant improvement (P<0.05) in 15 parameters, but there 
were no significant differences between CSII and MDI (P>0.05). M5.56, IGC, 
and GRADE are averages of related but distinct noninear transformations 
of glucose values giving greater influence to glucose values that fall progres-
sively further outside the target range.
Supported by: DexCom, Inc., San Diego CA USA

930
New features and performance of a next generation SEVEN day 
continuous glucose monitoring system with apparent short lag time
T. Bailey1, H. Zisser2, A. Chang3; 
1AMCR Institute, Escondido, 2Sansum Diabetes Research Institute, Santa 
Barbara, 3John Muir Physician Network, Concord, United States.

Background and aims: Since the introduction of the continuous glucose 
monitoring system for diabetes management, there have been significant 
technological advances. The purpose of this study was to establish the new 
features and evaluate the performance of SEVEN® system (DexCom, Inc.), the 
next generation version of seven (7) day, real-time continuous glucose moni-
toring (CGM) system, as well as to evaluate the lag time between the subcuta-
neous (ISF) glucose and parallel reference blood glucose (BG) in a controlled 
in-clinic setting. Accuracy was compared relative to Yellow Springs Instru-
ment (YSI) and self-monitoring of blood glucose (SMBG) measurements.
Materials and methods: Fifty-three (53) subjects were enrolled at 3 US cent-
ers. 43 (81%) of the subjects had T1DM and 10 (19%) had insulin-requiring 
T2DM. Subjects inserted and wore 1 or 2 sensors for 7 days. A subgroup of 
patients (n=18) wore 2 sensors to track precision. Subjects participated in one 
8h in-clinic session with blood draws every 15 minutes on study Day 1, 4, or 
7 to collect YSI and SMBG reference measurements. For the remainder of the 
week, CGM was used as an adjunct to SMBG during out of clinic monitor-

ing. Clarke-Error Grid Analysis (EGA) and Continuous Glucose Error Grid 
Analysis were used to quantify the clinical accuracy of CGM in reference to 
laboratory standard YSI. Various statistics measurements includes Pearson 
correlation coefficient (ρ), regression root mean squared Coefficient of Vari-
ations (RMSCV), and R-squared of transformed linear regression (R2),were 
used to estimate the time lags associated with subcutaneous (ISF) glucose 
sensing and parallel reference blood glucose (BG).
Results: User features, such as sensor life (89% lasted 7 days) and data capture 
(87% of sensors provided 76-100% of readings) were significantly improved 
relative to the current generation SEVEN system. The overall median Abso-
lute Relative Difference (ARD) vs. YSI was 13.0%. The pooled %20/20 accura-
cy results relative to YSI was 76.1%. A and B regions of the Clarke Error Grid 
of CGM measurements was 73.8% and 22.1%, respectively. Precision ARD 
was 15.3% ± 6.2% (mean ± SD). The median ARD vs. SMBG was 12.1%. No 
difference was found between in-clinic and out of clinic monitoring. Glucose 
rate of change (trend arrow) and data input were made available for the users. 
The time lag obtained with various measures, between CGM and YSI blood 
samples were similar and estimated as 7 ± 10 minutes (median ± IQR). Sub-
jects elected to check and view the glucose trend while wearing the SEVEN 
PLUS receiver 44 ± 21 (mean± STD) times per day. No serious adverse events 
or infectious complications were reported. 
Conclusion: We conclude that use of this new generation of a 7-day con-
tinuous glucose monitoring device was accurate, safe, well-tolerated and 
frequently-used. This study is the first to show all characteristics of the new 
generation of SEVEN PLUS device. The performance of the system compares 
favorably to the current SEVEN system in terms of accuracy, precision, sen-
sor life, and rate of data capture. Analysis of data suggests a short lag time, 
which may help patients better manage their diabetes.
Supported by: Dexcom Inc.

931
Safety of overnight closed-loop using FreeStyle Navigator® continuous 
glucose monitoring system (FSN) and model predictive control (MPC) 
algorithm: in silico assessment
M.E. Wilinska1, E.S. Budiman2, J.A. Allen1, D. Elleri1, C.L. Acerini1,  
G.A. Hayter2, M.B. Taub2, D.B. Dunger1, R. Hovorka1; 
1Institute of Metabolic Science, University of Cambridge, United Kingdom, 
2Abbott Diabetes Care, Alameda, United States.

Background and aims: Hypo- and hyperglycaemia during closed-loop (CL) 
insulin delivery based on subcutaneous glucose sensing may arise due to (i) 
over- and underdosing of insulin by control algorithm and (ii) difference be-
tween plasma glucose (PG) and sensor glucose (SG), which may be transient 
(kinetics origin and sensor artifacts) or persistent (calibration error). Using 
extensive in silico testing, we assessed hypo- and hyperglycaemia risk during 
overnight CL and made comparison against incidence observed during open-
loop (OL) studies in young people with type 1 diabetes (T1D) treated by CSII.
Materials and methods: Simulation environment comprising 18 virtual sub-
jects with T1D and combining experimentally-derived characteristics of FSN 
sensing error was used to simulate overnight CL study with MPC algorithm. 
A 15 hour long experiment started at 17:00 and ended at 08:00 the next day. 
CL commenced at 21:00 and continued for 11 hours. At 18:00, protocol in-
cluded meal (50g CHO) accompanied by prandial insulin. MPC algorithm 
advised on insulin infusion every 15min. Transient SG-PG differences were 
obtained by combining model of interstitial-plasma glucose kinetics with 
FSN error artifacts calculated as a difference between two sensor traces pro-
vided by simultaneously inserted sensors in 58 subjects with T1D over 194 
night-time periods. Persistent SG-PG difference due to FSN calibration error 
was quantified from 585 sensor insertions yielding 1421 calibration sessions 
from 248 subjects with diabetes.
Results: Episodes of severe (PG<2.0mmol/l) and significant (PG<2.5mmol/l) 
hypoglycaemia, and hyperglycaemia (PG>16.7mmol/l) were extracted from 
18,000 simulated CL nights. Severe hypoglycaemia was not observed when 
calibration error defined as (SG - PG)/PG was less than 40%. Hypo- and hy-
perglycemia frequency during OL was assessed from 21 overnight studies in 
17 young subjects with T1D (M 8; age 13.5±3.6 yrs; BMI 21.0±4.0 kg/m²; 
duration diabetes 6.4±4.1 yrs; A1C 8.5±1.8%; mean±SD) participating in 
the Artificial Pancreas project at Cambridge. Severe and significant hypogly-
caemia occurred once every 105 and 5.6 years during CL compared to once 
every 21 and 10.5 days during OL, respectively. Hyperglycaemia occurred 
once every 278 weeks during CL and once every 2.3 days during OL. Recali-
brating FSN when difference between SG and PG exceeded 3mmol/l reduced 
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frequency of severe and significant hypoglycaemia during CL to 353 years 
and 7.4 years.
Conclusion: Using simulations with experimentally-derived FSN error, the 
risk of severe and significant hypoglycaemia reduced 2000 and 200 fold dur-
ing overnight CL with MPC control compared to that observed during OL. 
Hyperglycaemia was 800 times less likely. Overnight CL with FSN and MPC 
control is expected to reduce substantially the risk of hypo- and hyperglyc-
emia.
Supported by: JDRF and NIHR
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932
Improved system for non-invasive glucose monitoring at home
S. Zilberman1, A. Kononenko1, A. Weinstein1, E. Gabis1, A. Karasik2,3; 
1OrSense LTD, Nes Ziona, 2Endocrinology Dept., Sheba Medical Center, 
Ramat Gan, 3Faculty of Medicine, Tel-Aviv University, Israel.

Background and aims: OrSense has developed the NBM device, a general 
platform for non-invasive detection of blood analytes. The device is based 
on red/near infrared Occlusion Spectroscopy technology, which has been 
previously shown to measure blood glucose (BG) accurately. The NBM uses 
a multi-wavelength sensor shaped as a ring, located at the finger’s base. It 
utilizes an enhanced optical signal resulting from a temporary over systolic 
occlusion produced by a finger based pneumatic cuff. OrSense’s NBM device 
has recently entered the clinic as a device for hemoglobin and oxygenation 
determination. In the present study we evaluate the performance of a new 
sensor, which includes improved mechanical and optical design, as well as a 
new calibration scheme. The device was operated in a profiler mode, which 
reports the daily BG profile at the end of each daily session.
Materials and methods: The trial was carried out in a home-like setting. The 
NBM’s probe was placed on each patients’ thumb, where it performed non-
invasive continuous measurements for up to 10 hours, with readings every 
10 minutes. Four calibration points were used in each session in proximity 
to breakfast and lunch times (one calibration point just before each meal and 
another, one hour after each meal starts). Accuracy was assessed by com-
paring NBM data with paired self-monitoring blood glucose meter readings 
(FreeStyle, Abbot Inc.), taken at 30 minutes intervals. A total of 150 sessions 
were carried out on 9 patients (7F, 2M; 26-70 y/o; 4 Type 1, 5 Type 2; 6 sub-
jects participating in 20-26 sessions each, and the 3 other in 2-4 sessions). 20 
sessions were excluded from our analysis due to calibration failures as identi-
fied by our algorithm.
Results: Reference BG values were in the range 47 to 378 mg/dL. In all cases 
there was good patient compliance and no adverse effects were identified. The 
median relative absolute deviation (RAD) is 11.2%. Clarke error grid analysis 
based on 1926 paired data points shows that 98.3% of the results are in the 
A+B zone, with 68.8% in the clinically useful A zone, 29.5% in the clinically 
benign B zone and none in the potentially dangerous E zone. Deming regres-
sion slope is 1.0 (assuming variances ratio λ=1).
Conclusion: This study substantiates the potential use of OrSense’s NBM 
device as a non-invasive sensor for continuous BG monitoring. The device 
was comfortable for subjects, safe and well tolerated. Further studies are un-
derway, to examine use of this truly non-invasive continuous glucose-sensing 
device in other settings.

933
Wavesense algorithms account for haematocrit variations while 
determining blood glucose
A. Rao, S. Iyengar, M. Wiley, E. Mallery; 
AgaMatrix, Inc., Salem, United States.

Background and aims: Studies have shown that controlling blood glucose 
can reduce the onset and progression of the long-term microvascular and 
neuropathic complications associated with the chronic course of diabetes 
mellitus. Blood glucose monitoring is a very useful metric to evaluate glyc-
emic control at a point in time. Effective interpretation of readings is depend-
ent on obtaining frequent and accurate glucose readings. While frequency of 
testing depends on patient motivation, measurement accuracy is influenced 
by a variety of known factors. It is understood that system errors attributable 
to sample characteristics such as: hematocrit (Hct), testing environment (am-
bient temperature, humidity) or manufacturing errors (lot-to-lot variability 
in reagent strips) can all affect blood glucose readings.
Hematocrit affects results of blood glucose testing because red blood cells in 
the sample can alter the ratio of blood glucose to plasma glucose, as well as 
the flow of plasma and delivery of oxygen into the test strip. Blood glucose 
meters typically tend to underestimate blood glucose levels at higher Hct, and 
overestimate the levels when the Hct is lower-than-normal. The positive and 
negative bias are relevant because Hct variations are quite common in the 
diabetic population. Renal dysfunction can cause anemia, while smoking or 
living at high altitudes can lead to an increase in red blood cells. Wavesense 
technology includes a suite of algorithms that corrects for several different 
sources of errors and variations, including hematocrit.
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Materials and methods: A total of 416 adult patients previously diagnosed 
with either of Type 1 or Type 2 DM were tested using Wavesense Technology 
no code meters embedded with novel algorithms for improving accuracy. The 
studies were conducted at 4 different locations with known differences in cli-
matic conditions. Results from fingerstick samples were correlated with the 
YSI 2300 Stat Plus.
Results: The results demonstrate that the bias does not change over a wide range 
of Hct (31 - 53.8) since the linear regression has a slope close to zero (Figure 1). 
Conclusion: Wavesense algorithms account for the variations in Hct and 
thus strive to provide better readings that may be helpful in achieving tighter 
glycemic control in the management of DM.

Figure 1: A slope &0.0014) near zero indicates that the bias does not change 
with Hct (n=471)

934
New optical method for blood glucose self-monitoring
P. Herbrechtsmeier1, A.J. Mueller1, C. Hasslacher2, G.U. Auffarth3; 
1EyeSense GmbH, Großostheim, 2St. Josefskrankenhaus, Heidelberg, 3Univ. 
Augenklinik, Heidelberg, Germany.

Background and aims: Blood sugar self- monitoring is a basic component of 
diabetes therapy. Since years new technologies capable of doing this without 
taking a droplet of blood via finger pricking are in high demand. So far all 
approaches failed mainly due to insufficient accuracy.
Materials and methods: The goal of the new concept is to overcome the hur-
dles of the alternative measuring technologies by using a glucose specific sen-
sor placed at a body site, which basically lacks severe foreign body reactions. 
This is the eye used as a window to the body and benefiting from an immune 
privilege. More specifically, a small hydrogel chip with a chemical sensor in it 
is inserted below the conjunctiva in a painless minimally invasive procedure. 
The read out of the glucose concentration is done optically with the help of a 
small, handheld photometer.

Results: A clinical study was run with 11 insulin-dependent diabetics in 44 
measurement series over 18 days. 1944 combined data points were registered. 
An excellent correlation with corresponding conventionally measured blood 
glucose concentration was found (r=0,93 p< 0,001). The Clarke Error Grid 
Analysis resulted in more than 99,5% of data points falling into combined 
zones A and B. 7 data points fall in zone D, however, they droped out of zone 
A by only 2 - 3 mg/dL. The mean average relative error was 10,3%. A lag time 
of 5 - 15 min was observed versus capillary blood measurements depending 
on the dynamics of blood glucose changes. Patients experienced the inser-
tion as painless and simple. The implant was well tolerated over the whole 
wearing time.
Conclusion: The first clinical results impressively show the potential of the 
new technology to replace finger sticking for blood glucose measuring. It al-
lows non-invasive measurement after the insert is placed below the conjunc-
tiva in a convenient way, reversibly as often as wanted without extra costs.

935
A truly non-invasive SMBG device for home use
A. Gal1, I. Harman-Boehm2, A. Raykhman3, V. Kashin3, J. Zahn4,  
V. Dobrushkin5, Y. Mayzel1, E. Naidis1; 
1Integrity Applications, Ltd., Ashkelon, Israel, 2Internal Medicine and 
the Diabetes Unit, Soroka University Medical Center, Beer-Sheva, Israel, 
3InESA Inc., East Greenwich, United States, 4Department of Biomedical 
Engineering, Rutgers, the State University of New Jersey, Piscataway, United 
States, 5Division of Applied Mathematics, Brown University, Providence, 
United States.

Background and aims: For over a decade, the medical and industrial com-
munities struggle to provide an answer for people with diabetes and replace 
painful finger- prick glucose monitoring with a non-invasive methodology. 
Generally, Non-Invasive (NI) devices measure physiological phenomena 
which are reflected in tissue parameters changes that are correlated with 
blood glucose. These devices (in development stages) produce either trend 
analysis or continuous glucose values. However, the actual glucose value de-
rived from such correlation is different than the real glucose value, since fac-
tors, other than glucose, influence tissue parameters as well and cause inaccu-
racies in the reading. Previous publications suggest a unique way to minimize 
the impact of such disturbances through an approach of combining technolo-
gies. Three independent NI methods are used: Ultrasound, Electromagnetic 
and Thermal. The weighted average reading reflects blood glucose value with 
smaller impact of interferences, leading to more accurate, real-time (prospec-
tive) spot glucose readings. 
Materials and methods: Clinical trials were performed at the Diabetes Unit, 
Soroka University Medical Center, Beer-Sheva, Israel. 30 subjects were evalu-
ated (427 measurement pairs): 5 T1DM (2F, 3M), 25 T2DM (11F, 14M), aged 
52 ± 29 years, BMI of 30.9 ± 9.1Kg/m2. The measurements were performed 
externally on the earlobe, which has a large blood supply and is also a con-
venient site that doesn’t interfere with daily activities. The calibration was in-
dividually performed against invasive basal and post-prandial blood glucose 
references using HemoCue® Glucose 201+ Analyzer from capillary fingertip 
blood. The calibration procedure is easy, takes about 1.5 hours and more im-
portantly, valid for one month. The majority of the values during the trials 
were measured on a different day than the calibration process.
Results: Clarke Error Grid analysis of the weighed result shows 98% of the 
points in the clinically accepted zones A+B, of which 61% in zone A. MARD-
mean is 21.3% and MARDmedian is 15.9 %. Further work is currently done to 
improve the accuracy level even further.
Conclusion: We have shown that the present model of GlucoTrack™ gives 
promising results. The upgraded version is in its final stages and new set of 
clinical trials is scheduled for April 2009. A key benefit of the device is its 
long intervals between re-calibrations and the ability to perform frequent 
spot measurements without the need to continuously wear the device. This 
small, i-pod size, user friendly and easy to operate device is intended for 
home use and provides answers for the diabetic population. The device can 
mainly (however not only) be beneficial for non-insulin dependent type 2 
DM, because it does not need to be worn continuously and does not require 
expendables. GlucoTrack will improve monitoring adherence and allow dia-
betics a frequent and painless way to monitor and track their BG, leading to 
tighter glucose control.
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936
Laboratory investigation for the assessment of haematocrit interference 
on handheld blood glucose meters for patients’ self blood glucose testing
T. Forst, P.B. Musholt, M. Schneider, M. Dannappel, A. Pfützner; 
R&D, IKFE Institute for Clinical Research and Development, Mainz, 
Germany.

Background and aims: Recent reports have indicated that the majority of 
hospital-based point-of-care blood glucose meters show pronounced inter-
ference with hematocrit (HCT) variations. The purpose of this laboratory 
investigation was to explore to what extend hand-held glucose meters for pa-
tient self-monitoring (SBGM) may also be affected by this phenomenon.
Materials and methods: Seven SBGMs (AccuCheck Aviva, Ascencia Con-
tour+, Ascencia Breeze 2, Precision Xceed, FreeStyle Freedom, OneTouch 
Ultra 2, and FineTouch) were tested with laboratory samples with different 
hematocrit values (20, 30, 40, 50, and 60 %) and at three different glucose 
concentrations (50, 170, 370 mg/dl). Each individual sample was tested 6 
times with each meter. In addition, two point-of-care devices and one ref-
erence method were tested (HemoCue, StatStrip, Cobas). For the interfer-
ence analysis, the value determined with 40 % hematocrit was used as the 
reference value. Mean deviations were calculated for all meters over all three 
blood glucose ranges. No analysis of precision or accuracy was undertaken, 
as the study was performed with artificially modified laboratory samples and 
not with capillary whole blood, the natural specimen for these devices.
Results: The mean percent deviation results for all glucose ranges are pro-
vided in the Table. Different degrees of interference were observed for many 
of the SBGMs at either low or high hematocrit values (or both). Only the 
FineTouch device showed a stable measurement performance together with 
one point of care device (StatStrip) and the reference method (Cobas).
Conclusion: Small hematocrit variations (especially increases) showed pro-
nounced effects with some meters. Although this study was not performed in 
capillary blood samples, an appropriate education and clear labelling appears 
to be strongly recommended for these meters. Only one point-of-care meter 
(StatStrip, Nova Biomedical) and one handheld SBGM (FineTouch, Terumo) 
were not substantially influenced by hematocrit interference. As variation in 
hematocrit can occur in daily life (e.g. in patients with dehydration or during 
hemodialysis), this can be considered to be an advantage of these meters in 
practical routine use.

Deviations from the reference measurement (at 40 % hematocrit) by device
Hematocrit 20 % 30 % 40 % 50 % 60 %
AccuCheck Aviva 2.7 % 2.2 % 0.0 % -12.4 % -24.1 %
Ascentia Contour 6.4 % 2.2 % 0.0 % -9.1 % -9.4 %
Ascencia Breeze2 38.9 % 20.3 % 0.0 % -17.3 % -34.7 %
FreeStyle Freedom 20.5 % 2.3 % 0.0 % -7.1 % -8.5
Precision Xceed 12.8 % 8.7 % 0.0 % -15.3 % -31.2 %
OneTouch Ultra 2 10.3 % 6.6 % 0.0 % -22.3 % -35.2 %
FineTouch -1.7 % -8.1 % 0.0 % 3.5 % 2.7 %
StatStrip (POC) 0.4 % 1.7 % 0.0 % -3.1 % -5.0 %
HemoCue (POC) 4.8 % 7.6 % 0.0 % -10.7 % -19.1 %
COBAS -3.6 % 0.0 % 0.0 % -1.8 % 2.4 %

Supported by: Terumo, Eschborn, Germany

937
Waste of test strips compared among four blood glucose monitoring 
systems
R. Ng1, S. Schwartz2, E. Taylor3; 
1Abbott Diabetes Care, Alameda, 2Diabetes and Glandular Disease Clinic, 
San Antonio, 3MassResearch, Waltham, United States.

Background and aims: Applying insufficient blood or getting an error mes-
sage can result in wasting of a test strip. Some waste of strips is inevitable 
to confirm questionable results and avoid errors. However, test strips repre-
sent most of the cost in blood glucose monitoring. The Abbott FreeStyle Lite 
Blood Glucose Monitoring System does not require coding, uses a very small 
blood sample (0.3 μL), is designed to start the test only after an adequate 
sample has been applied, and allows the user to apply more blood for up to 1 
minute. A study was conducted to assess whether a device with these features 

is associated with less wasted strips than other systems when used by diabetic 
patients at home.
Materials and methods: 180 diabetic subjects who routinely performed 
blood glucose monitoring were enrolled at three clinics to use two systems 
which they had no prior experience with. The two systems consist of Free-
Style Lite system and one of the following: LifeScan OneTouch Ultra2 (sam-
ple size required: 1 μL), Roche Accu-Chek Aviva (0.6 μL) and Bayer Contour 
(0.6 μL). The Ultra2 and Contour are not designed for blood reapplication; 
more blood may be applied to the Aviva within 5 seconds of the first applica-
tion. Each system was used by the subject at home 3 times a day for 2 weeks. 
The test results, number of strips used and error messages were recorded in 
the subject diary; 165 subjects completed the study.
Results: More than 6,000 tests were performed in this study. Approximately 
1,000 tests (range: 916-1,182) were completed with each system in the paired 
testing. ANOVA analysis was used to compare the average % strips wasted of 
the 4 systems in the study. The results showed that significantly more strips 
were wasted with the OneTouch Ultra2, Accu-Chek Aviva and Contour than 
with the FreeStyle Lite system. All statistical tests were two-sided with al-
pha=0.05.

Study
Site

Strips wasted among systems, 
% (strips wasted / total strips tested)

Chi-square
p-value

FreeStyle
Lite

OneTouch
Ultra2

Accu-Chek
Aviva

Contour

A 3.1% (33/1145) 5.9% (70/1182) 0.0009
B 3.3% (30/916) 5.4% (50/926) 0.025
C 2.7% (32/1175) 6.5% 

(81/1162)
<0.0001

Strips wasted among subjects
A 2.8% 5.5% 0.0057
B 3.0% 4.9% 0.12
C 2.5% 6.1% 0.0007

Paired t-test was used to compare the average % strips wasted among sub-
jects. The results indicated that subjects on average experienced less wasted 
strips with the FreeStyle Lite system than with OneTouch Ultra2 and Con-
tour, but not significantly different from Accu-Chek Aviva. One subject had a 
higher % strips wasted with FreeStyle Lite system than the rest of the subjects. 
If this subject was excluded, the results show that the average % strips wasted 
of subjects for FreeStyle Lite system was significantly less than that for Accu-
Chek Aviva (p = 0.02 instead of p=0.12).
Conclusion: Overall, strip waste was 2.5-3.3% with the FreeStyle Lite system 
versus 4.9-6.5% with the other three systems. For the patients, reducing waste 
of strips by approximately half, as seen with the FreeStyle Lite system, should 
be encouraging. For the payers of diabetic supplies, a 2 to 3% decrease in 
expenditures could be viewed favorably.

938
A review of adverse events associated with false glucose readings 
measured by glucose dehydrogenase pyrroloquinolinequinone (GDH-
PQQ)-based glucose monitoring systems in the presence of interfering 
sugars
J. Frias1, C. Lim2, J. Ellison3, C. Montandon4; 
1Clinical Affairs, LifeScan, Inc., West Chester, 2Medical Affairs, LifeScan, 
Inc., Milpitas, 3Clinical Affairs, LifeScan, Inc., Milpitas, CA, United States, 
4Regulatory Affairs, LifeScan, Inc., West Chester, United States.

Background and aims: GDH-PQQ, a commonly used glucose test strip 
enzyme, is not glucose-specific. As such, it measures other sugars (maltose, 
galactose, xylose) in addition to glucose if they are present at detectable con-
centrations. This may result in falsely elevated “glucose” readings in patients 
treated with agents containing or metabolized to interfering sugars. Such 
agents include icodextrin-containing peritoneal dialysis (PD) solutions, some 
intravenous immune globulins (IVIG), abatacept (ORENCIA®) and ADEPT® 
Solution. Over the past 10 years there have been several case reports in the 
literature and from global regulatory agencies describing events of severe 
hypoglycemia and death due to overtreatment with insulin guided by GDH-
PQQ-measured false glucose readings. We report a quantitative review of the 
medical literature and the US Food and Drug Administration Manufacturer 
and User Facility Device Experience (MAUDE) database of adverse events 
related to this issue.
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Materials and methods: MAUDE, Ovid, and PubMed databases (1998-2009) 
were searched for published reports of adverse events due to discrepancies 
between glucose monitoring systems and reference values. Search terms in-
cluded blood glucose, maltose, galactose, xylose, icodextrin, peritoneal dialy-
sis, maltodextrin, abatacept and IVIG. The bibliographies from key articles 
were searched manually. Reports were independently assessed by multiple 
reviewers and summarized. Cases found in both the MAUDE and literature 
databases (n=3) were counted once.
Results: The search revealed 76 reports related to falsely elevated glucose 
readings due to the non-specificity of GDH-PQQ test strips (57 in MAUDE 
database, 19 in literature). Approximately half the reports (47%) were from 
outside the US. Of the 76 reports, 11 (14%) resulted in death, 45 (59%) in 
severe hypoglycemia, 11 (14%) in non-severe hypoglycemia, and 9 (12%) 
were unclassified. Four cases of severe hypoglycemia resulted in permanent 
impairment. Agents or disorders associated with events were icodextrin-con-
taining PD solution (60 events, 79%), IVIG (10 events, 13%), a “maltose-con-
taining substance” (3 events, 4%), galactosemia (2 events, 3%) and maltodex-
trin (1 event, 1%). Results from the MAUDE database revealed that 34 (60%) 
events occurred in an inpatient setting, 14 (25%) in an outpatient setting, 
and 9 (15%) were not classified. For the year 2008, the MAUDE database 
contained 2 fatal cases and 4 cases of severe hypoglycemia associated with 
this issue.
Conclusion: A significant number of adverse events, including death, related 
to glucose non-specificity of GDH-PQQ test strips have been reported glo-
bally over the past 10 years despite mitigations by manufacturers and global 
health authorities. This important drug-device interaction should be recog-
nized by healthcare providers and patients, and actions must be taken to fur-
ther enhance patient safety.

939
System accuracy evaluation of 27 blood glucose monitoring systems 
according to DIN EN ISO 15197
A. Baumstark, N. Jendrike, E. Zschornack, C. Haug, G. Freckmann; 
Institute for Diabetes-Technology GmbH, Ulm, Germany.

Background and aims: Self monitoring of blood glucose (SMBG) is used 
for metabolic control and for a therapy adjustment by the patient himself. 
As insulin therapy is controlled by the measured values, high-quality blood 
glucose monitoring systems are required. This study intended to verify if the 
accuracy requested by DIN EN ISO 15197 is achieved in 27 SMBG devices 
currently available in Europe.
Materials and methods: In this study 27 CE-labelled SMBG devices of 18 
manufacturers, were evaluated for system accuracy according to EN ISO 
15197 versus a reference method: glucose oxidase (YSI 2300 STAT PLUS) 
or hexokinase (Gluco-quant / Hitachi 917) depending on the method used 
by the manufacturer. Two measurements performed from 100 samples with 
a defined distribution of glucose concentrations were included in the evalu-
ation. According to EN ISO 15197 the minimum acceptable accuracy limits 
for blood glucose self-testing systems are as follows: 95 % of the results shall 
fall within ± 15 mg/dl of the results of the reference measurement at glucose 
concentrations 75 mg/dL.
Results: The tested samples had glucose concentrations between 20 and 500 
mg/dL. Data of 3 of the 27 systems were evaluated versus the hexokinase ref-
erence, 24 systems were evaluated versus glucose oxidase. Sixteen of 27 tested 
systems complied with the system accuracy requirements of EN ISO 15197 
with >95 % of the results showing the minimum acceptable accuracy. Eleven 
systems did not meet the system accuracy requirements. The percentage of 
results complying with the ISO criteria ranged from 73.5 to 100 % for the dif-
ferent systems and reached 94.6 ± 6.6 % [mean ± SD] on average.
Conclusion: In a system accuracy evaluation according to EN ISO 15197 
only 16 of 27 SMBG systems met the minimum acceptable accuracy limits. 
SMBG systems providing inaccurate results bear the risk of false therapeutic 
decisions by the patient with the risk of severe health injury. In conclusion the 
EN ISO 15197 describes a reliable and highly standardized method to assess 
the quality of SMBG systems and thus, as the results demonstrate, could be 
useful to have systems analyzed by independent organisations.
Supported by: Roche Diagnostics

PS 80 Pump treatment
940
Evaluating the feature of glycaemia excursion detected by continuous 
glucose monitoring system during temporary continuous subcutaneous 
insulin infusion
M. Li; 
Shanghai No6 People’s Hospital, China.

Background and aims: The aim of this study was to find out glycemia excur-
sion feature via continuous glucose monitoring system(CGMS) in diabetes 
patients on early stage of continuous subcutaneous insulin infusion(CSII) 
treatment.Discuss the relationship between bedtime glucose level and noc-
turnal hypoglycaemia. Summarized the distribution feature of insulin dos-
age.
Materials and methods: 257 diabetes patients (156 males and 101 females , 
age from 12~88 years) with 0.1~31 years diabetic history were recruited. Their 
HbA1c level was(10.97±2.11)%. Glycated albumin level was (31.88±7.51)%. 
All patients changed to CSII therapy while a 72 hours period CGMS was per-
formed. Participants were divided into hypoglycemia group and no hypogly-
cemia group according to the hypoglycemia events read from CGMS data.
Results: 1. From CGMS profiles we find 243 hypoglycemia events occurred 
in 118 participants at early stage of CSII treatment. The HbA1c, fasting C-
peptide values,HDL-C and BUN were statistical difference between the 
two groups(P< 0.05). Mean blood glucose(MBG) were significantly lower 
and standard deviation of blood glucose(SDBG) were significantly higher 
in hypoglycemia group(P< 0.05). Multiple regression results indicated that 
MBG and fasting C-peptide were negatively correlated with hypoglycemia 
but SDBG and duration of diabetes were positively correlated with hypoglyc-
emia. When bedtime blood glucose was below 5.9mmol/L, the youden index 
was max which was analysed by ROC. The sensitive was 54.8%, specificity 
was 77.8%. Positive predictive value was 44.3%, negative predictive value 
was 84.2%. So the cut-point of bedtime blood glucose to predict nocturnal 
hypoglycaemia might be 5.9mmol/L.2. The average total daily dosage(TDD) 
was (0.78±0.23)u·kg-1·d-1, basal rate was (0.34±0.09)u·kg-1·d-1, bolus dose 
was (0.45±0.16)u·kg-1·d-1 during CSII. The insulin sensitive factor(ISF) was 
1.77±0.49, insulin-carbohydrate ratio(ICR) was 9.55±2.67. TDD and bolus 
were correlated with BMI, urine glucose and 120minute C-peptide. Basal rate 
was correlated with BMI, urine glucose, HbA1c and 30minute C-peptide. The 
TDD and basal rate were higher in which the diabetic duration was over 5 
years. The nocturnal basal rate was lower in whose age was over 60 years 
old.
Conclusion: 1.Hypoglycemia detected by CGMS were occurred in about 1/3 
type 2 diabetes patients at the early stage of CSII therapy. 2. Beside of MBG 
and β-cell function, glycemic excursions were related closely to hypoglyc-
emia. 3.There was a higher risk of nocturnal hypoglycaemia if the bedtime 
blood glucose concentration was below 5.9mmol/L. 4.At the beginning of 
CSII a low nocturnal basal rate would be appropriate to avoid hypoglycemia 
in elder patients. 5. The TDD would be large if the body weight was increased 
or the glycemia control was poor.

941
Continuous subcutaneous insulin infusion improved glycaemic control 
and health-related quality of life (HRQoL) in type 2 diabetes mellitus
X. Chen1, J.P. Frías2, S.V. Edelman3, M.F. Peyrot4, R.R. Rubin5; 
1Clinical Affairs, LifeScan, Inc., Milpitas, 2Clinical Affairs, LifeScan, Inc., 
West Chester, 3Department of Medicine, University of California, San Diego, 
4Loyola College Center for Social Research, Baltimore, 5Dept of Medicine 
and Pediatrics, Johns Hopkins University School of Medicine, Baltimore, 
United States.

Background and aims: Limited information exists about the use of continu-
ous subcutaneous insulin infusion (CSII) in type 2 diabetes mellitus (T2DM). 
This 16-wk, open-label, uncontrolled, pilot study evaluated insulin dosing re-
quirements and patterns aimed at achieving normal or near-normal glycemic 
control with CSII in patients with T2DM. HRQoL and treatment preference 
were also assessed.
Materials and methods: Fifty-six insulin pump-naïve patients (28 male, 28 
female) were enrolled (age 57±10y, DM duration 13±6y, A1C 8.4±1.3%, FPG 
9.3±2.9mmol/l, weight 99±19kg, BMI 34±5kg/m², mean±SD)). Baseline DM 
therapy was either Cohort A: ≥2 oral agents (OA) (n=18), Cohort B: basal 
insulin ± OA (n=17; mean daily insulin dose 32±20U) or Cohort C: multiple 
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daily injections ± OA (n=21; mean daily insulin dose 99±65U). All antihy-
perglycemic agents except metformin were discontinued and CSII (Animas® 
2020 insulin pump with insulin glulisine) was initiated with one daily basal 
rate and bolus doses at meals. Insulin dose was titrated to safely achieve the 
best possible glycemic control, and additional basal rates were added at the 
investigator’s discretion. The Insulin Delivery System Rating Questionnaire 
(IDSRQ) was used at Baseline and Wk 16 to assess HRQoL and patient per-
ception of insulin delivery system in Cohorts B and C. In Cohort A, a modi-
fied version of the IDSRQ, the Diabetes Medication System Rating Question-
naire (DMSRQ), was used. The score for each of the 7 questionnaire subscales 
ranged from 0 to 100.
Results: Glycemic control improved after 16 wks of CSII: A1C 7.2±0.9% (-
1.2±1.2%, p<0.001) and FPG 7.2±1.9mmol/l (-2.1±3.4mmol/l, p<0.001). In 
patients with baseline A1C >8.5% (n=23, mean baseline A1C 9.6±0.9%), A1C 
was reduced by 2.1±1.1% (p<0.0001). At Wk 16, the mean daily basal, bolus, 
and total insulin doses were 51±30U, 45±32U, and 95±59U, respectively, and 
~90% of patients were treated with ≤2 basal rates/day. Body weight increased 
by 1.9±3.3kg (p<0.001). Mild hypoglycemia was experienced by 59% of pa-
tients, with no severe hypoglycemia. Change from baseline at Wk 16 for the 
DMSRQ/IDSRQ are presented below.
Conclusion: CSII significantly improved glycemic control in this heterogene-
ous group of T2DM patients. In patients using insulin by injection at baseline, 
the majority of HRQoL measures improved significantly after 16 wks of CSII. 
Each Cohort perceived increased clinical efficacy with CSII and preferred 
CSII to baseline therapy despite weight gain. Future trials are needed to fur-
ther define the role of CSII in managing T2DM.

Change from baseline at Wk 16 for the DMSRQ/IDSRQ
DMSRQ/IDSRQ Subscale Cohort A 

(n=18)
Cohort B 
(n=17)

Cohort C 
(n=21)

All Cohorts 
(n=56)

Treatment Satisfaction -5.8 (16.4), 
p=0.15

12.7 (16.8), 
p<0.01

16.4 (14.6), 
p<0.001

8.0 (18.5), 
p<0.005

Treatment Interference with  
Daily Activities

4.5 (19.1), 
p=0.33

-2.2 (19.4), 
p=0.65

-3.2 (15.8), 
p=0.36

-0.4 (18.0), 
p=0.86

Clinical Efficacy 15.6 (19.0), 
p<0.005

19.3 (24.0), 
p<0.005

24.8 (13.2), 
p<0.001

20.2 (18.9), 
p<0.001

Diabetes Worries 2.6 (8.2), 
p=0.20

-11.8 (17.9), 
p<0.05

-7.5 (18.2), 
p=0.07

-5.5 (16.4), 
p<0.05

Diabetes Social Burdens -3.2 (17.0), 
p=0.44

-6.7 (14.4), 
p=0.07

-10.5 (11.8), 
p<0.001

-7.0 (14.4), 
p<0.001

Psychological Well-Being 0.4 (9.6), 
p=0.85

6.4 (10.7), 
p<0.05

5.0 (10.7), 
p<0.05

3.9 (10.5), 
p<0.01

Overall Treatment Preference 18.1 (17.4), 
p<0.001

21.1 (16.5), 
p<0.001

33.8 (17.5), 
p<0.001

24.9 (18.3), 
p<0.001

942
Fasting plasma glucose rather than HbA1c more linked to lipid profiles 
and IL-10 in subjects with type 2 diabetes treated via long-term 
continuous insulin infusion therapy
S.B. Choi1, Y.H. Noh2, J.H. Lee2, J.H. Lee2, J.H. Park2; 
1Internal Medicine, Konkuk University Hospital, Chungju, 2Biochemistry, 
Konkuk University, Seoul, Republic of Korea.

Background and aims: Continuous subcutaneous insulin infusion (CSII) 
treatment has been reported to be effective in amelioration of hyperglycaemia 
and dyslipidaemia in type 2 diabetes. However, the significance of maintain-
ing normal fasting plasma glucose (FPG) rather than HbA1c level obtained 
via CSII has not been investigated in the aspect of clinical and laboratory 
beneficial outcomes.
Materials and methods: We discontinued oral antidiabetic drugs (OADs) 
and lipid lowering agents and applied CSII therapy to subjects with type 2 
diabetes who had failed to control hyperglycaemia with OADs and/or insulin 
injections (number, 20 with 25% of male; age, 61.2 ± 7.8 years; duration, 13.3 
± 7.7 years; HbA1c 8.8 ± 2.5%). Three months after CSII treatment we divid-
ed the subjects into two groups, i.e., normal FPG (N-FPG, < 7 mmol/l) and 
high FPG (H-FPG, ≥ 7 mmol/l) groups and compared the changes in BMI, 
blood pressure and laboratory findings, including serum lipids and cytokines 
between two groups.
Results: Baseline characteristics were not significantly different between N-
FPG and H-FPG groups (Before CSII in Table 1). The means of HbA1c and 
free fatty acids decreased in both groups 3 months after CSII therapy (p < 0.01 

for both). Although the means and medians of HbA1c after CSII treatment 
were the same in two groups, means of FPG, HDL-cholesterol, and IL-10 
were significantly different between two groups (After CSII in Table 1). More-
over, means of BMI and HDL-cholesterol significantly increased (p < 0.01 
and p < 0.05, respectively) and the diastolic blood pressure level decreased 
(p < 0.05) in N-FPG group after CSII treatment as compared with those at 
baseline, but these findings were not observed in H-FPG group. Instead, the 
mean triglyceride level increased in H-FPG group after CSII treatment when 
compared with the level at baseline (p < 0.05). The means of IL-6 and sI-
CAM-1 after CSII treatment appeared lower in N-FPG than in H-FPG group 
but did not reach to the statistical significance. FPG showed correlation with 
triglycerides (r = 0.546, p = 0.013) and HbA1c correlation with IL-10 (r = 0.71, 
p = 0.03).
Conclusion: Excursion of FPG level seemed to be linked to lipid profiles or 
cytokine levels, indicating frequent examination of FPG may be recommend-
ed together with a periodic determination of HbA1c for optimal diabetic care, 
although HbA1c has been known as a useful parameter in the assessment of 
glycaemic control.

Table 1. Comparison between normal and high fasting plasma glucose groups
* p<0.001, **p<0.05 
vs N-FPG After CSII

Before CSII After CSII

a, p<0.01
b, p<0.05 vs the same 
group Before CSII

ALL N-FPG H-FPG N-FPG H-FPG

BMI (kg/m2) 22.9±3.4 23.0±2.8 22.8±3.8 25.1±2.6a 23.8±3.1
BP diastolic (mmHg) 79.4±9.9 74.6±9.7 82.5±9.0 69.3±9.9b 73.6±12.7
FPG (mmol/l) 7.8±3.5 8.1±3.0 7.6±3.9 5.1±1.2 10.9±3.4*
HbA1c (%) 8.8±2.5 9.0±2.7 8.7±2.5 6.8±0.9a 6.8±1.2a

Free fatty acid 
(mmol/l)

0.64±0.30 0.67±0.36 0.62±0.27 0.20±0.062a 0.29±0.18a 

Triglycerides
(mmol/l)

1.4±0.8 1.4±0.7 1.2±0.7 1.4±0.9 1.8±1.2b

HDL-cholesterol
(mmol/l)

1.3±0.3 1.4±0.3 1.3±0.3 1.7±0.5b 1.3±0.2**

IL-6 (pg/ml) 2.3±1.6 2.5±1.9 2.2±1.5 2.0±1.0 2.7±1.4
IL-10 (pg/ml) 15.7±6.8 10.5±1.4 19.9±6.5 8.9±3.7 18.8±7.5**
sICAM-1 (ng/ml) 192.8±67.4 162.3±41.1 217.1±78.4 174.8±67.0 209.1±44.9

Supported by: Novo Nordisk

943
Continuous subcutaneous insulin infusion in patients with type 2 
diabetes safely improved glycaemic control using a simple insulin dosing 
regimen
S.V. Edelman1, B.W. Bode2, T.S. Bailey3, M.S. Kipnes4, X. Chen5, J.P. Frías6; 
1Department of Medicine, University of California San Diego, La Jolla, 
2Atlanta Diabetes Association, Atlanta, 3North County Endocrine, 
Escondido, 4Cetero Research, San Antonio, 5LifeScan, Inc., Milpitas, 
6Clinical Affairs, LifeScan, Inc., West Chester, United States.

Background and aims: Limited information exists about the use of continu-
ous subcutaneous insulin infusion therapy (CSII) in patients with type 2 dia-
betes (T2DM). This 16-week, open-label, uncontrolled, multicenter pilot study 
was designed to evaluate insulin doses and dosing patterns aimed at achieving 
normal or near-normal glycemic control with CSII in patients with T2DM.
Materials and methods: Fifty-six insulin pump-naïve patients (28 male, 28 
female) were enrolled (age 57±10y, DM duration 13±6y, A1C 8.4±1.3%, FPG 
9.3±2.9mmol/l, body weight 99±19kg, BMI 34±5kg/m², mean±SD). Baseline 
diabetes therapy was either ≥2 oral agents (OA) (n=18), basal insulin ± OA 
(n=17; mean daily insulin dose 32±20U) or multiple daily injections ± OA 
(n=21; mean daily insulin dose 99±65U). All antihyperglycemic agents ex-
cept metformin were discontinued and CSII (Animas® 2020 insulin pump 
with insulin glulisine) was initiated with one daily basal rate and bolus doses 
at each meal. Insulin dose was titrated to safely achieve the best possible gly-
cemic control, and additional basal rates were added at the investigator’s dis-
cretion. CGM (DexCom SEVEN®) was conducted for a week at baseline and 
repeated during the final week of the study.
Results: Glycemic control improved significantly after 16 wks of CSII: A1C 
7.2±0.9% (-1.2±1.2%, p<0.001) and FPG 7.2±1.9mmol/l (-2.1±3.4mmol/l, 
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p<0.001). At Wk 16, 45% and 28% of patients had A1C values <7.0% and 
<6.5%, respectively. In patients with baseline A1C >8.5% (n=23, mean 
baseline A1C 9.6±0.9%), A1C was reduced by 2.1±1.1% (p<0.0001). Mean 
pre-prandial and postprandial glucose values from self-monitored 7-point 
glucose profiles declined significantly from baseline at Wk 16 (pre-prandial 
-1.2±2.6mmol/l, p=0.002; postprandial -2.1±3.1mmol/l, p<0.001). CGM 
revealed significantly more values within the 3.9-10.0mmol/l range during 
the last week of the study compared with baseline (Baseline=59%; end-of-
study=71%, p<0.001). At Wk 16, the mean daily basal, bolus, and total insulin 
doses were 51±30U, 45±32U, and 95±59U (0.94U/kg), respectively, and ~90% 
of patients were treated with ≤2 basal rates per day (1 basal rate 70%; 2 basal 
rates 18%; >2 basal rates 12%). Body weight increased by 1.9±3.3kg (p<0.001). 
Total cholesterol (TC) and triglycerides (TG) improved significantly during 
the course of the study (TC: Baseline=4.7±1.1mmol/l, Wk 16=4.5±1.2mmol/
l, p<0.05; TG: Baseline=2.4±1.7mmol/l, Wk 16=1.8±1.1mmol/l, p<0.001). 
There was no change in LDL or HDL cholesterol. Mild hypoglycemia was ex-
perienced by 59% of patients during the 16-wk study period with no episodes 
of severe hypoglycemia.
Conclusion: Glycemic control was significantly improved with CSII using a 
minimal number of basal rates in a heterogeneous group of T2DM patients. 
Future well-controlled, randomized trials are needed to further assess the 
benefits of CSII in T2DM.

944
Intensified insulin therapy vs CSII: the influence on family cohesion and 
adaptability of type 1 diabetics
E. Liouri1, A. Koutsovasilis1, K. Kounenou1, A. Kamaratos1, M.-P. Koukouli1, 
A. Nikolaou1, S. Iraklianou1, D. Damianaki2, A. Melidonis1; 
1Diabetes Center, 2Pediatrics, Tzanio General Hospital of Piraeus, Greece.

Background and aims: Type 1 diabetes mellitus appears at a young age and 
is treated with intensified regimes of insulin therapy or continuous subcuta-
neous insulin infusion (CSII), following the patient and changing not only 
his/her life, but also that of the family. With this study, we attempt to establish 
possible differences between families of type 1 diabetes patients following 
intensified regimes of insulin therapy and those using continuous subcutane-
ous insulin infusion as to the adaptability, the cohesion and the type of family 
as defined by Olson.
Materials and methods: 72 patients following intensified insulin therapy 
(Group Α), and 46 patients using CSII (Group Β) of comparable age and 
gender filled out an approved questionnaire (FACES-III) of 40 questions 
determining the level of family adaptability (rigid, structured, flexible, very 
flexible) and cohesion (disengaged, separated, connected, very connected), 
as well as its type according to international literature where 4 types of fam-
ily are specified (extremely imbalanced, moderately imbalanced, moderately 
balanced, balanced). HbA1c and somatometric characteristics were recorded 
in both groups. Statistical analysis was carried out using SPSS 15.0. A p-val-
ue<0.05 was considered significant.
Results: There was no statistically significant difference between groups A 
and B as to HbA1c (7.62 vs 7.47, p=0.394), age (34.97 vs 36.06, p=0.403) 
and diabetes duration in years (13.83 vs 13.65, p=0.900), while there was a 
difference as to BMI (28.02 vs 25.35, p=0.001). Concerning adaptability, a sta-
tistically significant difference was found between the two groups (p=0.041), 
with patients using CSII scoring better on the fourth level (very flexible) of 
adaptability (73.5% vs 50%). There is also a significant difference in cohesion, 
with patients using CSII having a higher percentage (55.9% vs 20.8%) on the 
level of very-connected families (p=0,004). Patients using CSII outnumber 
patients in intensified insulin therapy in the fourth atype of family (64.7% 
vs 33.3%, p=0,009), with the former showing higher rates in the third family 
type (50.0% vs 26.5%, p=0.012). The level of adaptability, as well as the level 
of cohesion and the type of family, affects the regulation of diabetes melli-
tus. A higher level of adaptability is correlated with lower insulin values for 
the group in intensified regime as well as the group using CSII, with simi-
lar results concerning cohesion for the first (p=0.014) as well as the second 
(p=0.002) group of patients. The same applies for the effect of family type 
(intensified insulin therapy group: p=0.044; insulin pump group: p=0.030).
Conclusion: Families of patients with type 1 diabetes following a continuous 
subcutaneous insulin infusion show higher adaptability and cohesion com-
pared το families of patients using an intensified insulin regime. The findings 
are similar concerning the type of family. Family type, adaptability and cohe-
sion play a crucial role in the regulation of diabetes mellitus irrespective of 
the kind of treatment followed by the patient.

945
Retrospective case-controlled long-term study on continuous 
subcutaneous insulin infusion vs multiple daily injections for functional 
insulin treatment in type 1 diabetes 
K. Howorka, J. Pumprla, M. Puck, N. Howorka, E. Perneczky, I. Mihaljevic; 
Centre of Biomedical Engineering & Physics, Medical University of Vienna, 
Austria.

Background and aims: In intensified insulin treatment, pump therapy is 
sometimes preferred to multiple insulin injections. Our aim was to com-
pare treatment outcomes in FIT (functional insulin treatment, discriminat-
ing between correctional, prandial and basal insulin use) educated patients 
with type 1 diabetes who later on have chosen on their own an insulin pump 
(CSII) vs. those who have chosen multiple daily injections (MDI).
Materials and methods: Retrospective case-controlled study where for each 
CSII patient two MDI controls have been selected, matched for diabetes du-
ration, FIT duration, associated diseases at time point of FIT training and if 
possible, gender. Patients have been selected from participants of an annual 
structured outpatient FIT UPDATE module (educational weekend developed 
for FIT patients). Thirty type 1 diabetic FIT patients with CSII (females n=23, 
77%), and 60 with MDI (6.3+1.4 daily injections, females n=40, 67%) com-
parable in age (CSII: 45.2+12.2 vs. MDI: 44.6+13.0 yrs), diabetes (24.2+13.3 
vs. 23.4+10.2 yrs) and FIT (13.0+6.4 vs. 14.0+5.9 yrs) duration, and associ-
ated diseases were included in the study, their glycemic control was traced 
and extracted from electronic and paper patient files. The impact of diabetes 
treatment was measured with ADDQoL (Bradley), DTSQ extended for FIT 
State version and DES (Anderson) and with a specifically developed ranking 
scale for advantages and disadvantages of pumps and/or injections.
Results: There was no significant difference in HbA1c values between the 
two groups at any point of observation. HbA1c values remained good in both 
patient groups on the level comparable to that one of the intensified treat-
ment of DCCT group for the mean observation period of CSII treatment of 
5.0+2.8 years, however already slightly higher as after the initial main edu-
cational intervention of FIT training. Mean HbA1c level during the period of 
the controlled study was 7.4+0.7 (CSII) vs 7.2+1.0% (MDI), p=0.36. Initial 
pre-pump HbA1c level was slightly (p=0.09) higher in the CSII group (7.5+0.8 
vs.7.3+1.0%), but it improved with CSII initiation reaching its nadir of 7.2+0.5 
after 7-12 months following the initiation of the pump treatment. Thereafter, 
HbA1c values tended to increase and after 19-24 months of CSII reached the 
values comparable to those in the pre-pump period. No significant differenc-
es for frequency of severe hypoglycaemia were found. Behavioural differences 
between groups were given for reported number of daily blood glucose self-
measurements (CSII: 5.6+0.9 vs MDI: 5.1+0.8, p=0.01). The differences in 
treatment satisfaction were significant only for item 13 of the DTSQ extended 
for FIT, dealing with satisfaction with basal insulin where pump patients dis-
played somewhat higher satisfaction. Additional questions for basal insulin 
dealing with stability of blood glucose values between meals and with fasting 
values did not reach statistical significance nor the other subscores did. The 
results of ADDQoL, and DES did not show any significant differences among 
the two groups.
Conclusion: No significant differences were found between outcomes of CSII 
and MDI in FIT educated patients beyond an initial HbA1c improvement of 
6-12 months. Functional insulin use with in average more than 6 daily injec-
tions results in FIT-educated patients in similar outcomes independently of 
the mode of insulin delivery.

946
Integrated real-time continuous glucose monitoring/insulin pump 
system (PRT) usefulness in 122 children with type 1 diabetes. A 3-year 
follow-up study
A.E. Scaramuzza1, R. Bonfanti2, P. Buono3, D. Iafusco4, F. Lombardo5,  
I. Rabbone6, R. Schiaffini7, N. Sulli8, S. Toni9, A. De Palma1, G. Zuccotti1, 
Italian Society of Paediatric Endocrinology and Diabetology; 
1Paediatrics, University of Milano - Luigi Sacco Hospital, 2Paediatrics, 
University Vita e Salute - San Raffaele Institute, Milano, 3Paediatrics, 
University Federico II, Naples, 4Paediatrics, Second University of Naples, 
5Paediatrics, University of Messina, 6Paediatrics, University of Torino, 
7Paediatrics, Bambin Gesù Hospital, Rome, 8Paediatrics, Umberto I 
Hospital, Rome, 9Paediatrics, University of Firenze, Italy.

Background and aims: Real-time continuous glucose monitoring and the 
insulin pump have been combined into the sensor-augmented pump system 
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(PRT) (Medtronic MiniMed, Sesto San Giovanni, Italy). The objective of the 
study was to evaluate the clinical effectiveness and safety of PRT in a large 
series of children with type 1 diabetes using insulin pump therapy.
Materials and methods: This is a multicenter observational study. A ques-
tionnaire was sent to all paediatric diabetologic centres in Italy (n=65); data 
was analyzed only regarding patients aged 18 or less and using PRT for 6 
months or more.
Results: A total of 48 centres (73.85%) answered the questionnaire. The total 
number of patients with type 1 diabetes followed by the centres is 12.549, of 
whom 1437 (11.4%) have been using insulin pump therapy for more than 6 
months. Of all patients using an insulin pump, 129 have been using PRT for at 
least 6 months, with a mean follow-up of 1.4±0.7 yrs (range 0.5-3 yrs). Their 
age was 13.5±3.8 yrs, with disease duration of: 6.3±3.4 yrs). After 0.5-3 yrs 
of using PRT, HbA1c showed a significant improvement (8±1.5 vs 7.4±0.8%, 
p = 0.002). Insulin requirement showed a significant decrease (0.88±0.25 vs 
0.79±0.23 U/kg/day, p =0.003). BMI did not change during the observational 
period. Mean usage of PRT per month was 8.1 day/month and any significant 
correlation between sensor use and HbA1c has been observed (r2=0.0005, 
p=0.239). No DKA was observed during the follow-up, while episodes of se-
vere hypoglycemia significantly decreased (p=0.04).
Conclusion: The increased availability of continuous glucose sensors is likely 
to have a significant impact on pediatric diabetes therapy and education in 
the near future. Selection of patients capable and motivated to use sensor-
augmented pump with proper age-appropriate education could be the key 
factors for the long-term success of these new technological advances in dia-
betes therapy as we have seen in our large group of children using PRT.

PS 81 Improving insulin
947
A new approach for oral delivery of insulin
C. Damge1, C. Reis2, F. Veiga2, A. Ribeiro2, R. Neufeld3; 
1Institute of Physiology, University of Strasbourg, France, 2Laboratory of 
Pharmaceutical Technology, University of Coimbra, Portugal, 3Queen’s 
University, Kingston, Canada.

Background and aims: Oral administration of insulin is the most physiologi-
cal and comfortable way. However, insulin a 51 amino acid peptide, is less ab-
sorbed by the gastrointestinal tract and is degraded by proteolytic enzymes. 
Thus, in order to circumvent these difficulties, we have encapsulated insu-
lin in nanoparticles (NPs) composed of alginate, coated with chitosan-PEG 
(polyethylene glycol 4000)-albumin.
Materials and methods: The biological, metabolic and toxicological effects 
of insulin NPs were investigated after oral delivery in diabetic rats induced 
by streptozotocin.
Results: (1) NPs, less than 600 nm in size, were able to encapsulate more than 
85% of insulin. They protect insulin againt pepsin. In vitro, at pH 1.2 (gastric 
pH), they released 25% of their insulin content and 70% at pH 6.8 (intestinal 
pH). (2) When administered orally in fasted diabetic rats, insulin NPs (25, 50, 
100 I.U./kg) reduced dose-dependently glycemia from 2h, with a maximal ef-
fect at 10h (-53%, p<0.001) and maintained this effect up to 48 h. Insulin NPs 
also improved the glycemic profile after an oral glucose overload (2 g/kg) and 
increased (9 times) plasma insulin level. (3) The pharmacological bioavail-
ability calculated against a s.c. administration of free insulin was about 21% 
for a dose of 50 I.U./kg insulin. (4) After a daily administration of 50 I.U./kg 
insulin NPs during 4 days, the water and food intakes, urine volume and pro-
teinuria were significantly reduced. (5) After a 15 days daily administration at 
the dose of 50 I.U./kg, there was none hematological nor tissular toxicity. (6) 
Finally, encapsulated insulin labelled with FITC was absorbed through the 
intestinal epithelium and the Peyer’s patches.
Conclusion: NPs composed of an alginate core coated with chitosan-PEG-
albumin induced a prolonged anti-diabetic effect after oral administration. 
This effect may be explained by the protection of insulin against proteolytic 
enzymes in the GIT and the facilitation of its absorption due to chitosan 
which transiently opens the tight junctions.

948
In vivo validation of a double encapsulation of insulin for an oral 
administration
N. Reix1, E. Seyfritz1, N. Ebel2, C. Vodoue1, A. Parat2, L. Danicher2, Y. Frere2, 
M. Pinget1, S. Sigrist1; 
1Centre Européen d’Étude du Diabète, 2Institut Charles Sadron, Strasbourg, 
France.

Background and aims: The purpose of this study was to develop a new for-
mulation of oral insulin in order to improve the treatment for diabetic pa-
tients. Normally, peptide hormones like insulin are given by parenteral injec-
tions routes because they are destroyed by the acid and proteolytic enzymes 
in stomach and intestine. Our project focuse on insulin double encapsulation 
for oral administration.
Materials and methods: The first system of encapsulation of insulin is based 
on Poly(Lactide-co-Glycolide) Acid (PLGA) nanoparticles. This should allow 
the uptake and the transport across mucosal intestinal barrier. These nano-
particles are put in a gastroresistant capsule made of methacrylic acid and 
ethyl acrylate (1/1). The gastroresistant property of the capsule was observed 
by x-ray tomography after gavage of baryum chloride capsule to rats. Con-
cerning the nanoparticles, microscopic visualizations were done by TEM and 
CSEM, the encapsulation rate of insulin was evaluated by the Bradford’s test 
and the insulin conformation can be analysed by Circular Dichroisme. In vivo, 
the biofunctionnality of the nanoparticles was evaluated after subcutaneous 
injections. The absorption of insulin was first performed by the visualization 
of insulin-FITC loaded nanoparticles injected in the duodenum. In a second 
way, we measured the kinetic of the glycemia and the biofunctionnality of NP 
in streptozotocin-induced diabetic rats after intra-duodenal injections of in-
sulin nanoparticles and intraperitoneal injections of insulin. The bioavaibility 
was evaluated after quantification of the insulinemia after intra-peritoneal 
injections of insulin and after intraduodenal injections of the same quantity 
of encapsulated insulin.
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Results: The gastroresistance of the capsule was confirmed as 5h after gav-
age the capsule was still intact in the stomach of the rats. After synthesis, the 
size of nanoparticles is 160 ±10nm and the rate of encapsulation is around 
95%. Circular dichroïsm indicated that insulin conformation was preserved 
during particles synthesis. Sub-cutaneous injections of insulin nanoparticles 
induce the same decrease of glycemia than subcutaneous injections of insulin 
showing the biofunctionnality of the system. In vivo, fluorescence micros-
copy carried out on portions of the small intestine revealed the presence of 
concentrated fluorescence into the mucosa 30min after the administration 
of insulin-FITC loaded nanoparticles. So nanoparticles can efficiently pro-
tect insulin in the intestine and can be absorbed. Intraduodenal injections 
of insulin nanoparticles induce a significant decrease of glycemia from 5,2 
±0,5g/L to 0,9 ±0,2g/L 9h after injection (t test; p≤0,001). In comparison with 
intra-peritoneal injections, results showed that nanoparticles’ biodisponibil-
ity is at less 20%.
Conclusion: PLGA insulin-loaded nanoparticles are efficient and the biolog-
ical effect of insulin is preserved. These polymeric particles allow the absorp-
tion of insulin through intestinal mucosa into the bloodstream. Thus this new 
delivery insulin formulation seems to be an interesting approach.

949
Combination of intestinal goblet HT29 and Raji-B cells with absorptive 
Caco-2 cells to predict intestinal absorption of insulin encapsulated into 
nanoparticles
B. Sarmento1,2, A. Neto1, C. Gehm1, J. Teixeira1, V. Seabra2, D. Ferreira1; 
1Department of Pharmaceutical Technology, Faculty of Pharmacy, 
University of Porto, 2Department of Pharmaceutical Sciences,, Health 
Sciences Research Center (CICS), Instituto Superior de Ciências da Saúde-
Norte, Gandra, Portugal.

Background and aims: Oral delivery of therapeutic proteins like insulin is 
desired due to its convenience. Pharmacokinetics and biodistribution of in-
sulin after oral administration can be improved with the incorporation into 
nanoparticles. Solid lipid nanoparticles (SLN) are an alternative in the pro-
duction of pharmaceutical systems. The use of chitosan to coat SLN consti-
tutes an important advance to enhance the permeability of drugs towards 
the intestinal epithelium. The Caco-2 line is a well-established in vitro cell 
model for predicting the absorption of orally administered drugs in humans. 
The prediction of intestinal drug absorption by an appropriate in vitro cell 
model based on Caco-2 cells incorporating different intestinal cells like HT29 
mucus-producing goblet cells or Raji B M-cell phenotype cells, in order to 
mimic as close as possible the intestinal epithelium, would avoid costly and 
time-consuming animal experiments. In this work the aim was to investigate 
the permeability of insulin loaded into SLN and chitosan-coated SLN across 
different Caco-2/HT29 and Caco-2/Raji co-culture cells monolayer, attempt-
ing future correlation with in vivo physiologic absorption.
Materials and methods: Insulin was entrapped into SLN by W/O/W multi-
ple emulsion and further coated by chitosan to take advantage of its mucoad-
hesive properties. For permeability experiments, Caco-2, HT-29 and Raji B 
were seeded single and in the co-culture system using different proportions 
onto Transwell® permeable supports 3,0 µm, polycarbonate membrane. Tran-
sepithelial electrical resistance (TEER) of the cell monolayers was measured 
using an EVOM epithelial voltohmmeter to check monolayer integrity and 
were cultured for 21-28 days before the initiation of an experiment. Tran-
swell® insulin absorption experiments were run at 37ºC from apical to baso-
lateral chamber. Insulin was measured by HPLC.
Results: Permeability assays realized in Transwells® showed insulin perme-
ability increase with increase of HT29 cell content for all formulations (insu-
lin in solution, insulin loaded SLN and insulin loaded chitosan-coated SLN). 
Permeability results for Caco-2/HT29 90:10 co-culture was more consist-
ence with the human intestine cell distribution. The effect of number of Raji 
cells on insulin absorption also demonstrates the implication of M-like cells 
on drug absorption. Although latter onset, probably due to delay of release 
from nanoparticle matrix, chitosan coating of SLN demonstrated absorption 
enhancing effect. This may occur due to mucoadhesion and opening of the 
tight conjunction between the epithelium cells that can improve the insu-
lin permeability into the co-culture monolayer. TEER values were measured 
during the experiment to evaluate the integrity of the cell monolayer. Dur-
ing all experiments, TEER values decreased, but the integrity of the cells was 
maintained.
Conclusion: Results demonstrate that Caco-2/HT29 and Caco-2/Raji co-cul-
ture cell model are reliable systems to correlate in vitro insulin absorption 
with in vivo animal model. Absorption of insulin entrapped into chitosan-

coated SLN seems to be a promising alternative for the development of a for-
mulation for oral insulin administration.
Supported by: FCT (PTDC/SAU-FCF/70651/2006), Lilly Portugal

950
Management of impaired glucose tolerance using buccal spray insulin
A. Palermo, N. Napoli, F. Costanza, G. Beretta, S. Manfrini, P. Pozzilli; 
University Campus Bio-Medico, Rome, Italy.

Background and aims: Postprandial hyperglycaemia occurs as the conse-
quence of a reduced first phase insulin response after a meal and has been 
associated with an increased risk of cardiovascular events and mortality. Sub-
jects with postprandial hyperglycaemia often present with dyslipidaemia, hy-
pertension, abdominal obesity, microalbuminuria, endothelial dysfunction 
and markers of inflammation. Correction of the first phase insulin response 
using fast insulin is an attractive option. The objective of this phase II study 
was to investigate the safety and efficacy of treatment with buccal spray insu-
lin (Oral-lyn™)on post-prandial plasma glucose and insulin levels in subjects 
with impaired glucose tolerance (IGT).
Materials and methods: A total of 20 Caucasian subjects, mean age 48.7 
±14.3 SD years, a body mass index of 32+ 6 Kg/m2, 13 females and 7 males, 
with confirmed IGT were included in the study. Subjects were randomized 
to take 4, 6 or 12 Oral-lyn™ puffs, split in two equal doses each, one before 
and the second 30 minutes after a standard 75 gr oral glucose tolerance test 
(OGTT). Glucose excursions and insulin levels were measured at baseline 
and 30, 60, 90, 120, 180 min afterwards.
Results: There were no significant differences in plasma glucose levels dur-
ing OGTT with 4 or 6 puffs compared to OGTTs performed without insulin 
administration. Treatment with 12 Oral-lyn™ puffs (equal to 12 IU) was fol-
lowed by a significant 29.6% decrease in mean plasma glucose at two-hours 
(from 175.3± 14.0 to 124.0±39.1 mg/dl), and a 26.8% decrease at three-hours 
(from 124.7±50.5 to 91.3±26.0 mg/dl), altogether p=0.01. Considering all 
time points of the OGTT up to 180 min, there was a mean reduction of 15.8% 
in plasma glucose levels. There was a trend for increased insulin (µU/L) lev-
els at all measurements. Finally, no adverse events were observed during the 
study period and no hypoglycaemic episodes were complained at any time-
points.
Conclusion: This proof of concept study demonstrates that treatment with 
buccal spray insulin is a simple and valuable therapy for reducing postpran-
dial hyperglycaemia in obese subjects with IGT. Importantly, this treatment 
was safe and none of the study subjects experienced hypoglycaemia. The use 
of insulin through an alternative route such as the buccal mucosa can repre-
sent a novel approach for treatment of postprandial hyperglycaemia.

951
Comparison of glycaemic variations in Japanese patients with type 1 
diabetes receiving long-acting soluble insulin as assessed by continuous 
glucose monitoring (CGM)
D. Tsujino, R. Nishimura, K. Taki, A. Morimoto, N. Tajima; 
The Jikei University School of Medicine, Tokyo, Japan.

Background and aims: Japanese patients with type 1 diabetes receiving the 
long-acting soluble insulin preparations insulin glargine and insulin detemir 
were compared for glycemic variation by using continuous glucose monitor-
ing (CGM).
Materials and methods: A total of 16 patients with type 1 diabetes (males/
females, 5/11) were enrolled in the study. Their median age was 55.0 years 
(range, 35.0-60.8), median BMI 22.5 kg/m2 (range, 19.5-23.6), median HbA1c 
7.2% (range, 6.7-8.8), and median urinary CPR 1.1 μg/day (range, 0.7-5.5). Of 
these, 2 patients received one insulin injection, and 14 received two insulin 
injections. The subjects were crossed over from insulin glargine or insulin 
detemir or vice versa with no change in the number of insulin preparations 
injected or in the timing for such injections, and were monitored by CGM 
while on either preparation for glycemic variation in a non-blinded fashion 
during the 4-day hospitalization, with the timing for another hospital stay 
scheduled more than 1 month after change of insulin preparations. CGM 
data obtained on day 3 of their hospitalization were used for analysis. Mean 
glucose levels, their standard deviations (SD), M values, duration of hypogly-
cemia (< 70 mg/dL), duration of hyperglycemia (> 200 mg/dL), range of 
postprandial glucose increase and time to peak glucose values (time to peak 
glucose values after each meal and a mean time to peak glucose values after 3 
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meals) were compared between those given insulin glargine and those given 
insulin detemir by using Mann-Whitney’s U test. All statistical analyses were 
performed by using SPSS 16.0. The present study was approved by the Ethics 
Committee of the Jikei University School of Medicine.
Results: There was no significant difference between those receiving insulin 
glargine and those receiving insulin detemir with their mean glucose level 
being 158.5 mg/dL (133.5-200.5) and 154.0 mg/dL (129-178.5), their SD be-
ing 53.5 mg/dL (41.5-80.3) and 50.5 mg/dL (41.5-64.5), and their M values 
being 36.0 (26.8-76.0) and 34.5 (20.8-66.0). Those receiving insulin glargine 
or insulin detemir were not significantly different, either, with regard to the 
duration of hypoglycemia (< 70 mg/dL) or duration of hyperglycemia (> 200 
mg/dL). In addition, there was no significant difference between those receiv-
ing insulin glargine and those receiving insulin detemir with regard to the 
range of postprandial increase in glucose levels after morning meals, evening 
meals as well as the mean range of increase after 3 meals, and the time to 
peak glucose levels, while those on insulin detemir tended to show a nar-
rower range of postprandial glucose increase (P = 0.10) and a shorter time 
to peak glucose levels (P = 0.067). After completion of the study, asked to 
choose between the two insulin preparations, more patients tended to opt 
for insulin detemir over insulin glargine, with 12 out of 16 (75%) choosing 
insulin detemir (P = 0.077).
Conclusion: A comparison of glycemic variations in type 1 diabetic patients 
receiving insulin glargine or insulin detemir by CGM demonstrated that both 
insulin preparations were almost equally efficacious. It was also shown that 
insulin detemir could potentially offer better glycemic control after midday 
meals than insulin glargine and that more patients tended to choose insulin 
detemir over insulin glargine after completion of the study.

952
Technosphere insulin suppresses endogenous glucose production earlier 
than a rapid-acting analogue (lispro) and an inhaled insulin (Exubera®)
E. Potocka1, R. Hovorka2, R. Baughman1, M. Umpleby3, M. Diaz1, R. Chen1, 
J. Cassidy1, A. Boss1, P. Richardson1; 
1MannKind Corporation, Valencia, United States, 2University of Cambridge 
Metabolic Research Laboratories, United Kingdom, 3University of Surrey, 
Guildford, United Kingdom.

Background and aims: Available insulins are unable to replicate normal he-
patic glucose suppression, presumably due to slow absorption. Technosphere 
Insulin (TI) is a rapid-acting insulin generating peak insulin levels within 
12 to 14 minutes of dosing. We conducted a study to determine whether the 
unique pharmacokinetic profile of TI resulted in a more rapid suppression of 
endogenous glucose production (EGP).
Materials and methods: We compared 45 U TI administered by inhalation 
with 12 IU s.c. insulin lispro and 4 mg inhaled Exubera (EXB) in an open-
label, single-dose, three-way crossover study incorporating a meal challenge 
(nutritional energy drink [12 fl oz] enriched with U13-C-glucose) in 18 insu-
lin-treated subjects with type 2 diabetes and normal pulmonary function. A 
continuous glucose infusion enriched with 6,6-2H2 glucose was used to assess 
EGP. Prior to the meal, subjects’ blood glucose was adjusted to 90 mg/dl using 
an individual continuous low-dose i.v. insulin infusion, which was fixed 90 
minutes before dosing. If necessary, glucose was infused to maintain blood 
glucose at ≥90 mg/dl.

Results: EGP suppression occurred markedly earlier with TI, followed by in-
sulin lispro and EXB (40, 75, and 130 minutes post-dose of the median EGP-
time profiles, respectively). Significant differences between insulin lispro and 
EXB were observed up to 40 minutes compared with TI (p<0.002) and up to 2 
hours for the EXB-TI comparison (p<0.05). Median total areas over the EGP 
curve were comparable across groups (1,938, 1,842, and 2,294 µmol/min). 
Median postprandial blood glucose AUCs were 53,343, 50,608, and 54,598 
mg/dl•min for TI, insulin lispro, and EXB, respectively.
Conclusion: EGP was suppressed earlier following TI administration com-
pared with s.c. insulin lispro and inhaled EXB, which suggests that treatment 
with TI may result in a more physiologic EGP suppression.

953
Accelerated insulin pharmacokinetics and improved glycaemic control 
in patients with type 1 diabetes mellitus by coadministration of prandial 
insulin with recombinant human hyaluronidase
M. Hompesch1, D. Muchmore2, L. Morrow1, D. Mongiovi2, D. Vaughn2; 
1Profil Institute for Clinical Research, Inc., Chula Vista, 2Halozyme, Inc., San 
Diego, United States.

Background and aims: Recombinant human hyaluronidase (rHuPH20) is a 
locally and transiently acting enzyme that catalyzes depolymerization of hy-
aluronan, thus reducing the barrier to local bulk fluid flow and increasing the 
permeation of coinjected drugs. This prospective Phase 2 study compares the 
pharmacokinetics (PK) and postprandial glucose (PPG) response to SC in-
sulin lispro (lispro) and regular human insulin (regular) ± coinjected recom-
binant human hyaluronidase (rHuPH20) following a liquid meal in T1DM.
Materials and methods: Patients fasted (10 h) and refrained from SC insulin 
for 12 h before dosing. Starting 2 h before a liquid meal (60 g CHO) challenge, 
patients were titrated to 100 mg/dL glucose target with IV glucose and/or 
insulin followed by a 30 min intervention-free equilibration. The same dose 
of insulin lispro (mean 5.7 ± 3.0 U, optimized for each patient) ± rHuPH20 
(0.2 μg/U insulin) was injected SC immediately before the meal, and plasma 
insulin and glucose concentrations were monitored for 8 h. This program was 
then repeated for regular (mean 6.2 ± 3.5 U) ± rHuPH20.
Results: Of a planned 20 patient 4-way crossover study, final PK data are 
available for the first 12 and final glucose data for all 21 completers (14 male, 
7 female, age = 41.3 ± 10.6 SD yr, BMI = 24.4 ± 2.9 SD kg/m2). PK for both 
lispro + PH20 and regular + Ph20 showed accelerated but overall comparable 
exposure as compared to each without PH20. Early t50% max decreased from 
19.9 to 12.6 min (p=.0002) for lispro and 40.1 to 14.8 (p=.033) for regular; tmax 
decreased from 43.8 to 27.9 min (p=.002) for lispro and 96.7 to 52.1 (p=.086) 
for regular; late t50% max decreased from 98.6 to 68.6 min (p=.0001) for lispro 
and 195.0 to 111.2 (p=.007) for regular. Corresponding glycemic response 
curves are shown in the figure. AUC>140 mg/dL (0-4 h) was reduced from 
3217 to 1298 min*mg/dL (p=.044) for lispro and 6606 to 1854 (p=.006) for 
insulin; peak glucose (0-4 h) fell from 179 to 152 (p=.006) for lispro and 211 
to 168 (p=.004) for insulin. All injections were well tolerated and there were 
no serious, significant or moderate adverse events. The most common ad-
verse event (mild) was low blood glucose concentration, which was similar 
between treatment groups.
Conclusion: Coinjection of rHuPH20 accelerated insulin PK and led to im-
proved PPG control for both lispro and regular insulin. 

Supported by: Halozyme, Inc.
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954
Pharmacokinetics of Technosphere insulin unchanged in patients with 
chronic obstructive pulmonary disease
P. Richardson1, E. Potocka1, R. Baughman1, S. Schwartz2, M. Gray1, 
M. Diaz1; 
1MannKind Corporation, Valencia, 2Diabetes & Glandular Disease Research 
Associates, PA, San Antonio, United States.

Background and aims: Inhaled insulin has historically been shown to de-
crease the rate and extent of insulin exposure by approximately 20% to 50% 
in subjects with chronic obstructive pulmonary disease (COPD).
Materials and methods: The pharmacokinetics (PK) of Technosphere In-
sulin (TI), a rapid-acting insulin for pulmonary delivery, was evaluated in 
an open-label, single-dose, euglycemic glucose clamp study in 37 non-dia-
betic, non-smoking healthy subjects (N=19; baseline mean ± SD age 51±14 
years; BMI 29±3 kg/m2; forced expiratory volume in 1 second [FEV1] 3.5±1) 
and subjects with COPD (N=17; aged 60±9 years; BMI 29±5 kg/m2; FEV1 
2.6±0.8).
Results: Thirty-four subjects were age-, gender-, and BMI-matched. One 
COPD subject was excluded. Each subject received a single dose of 30 U of 
TI via inhalation. Serial blood samples were drawn for insulin and C-peptide 
concentration determination until 480 min post-dose. Insulin concentrations 
were C-peptide corrected to account for endogenous insulin, and C-peptide 
corrected values were used for PK parameter estimation. There was no sta-
tistically significant difference in absorption in the two groups. Mean peak 
insulin was 34.7 and 39.5 µU/ml (p=0.285) with a median time to maximum 
insulin concentration of 15 and 12 min (p=0.241) in the COPD and non-
COPD groups, respectively. Mean insulin exposure from time 0 to 240 min 
post-dose (AUC0-240) was 2037 and 2270 µU/ml•min (p=0.469) for the COPD 
and non-COPD groups, respectively. Dosing was well tolerated.
Conclusion: These results indicate that the characteristic absorption pattern 
of TI is not significantly altered in the COPD population.

955
Lung deposition and absorption of insulin from Technosphere insulin
M. Gotfried1, J. Cassidy2, M. Marino2, N. Amin2, R. Baughman2, M. Gray2, 
A. Boss2, P. Richardson2; 
1University of Arizona/Pulmonary Associates, Phoenix, 2MannKind 
Corporation, Valencia, United States.

Background and aims: A clinical trial in 12 healthy subjects determined the 
pulmonary concentrations of insulin and fumaryl diketopiperazine (FDKP) 
using bronchoalveolar lavage (BAL) before and after administration of a rap-
id-acting insulin, Technosphere Insulin (TI) Inhalation Powder.
Materials and methods: Each subject received a 60 U dose and had two 
bronchoscopies at 0.5 and 6 h, or 4 and 8 h, or 0.5 h before dosing and 12 h 
after dosing. At each bronchoscopy, two independent BAL samples were col-
lected. Serum samples for serum insulin, FDKP, and serum C-peptide were 
collected at baseline and up to 475 min post-dose. Urea concentrations in 
BAL samples and blood urea nitrogen were measured and used for correcting 
BAL concentrations (see figure below).

Results: We previously reported a phase I trial using 99mTc-labeled TI inha-
lation particles. These particles were evenly distributed with approximately 
28% to 48% (mean 39.4%) of the 99mTc TI delivered to the deep lung. In this 
study, subjects were dosed with 60 U of TI. Concentrations of insulin and 
FDKP in BAL fluid were corrected for urea BAL to serum concentration ra-
tios. The amount of insulin and FDKP remaining in the lung epithelial lining 
fluid was highest (21.5 mIU/ml) in the first post-dose BAL samples (0.5 h). By 
4 h, levels were 31% of maximum; at 12 h, insulin and FDKP values in BAL 
were 0.3% and 0.4% of maximum, respectively. Accumulation of insulin and 
FDKP in the lungs after chronic dosing is unlikely.
Conclusion: Preliminary pharmacokinetic modeling of insulin (see solid line 
figure below) suggests a two-compartment lung absorption model, one with 
fast absorption reflected in the plasma profile of insulin. The other compart-
ment reflects reduced absorption, which is presumably due to proteolysis and 
mucociliary clearance of insulin.

Supported by: MannKind Corporation
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956
Comparison of glycaemic stability with long acting insulin analogue vs 
CSII in type 1 diabetic patients during the fasting period of functional 
insulin therapy
C. Halter, M. Floriot, P. Bohme, O. Ziegler, B. Guerci; 
Diabetology, Endocrinology, Metabolic Disease, Toul, France.

Background and aims: The aim of our study was to compare the pharmaco-
dynamics properties of the two modes of basal insulin administration dur-
ing a 36-h fast in 24 type 1 diabetic patients training for functional insulin 
therapy.
Materials and methods: Only basal insulin was delivered during the 36-h 
fast and glycemic stability was evaluated by continuous glucose monitoring 
(Glucoday®). The basal insulin dose was determined for each patient using 
the Howorka formula. In case of hyper or hypoglycaemia, insulin correction 
(1 or 2 UI of lispro or aspart) or carbohydrate collation (10 or 20 g) were 
respectively provided in order to recover normoglycaemia (80 - 120 mg/dL). 
Fifteen patients (8 Men 7 Women, age = 39.6 ± 12.5 years, weight = 76.4 ± 13 
Kg, HbA1c = 7.67 ± 1%, diabetes duration = 20.5 ± 9.8 years) were treated 
with one long acting analog insulin injection (Glargine group). Nine diabetic 
patients (5 Men 4 Women, age = 43.3 ± 12.3 years, weight = 70 ± 13 Kg, 
HbA1c = 7.93 ± 0.9%, diabetes duration = 21.77 ± 7.7 years) were treated 
with continuous subcutaneous insulin infusion (CSII) of fast acting analog 
(Lispro or Aspart) at a constant basal infusion rate (CSII group). The analy-
sis of the interstitial glucose curves (Glucoday®) recorded during the fast has 
allowed to determine the following asymptomatic glycaemic variability in-
dexes: standard deviation of mean interstitial glucose concentration, MAGE 
(Mean Amplitude Glycaemic Excursions) and MODD (Mean Of Daily blood 
glucose Differences).
Results: During the fasting period, the basal insulin dose was similar in the 
two groups (0.28 ± 0.08 UI/Kg/day in the Glargine group vs 0.29 ± 0.07 UI/
Kg/day in the CSII group, p=NS). However, the number of insulin correc-
tions necessary to maintain normoglycaemia was much higher in the CSII 
group (n = 3.2 ± 1.2 vs 2.1 ± 1.8, p = 0.05), but the number of « carbohy-
drate intake » necessary to maintain normoglycaemia was similar in the two 
groups (n = 2.7 ± 1.8 vs 2.7 ± 1.5 , p = NS). Mean interstitial glucose level and 
standard deviation of the mean interstitial glucose level (CSII = 99 ± 9 mg/dl 
vs glargine = 99 ± 15 mg/dl), MAGE index (CSII = 78 ± 38 mg/dL vs glargine 
= 75 ± 31 mg/dl) and MODD index (CSII = 44 ± 22 mg/dl vs glargine = 37 ± 
26 mg/dl) were not significantly different between the two groups. 
Conclusion: Fasting glycaemia regulation is as effective with subcutaneous 
long acting insulin injection as it is with CSII at a constant basal infusion 
rate.

957
The optimal type of bolus following a ‘Mediterranean’ meal in children 
and adolescents with type 1 diabetes using insulin pump therapy
M. Macedoni1, A.E. Scaramuzza1, D. Iafusco2, D. Spiri1, A. Bosetti3,  
E. Giani1, A. Gazzarri1, C. Mameli1, V. Fabiano1, A. De Palma1, G. Zuccotti1; 
1Paediatrics, University of Milano - Luigi Sacco Hospital, 2Paediatrics, 
Second University of Naples, 3Dietetics, University of Milano - Luigi Sacco 
Hospital, Italy.

Background and aims: Few is known about the best type of bolus before 
meals in patients with type 1 diabetes (T1DM) using insulin pump therapy. 
Last year we observed that the best bolus for a ‘pizza’ meal (pizza ‘margherita’) 
is 30/70 dual wave bolus extended over 6 hours. After this, we start to con-
sider that for a ‘Mediterranean’ meal (more carbohydrate and less proteins 
and lipids) a dual wave bolus might be better than a simple bolus. The aim of 
our study is to compare a simple bolus with different kind of dual wave bolus 
in order to identify the optimal one in case of a Mediterranean meal.
Materials and methods: We evaluated 26 children and adolescents, aged 5-
23 yrs (mean 15.40±4.84 yrs) with T1DM from 1 to 19 yrs (9.67±4.91 yrs), 
BMI 22.01±4.41 kg/m2, in therapy with subcutaneous insulin infusion (insu-
lin requirement 0.76±0.14U/kg/day). Each patient participated in a study to 
compare postprandial glucose values following 6 meal bolus regimens for a 
daily meal (1600-2000 kcal according to children age). Each patient utilized 

the following 6 aspart regimens on three consecutive days, and glucose values 
were recorded with SMBG: a) a single-wave bolus (100% of insulin given im-
mediately) injected 15 min before the meal; b) a single-wave bolus (100% of 
insulin given immediately) injected just before the meal; c) 4-h dual-wave 
bolus (50% of insulin given immediately and 50% given over a 4-h period) 
injected 15 min prior the meal; d) 4-h dual-wave bolus (50% of insulin give 
immediately and 50% given over a 4-h period) injected just before the meal; 
e) 4-h dual wave bolus (70% given immediately and 30% given over a 4-h 
period) injected 15 min before the meal; and f) 4-h dual wave bolus (70% 
given immediately and 30% given over a 4-h period) injected just before the 
meal. Total CHO was kept constant for each meal; insulin dose was calculated 
according to glycaemic value and CHO, using ISF and INS:CHO ratio. per-
sonalized for each patient.
Results: The results are shown in the table.
Conclusion: 70/30 double wave bolus extended over 4-h period following a 
Mediterranean meal injected 15 min before provided significantly less post-
prandial hyperglycemia during the 4-h period. Single-wave bolus could be 
used only if given 15 min before meal, even if we observed a rise in glycaemic 
values in the last two hours of the study.

Glycaemic values according the different bolus types in the children studied.
Type of bolus T’ 0 T’ 30 T’ 60 T’ 90 T’ 120 T’ 180 T’ 240 T’ 300 T’ 360
Single-wave 
bolus 15 min 
before

157±83 145±67 139±60 139±70 133±50 122±67 138±59 161±60 148±62

Single-wave 
bolus just 
before

143±77 144±71 136±82 119±75 122±70 144±51 156±65 180±65
p=0.02

193±80
p=0.01

Double-wave 
bolus 50/50 
in 4h 15 min 
before

114±64 163±52
p=0.03

181±63
p=0.02

172±72
p=0.03

163±75
p=0.03

131±68 121±70 105±44 98±26

Double-wave 
bolus 50/50 in 
4h just before

125±45 140±55 149±73 147±58 144±63 139±69 124±77 144±104 152±111

Double-wave 
bolus 70/30 
in 4h 15 min 
before

113±52 146±57 144±47 121±46 137±66 123±55 122±58 113±63 105±43

Double-wave 
bolus 70/30 in 
4h just before

109±37 114±42 114±50 114±54 116±41 127±66 152±60
p=0.02

181±72
p=0.01

189±76
p=0.01

958
Intraperitoneal insulin delivery gives higher circulating IGF-I activity 
than CSII in type 1 diabetes
C.A. Hedman1, J. Frystyk2, T. Lindström1, P. Oskarsson3, H.J. Arnqvist4; 
1Department of Medicine and Health, Linköping, Sweden, 2Medical 
Research Laboratories, Aarhus University Hospital, Denmark, 3Dept. of 
Endocrinology Karolinska University Hospital Huddinge, Stockholm, 
Sweden, 4Department of Clinical and Experimental Medicine, Linköping, 
Sweden.

Background and aims: In type 1 diabetes the circulating IGF-system is al-
tered with low IGF-I and changes in IGF-binding proteins (IGFBPs). These 
alterations may be of importance for development of diabetes complications. 
We hypothesized that the IGF-system is affected by the route of insulin ad-
ministration and that intraperitoneal (IP) insulin infusion has a more pro-
nounced effect than subcutaneous insulin administration.
Materials and methods: We compared 10 patients with type 1 diabetes 
and implantable insulin pumps administrating IP insulin to 20 age-and sex 
matched patients on continuous subcutaneous insulin infusion (CSII) treat-
ment, age 53.1± 9.1 years vs 52.8±9.0 (mean±SD), diabetes duration 24.2±11.3 
years vs 30.8±6.0 and HbA1c 8.6±1.4 % vs 7.9±0.8 % (DCCT standard)(ns). 
Circulating levels of IGF-I bioactivity and IGFBP-1 were measured with vali-
dated in-house assays. IGF-I bioactivity was measured with an IGF-I specific 
kinase receptor activation assay (KIRA).
Results: Fasting levels of bioactive IGF-I was 1.83±0.76 μg/L in patients 
with IP insulin infusion compared with 1.16±0.24 μg/L in patients with CSII 
(p=0.02). The corresponding concentrations of IGFBP-1 were 48.5(77.3) and 
80.6(42.2) μg/L [median (IQR)](p=0.07). Regression analysis showed a sig-
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nificant inverse correlation between bioactive IGF-I and IGFBP-1 (r=-0.59, 
p=0.001).
Conclusion: The IGF-I bioactivity is higher in patients with intraperitoneal 
pumps compared to CSII supporting the theory that the route of insulin ad-
ministration is of importance for the IGF-system. Intraperitoneal insulin ad-
ministration may therefore be beneficial by normalising the alterations of the 
IGF system in type 1 diabetes.

959
Time delay to occlusion detection of various insulin pumps
D. Wehbrink, A. Buhr, D. Bosshard, F. Kühni, L.G. Krinelke; 
Disetronic Medical Systems AG, Burgdorf, Switzerland.

Background and aims: Patients on pump therapy have only a small subcuta-
neous depot of insulin and therefore encounter an increased risk of ketoaci-
dosis if basal insulin delivery is interrupted. To limit this risk all insulin pump 
models are equipped with occlusion alarm mechanisms that, however, differ 
in sensitivity. A new, additional occlusion detection algorithm was developed 
and implemented into Accu-Chek Spirit Combo to detect occlusions earlier. 
The algorithm analyses the change in pressure over time to detect occlusions 
before the specified absolute force threshold is reached. The aim of this study 
was to compare the occlusion detection performance of the new pump to 
other commercially available insulin pumps.
Materials and methods: The response to an infusion set occlusion was tested 
in two to five insulin pumps of each model according to the standardized 
procedure specified in IEC 60601-2-24 section 51.101b. Plastic cartridges and 
infusion sets with 110 cm tubing were used (Accu-Chek TenderLink, Para-
digm Silhouette® and Paradigm Quick-set®).
Results: First results demonstrate that the time to occlusion alarm was de-
pendent on the basal rate and significantly differed between pump models 
and settings (Table 1).
Conclusion: Accu-Chek Spirit Combo and Animas® 2020 (sensitivity set to 
“high”) detected occlusions on average 2 to 5 times earlier at the lower basal 
rate tested. Time delays for MiniMed Paradigm® 522/722 were much longer 
compared to the other models or settings used. Measured time delays were 
compatible with the information of the respective user manuals. The marked 
different delay times in occlusion detection should be considered when select-
ing the insulin pump model for a patient since these differences may become 
relevant during the night and between meals when no boluses are given.

Table 1: Time to occlusion alarm depending on insulin pump and basal rate 
delivery

Basal Rate  
0.05 IU/h

Basal Rate  
1.0 IU/h

Mean ± SD (hh:mm)
Accu-Chek Spirit Combo (n=5) 11:07 ± 5:04 0:51 ± 0:16
MiniMed Paradigm®

722 (n=2) & 522 (n=3)
60:58 ± 13:38*** 1:58 ± 0:25***

Animas® 2020 (n=5)
Occlusion detection set to “low”

36:22 ± 6:41*** 1:22 ± 0:13**

Animas® 2020 (n=5)
Occlusion detection set to “high”

12:47 ± 4:08 0:34 ± 0:09

One Touch® PingTM (n=5)
Occlusion detection set to “low”

35:51 ± 22:59* 1:00 ± 0:23

One Touch® PingTM (n=5)
Occlusion detection set to “high”

22:36 ± 13:21 0:41 ± 0:16

* P <0.05; ** P <0.01; *** P <0.001 (t-Test) as compared to Accu-Chek Spirit 
Combo.

960
The influence of needle length on glycaemic control and injection-related 
complaints in obese diabetic subjects
G. Kreugel, B.H.R. Wolffenbuttel, J.C. Keers; 
Endocrinology, University Medical Center, Groningen, Netherlands.

Background and aims: A correct injection technique is important for opti-
mal glucose control with insulin injections. Recent studies show that 5mm 
needles are safe and associated with unchanged HbA1c levels and reduced 
discomfort for patients compared with 8 or 12mm needles. Obese patients 

are usually advised to use 8-12mm needles when injecting insulin. This study 
investigated the effects of using 5mm x 31G needles vs 8mm x 31G needles 
in obese DM patients.
Materials and methods: In this multicenter, open-label, cross-over study, 
130 patients with either type 1 or type 2 DM, injecting insulin with a pen and 
a BMI ≥ 30kg/m2 were randomized into 2 groups. Group A used a 5mm nee-
dle in the first period and an 8mm needle in the second period; group B used 
the reverse order - each period was 3 months. The effects on HbA1c, fruc-
tosamine, 1.5 Anhydroglucitol (1,5 AG) and patient-reported hypoglycemic 
events, bleeding, bruising, backflow of insulin and pain were compared.
Results: 126 patients, mean BMI 36.4 (range 30-62), completed the study. 
Baseline parameters of HbA1c, amount of insulin, and BMI of the 2 groups 
were similar. There was no significant change in HbA1c while using either 
needle length, in either group. For all patients, mean HbA1c decreased from 
7.6 to 7.5 (p=0.03) when using the 5mm needle, and stayed 7.6 % with the 
8mm needle. Group B showed a minor decrease of insulin with the 5mm nee-
dle. The 1,5 AG and fructosamine assays are pending. Table 1 shows HbA1c 
in relation to needle length before enrollment to the end of the first treatment 
period. Differences were not significant. They support the primary findings of 
little HbA1c difference due to needle length within the two trial periods.

HbA1c at baseline and after 3 months, needles classified to length 5 and 
length 8
Needle length before 
inclusion

First Period Baseline HbA1c HbA1c after 
3 months

5mm (n=65) Length 5 (n=31) 7.5 ± 1.1 7.4 ± 1.1
Length 8 (n=34) 7.3 ± 0.9 7.5 ± 0.8

8mm (n=54) Length 5 (n=31) 8 ± 1.2 7.7 ± 0.9
Length 8 (n=23) 7.8 ± 0.9 7.5 ± 0.9

There were no differences in hypoglycemic events, bruising and pain in either 
group during both periods. Patients reported less bleeding (p=0.04) with the 
5mm needle, and less insulin backflow with the 8mm needle (p=0.01). The 
5mm needle was preferred by 46% of patients, the 8mm needle by 41%; 13% 
had no preference. Neither needle length before inclusion or BMI were cor-
related to preference. No correlation (with both needle lengths) was found 
between backflow of insulin and BMI, WHR, HbA1c, amount of used insu-
lin units, skinfold or injection site. There was a strong correlation (p<0.01) 
between bleeding and bruising. Results of hypoglycemic events, bleeding, 
bruising, backflow of insulin and pain with the first-period questionnaire 
were strongly correlated (p<0.01) with the outcomes of the second-period 
questionnaire.
Conclusion: 5mm needles can be safely used in obese DM patients with-
out negative effects on HbA1c and without differences in local injection-re-
lated complaints, compared to 8mm needles. Injection complaints in obese 
patients appear more patient-dependent than needle-length dependent. Pa-
tients should receive information about the various needle lengths available 
and if they experience problems when injecting insulin, a trial of a different 
needle may be helpful.
Supported by: BD

961
The best insulin injection pen device for caregivers: results of simulation 
injection trials using 5 insulin injection devices
F. Yakushiji1, H. Fujita2, J. Hiroi3, Y. Terayama3, M. Yasuda1, S. Nishimura2, 
K. Nagasawa4, M. Shimojo5, K. Taniguchi1, K. Fujiki1, J. Tomiyama1,  
H. Kinoshita1; 
1Internal medicine, Tokyo Metropolitan Bokutoh Hospital, 2Transfusion 
Medicine, Tokyo Metropolitan Bokutoh Hospital, 3Pharmacy, Tokyo 
Metropolitan Bokutoh Hospital, 4Endocrinology and Metabolism, 
Toranomon Hospital, Tokyo, 5Internal medicine, Kanagawa Prefectual 
Shiomidai Hospital, Yokohama, Japan.

Aim: In Japan, trained caregivers, generally family members, are allowed to 
administer insulin injections to diabetic patients who cannot self-inject in-
sulin. An increased elderly and diabetic population has caused an increase 
in the number of diabetics who cannot self-inject insulin, requiring a greater 
number of caregivers who possess this skill. Here, we assessed the problems 
when insulin was injected by caregivers, and performed subjective evalua-
tions of insulin injection devices.
Methods: We evaluated 5 devices_Opticlik®, SoloStar®, MirioPen® without 
an antiskid tool (Mirio(-)), MirioPen® with an antiskid tool (Mirio(+)), and 



S 378 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

FlexPen®. The 22 respondents performed a sham injection to themselves 
(self-injection) and others (other-injection). Thereafter, respondents evalu-
ated the feel and ease of the use of the pen devices through questionnaires. 
(1) Thickness of the insulin pen device, (2) Length, (3) Weight, (4) Stability 
of the needle on injecting into prosthetic skin , (5) Ease in seeing the dial 
at injection: the ease with which the dial and its movement can be seen, (6) 
Ease of pushing at injection: the usability and the presence of sound with 
successful injection button at the time of insulin injection, (7) Recapping 
the needle after injection: the ease of recapping the needle and any awkward 
arm movements required for recapping, (8) Needle disposal after recapping: 
the series of movements required for the disposal of needle after recapping 
it for destroying the needle, (9) Comprehensive evaluation were scored by 
respondents. For (4), (5), (6), (7) , (8) , (9) , a score of 5 meant good, 4(slightly 
good), 3 (normal), 2 (slightly bad), 1 (bad).
Results: Scores of comprehensive evaluation in self-injection were (Mean± 
S.D.) : 2.909 ± 1.192 for OptiClik, 3.273 ± 0.985 (SoloStar) , 3.227 ± 0.813 
(Mirio(-)), 2.818 ± 0.958 (Mirio(+)), 3.545 ± 0.912 (FlexPen). Scores of com-
prehensive evaluation in other-injection were 3.364 ± 0.790 (OptiClik) , 2.864 
± 0.774 (SoloStar) , 3.091 ± 0.868 (Mirio(-)), 2.818 ± 0.958 (Mirio(+)), 2.591 
± 0.854 (FlexPen). FlexPen was selected to as the best device for self-injection 
but as the worst device for other-injection. Opticlik was selected to as the sec-
ond worst device for self-injection but as the best device for other-injection. 
Moreover, for other-injection, FlexPen was considered to be too long, less sta-
ble, difficult to see the dial, difficult to recap, and comprehensively inferior.
Conclusion: We identified problems that were not apparent during studies 
evaluating conventional self-injection. We consider that the viewpoint from a 
caregiver is necessary for developing an insulin device specifically meant for 
insulin injection by other-injection.
Supported by: Tokyo Metropolitan Gov’t Clinical Research Foundation

962
Risk of repeated use of needles for insulin pen needle in patients with 
diabetes mellitus
I.V. Misnikova, A.V. Dreval, V.A. Gubkina, E.V. Rusanova; 
Endocrinology, Moscow Regional Resaerch Clinical Institute, Russian 
Federation.

Background and aims: Repeated use of needles for insulin pen needles is 
a serious violation of insulin injection technique. At repeated use, needle is 
exposed to significant deformation that increases injection morbidity and, 
probably, risk of lipodystrophy in sites of insulin injections. In literature, 
there are evidences that repeated use of insulin needles increases risk of in-
fection development. Aim of study was to estimate danger of repeated use of 
needles BD Micro-Fine Plus for insulin pen needles on degree of contamina-
tion of needles with bacterial microflora, intensity of pain and presence of 
local reaction in sites of insulin injection.
Materials and methods: Blind, randomized study. 45 patients with diabetes 
mellitus of 1 and 2 types, age over 18 years old, on regimen of triple injec-
tions of short-acting insulin action and signed informed consent form were 
included in the study. The patients were randomized in 3 groups - 15 people 
in each. First group of patients used needle one time, second group - for 4 
days (12 injections), and third group - within 7 days (21 injections). Chang-
ing of needles was carried out by medical staff. Duration of observation in 
all groups was 7 days. After use, microbiologic washouts were obtained from 
needles on aerobic, anaerobic flora and fungi. Intensity of pain after injection 
was estimated using the Visual-Analogue Scale (VAS) on 1, 4 and 7 day of 
study. Presence of local reaction in insulin injection site was determined by 
doctor on 1, 4 and 7 day of the study. Statistical processing of the received 
results was carried out using programs SPSS version 11.0 for Windows, for 
detection of differences between the groups, the nonparametric method of 
assessment - Mann-Whitney criterion (U-criterion) was used. Differences 
considered statistically significant at p <0,05 (95 % level of significance).
Results: Growth of microbe flora (Staphylococcus.koar - (Hly +) was re-
vealed in 26,6 % of DM patients, who used a needle one time. Maximum 
quantity of needles contaminated by microbe microflora was registered in 3d 
group (33,3 %) (Staphylococcus.koar - (Hly +) and Gram+ bacilli. Intensity of 
pain was significantly higher in 2nd group, than in 1st one (p=0,45) on fourth 
day of study, and in 3d group pain was considerably more intense than in 1st 
group (p=0,03) on 7 day of the study. Hyperemia foci in injection sites on 4 
and 7 days of the study were revealed only in 2nd and 3d groups (13,3 and 26,6 
%, correspondingly).
Conclusion: Already after single use, risk of microbe contamination of an 
insulin needle increases. Repeated use of needles amplifies risk of needle con-

tamination. Patients using insulin needles several times suffered from pain 
caused by insulin injections more often.

963
Microneedle-based intradermal injection of lispro or human regular 
insulin accelerates insulin uptake and reduces post-prandial glycaemia
L. Heinemann1, R.J. Pettis2, L.J. Hirsch3, L. Nosek1, C. Kapitza1, D.E. Sutter2, 
N.G. Harvey2; 
1Profil Inst. für Stoffwechselforschung, Düsseldorf, Germany, 2Advanced 
Diabetes Care, BD Technologies, Research Triangle Park, United States, 
3Diabetes Care, BD Medical, Franklin Lakes, United States.

Background and aims: Previously, intradermal (ID) insulin injection has 
demonstrated increased insulin uptake and action under glucose clamp con-
ditions. This study investigated the effects of injection route, timing, and in-
sulin type on the pharmacokinetics (PK) and prandial pharmacodynamics 
(PD) of insulin lispro (IL) and regular human insulin (RHI) under standard-
ized meal conditions.
Materials and methods: After blood glucose stabilization at 120 mg/dL, 29 
Type 1 diabetic males (mean age 35 yrs, BMI 25.7 kg/m2, HbA1c 7.4%) re-
ceived 0.125U/kg of insulin at 2 or 17 mins before a standardized high-carb 
liquid meal (82g CHO), in a 5-arm randomized crossover study (Table 1). ID 
injections were administered using 1.5 mm x 34G microneedles or 8 mm x 
31G needles for subcutaneous (SC) delivery.
Results: PK: Both insulin types showed markedly faster uptake and increased 
Cmax when given ID compared to SC. Although total bioavailability over 4 hrs 
was similar between routes, ID delivery increased early phase absorption by 
40-50% during the first 90 mins post-dosing. Likewise, the median Tmax was 
reduced by one-half or greater for each insulin type. PD: The post-prandial 
glycemic (PPG) excursion (measured by primary PD endpoint: BG-AUC, 0-
1.5h) for ID RHI was significantly reduced vs SC injection when both were 
given at -17 mins premeal (p<0.0001). Injection timing was also a significant 
factor, as ID RHI had a lower PPG when injected -17 mins pre-meal vs -2 
mins. Overall, the mean BG response curve for ID IL tended to be lower and 
more level than that observed for SC IL when administered immediately pre-
meal. However, the PPG for ID injection was not significantly different (NS) 
vs SC IL (P=0.1). Interestingly, the 4 hr PPG excursion for ID RHI given at -2 
min was also NS from SC IL as measured by BG-AUC, although the BG max 
was slightly higher and occurred later. SC RHI at -17 mins had the highest 
BG responses, while ID RHI at -17 mins had one of the better PD outcomes. 
ID injection was well tolerated.
Conclusion: This study demonstrates that microneedle-based ID administra-
tion has a substantial impact on insulin PK, with a faster onset time observed 
for both insulin types. The reduction of prandial BG seen for ID regular in-
sulin and the BG trends observed for ID insulin lispro may offer promise for 
improved outcomes with prandial insulin therapy.

Table 1. PK/PD Outcomes (Mean±SD)
ID IL  
-2 min

SC IL  
-2 min

ID RHI  
-2 min

ID RHI  
-17 min

SC RHI  
-17 min

PD
BG-AUC0-1.5h (h*mg/dL) 218±37 231±41 234±42 208±43 242±43
BG1.5h (mg/dL) 156±45 167±54 178±45 161±46 194±53
BG-Max0-1.5h (mg/dL) 173±35 185±41 190±40 171±40 201±48
tBG-Max0-1.5h

†
 (min) 50 60 70 80 90

PK
INS-AUC0-1.5h (h*μU/mL) 60±18 47±18 53±22‡ 56±19‡ 38±16‡

INS-AUC0-4h (h*μU/mL) 100±29 99±30 119±57‡ NA NA
INS-MAX (h*μU/mL) 59±18 47±17 49±28 47±20 35±18
tINS-MAX†

 (min) 30 58 45 30 105
†Median times
‡Adjusted for background baseline

Supported by: BD Technologies



Diabetologia (2009) 52:[Suppl1]S1–S550 S 379

1 C

PS 83 Starting insulin in type 2 
diabetes
964
Clinical outcomes at 24 months following insulin initiation in Europe: 
data from the INSTIGATE study
A. Liebl1, S. Jones2, M. Benroubi3, C. Castell4, A. Goday5, H.T. Smith6,  
C. Nicolay7, A. Simpson6; 
1Center for Diabetes and Metabolism, Bad Heilbrunn, Germany, 2James 
Cook University Hospital, Middlesborough, United Kingdom, 3Polyclinic 
General Hospital, Athens, Greece, 4Department de Salut, Barcelona, 
Spain, 5Hospital del Mar, Barcelona, Spain, 6Eli Lilly & Co, Surrey, United 
Kingdom, 7Eli Lilly & Co, Bad Homburg, Germany.

Background and aims: INSTIGATE is a prospective observational study in 
Europe, investigating patients with type 2 diabetes who initiate insulin dur-
ing usual care. Follow up data to 24 months (m) were collected in Germany 
(De), Greece (Gr) and Spain (Es). An objective of the study is to describe 
metabolic control and clinical outcomes following insulin intitiation. This 
abstract describes diabetes therapy and observed clinical outcomes over the 
24m following insulin initiation.
Materials and methods: Data on medication, clinical outcomes, health re-
lated quality of life and resource use were collected when patients initiated 
insulin and at regular intervals for 24m.
Results: Of 726 patients entering the study (De 256; Gr 263; Es 207), 564 (De 
155; Gr 237; Es 172) had at least a 12m visit and 498 (De 119; Gr 227; Es 152) 
were followed to 24m.
In De patients were prescribed more intensive insulin regimens, at baseline 
76% of patients (118/155) were on prandial based regimens, mean 3.1 injec-
tions per day. In contrast in Gr and Es at baseline either basal only or premix 
only were more common; 80% (190/237) in Gr and 88% (152/172) in Es, mean 
daily injections of 1.8 and 1.4, respectively. There were few changes in insulin 
regimens over the first 24m; in Gr 25 patients (11%) and in Es 12 (8%) changed 
their insulin regimen, there were more changes in De where 34 patients (29%) 
changed regimen. At baseline mean total daily dose (IU/Kg) was highest in 
Gr 0.41 (De 0.28, Es 0.27), by 24m mean dose in De was highest at 0.59 (Gr 
0.54, Es 0.34). Mean HbA1c fell in all countries in the 6m following insulin 
initiation, and remained relatively stable over the subsequent 18m follow up. 
Only in De did mean HbA1c fall below 7% (Figure 1). Increase in weight was 
variable; mean weight change (Kg) in the 24m following insulin initiation was 
+0.23 in Es, +2.96 in Gr and +3.81 in De. Data was also collected on hypogly-
caemia. The % of patients reporting at least one episode of hypoglycaemia in 
the first 6m of insulin therapy were Es 20%, De 23% and Gr 29%; but rates fell 
over time. Between 18 and 24m 8% in Es, 10% in De and 23% in Gr reported 
at least one episode. The number of episodes requiring 3rd party assistance or 
hospitalisation was low, particularly in De where in the 24m following insulin 
initiation there were no episodes requiring hospitalisation (Es 3, Gr 2) and 
only 4 episodes requiring 3rd party assistance (Es 42, Gr 65).
Conclusion: There was a consistent lowering of HbA1c in the 6m following 
initiation thereafter HbA1c remained stable. There was relatively little change 
in insulin regimens over time. It is evident that across different countries 
approaches to diabetes management with insulin therapy vary; due to local 
guidelines and health care systems, which impact patient outcomes.

965
Prandial-basal insulin regimens to improve mealtime glycaemia in type 
2 diabetes: comparison of two approaches in starting and intensifying 
insulin
L.L. Ilag, X. Mao, for the PRIME T2D Study Group; 
Eli Lilly and Company, Indianapolis, United States.

Background and aims: Many type 2 diabetes (T2D) patients initiate insulin 
with basal insulin, then need prandial insulin coverage to achieve blood glu-
cose (BG) targets. A premix insulin with 50% basal/50% prandial insulin (in-
sulin lispro mix 50, 50% insulin lispro/50% insulin lispro protamine suspen-
sion [ILPS]; LM50) may be a practical alternative. This 36-wk international 
study tested noninferiority between the addition of once-daily basal insulin 
with up to 3 injections of premeal prandial insulin, (glargine + lispro; G+L) 
if needed, vs addition of once-daily premix insulin (LM50) with progressive 
escalation to 2-3 injections if needed, in patients with T2D and inadequate 
glycemic control on 2 or more oral antihyperglycemic drugs (OAD).
Materials and methods: Adult T2D pts with HbA1c ≥7.5 and ≤12.0% on at 
least 2 OAD (metformin, thiazolidinedione, or sulfonylurea) were randomized 
to begin 10 U of dinnertime LM50 or 10 U of morning insulin glargine, each 
continuing on OAD. Protocol-driven dose titrations and addition of insu-
lin injections (LM50 or lispro) targeted pre-meal BG 4.44-5.56 mmol/L and 
HbA1c <7% at 12- and 24-wks. Insulin injections were not added after wk 24. 
The primary outcome was change in HbA1c from baseline to endpoint (36 wks 
or LOCF). Noninferiority was established if the upper bound of the two-sided 
95% CI (confidence interval) for treatment difference was <0.3%. Other meas-
ures included 7-pt BG profile, hypoglycemia, insulin dose and weight.
Results: Both groups had similar baseline age (59 vs 60 yrs), duration of dia-
betes (11 vs 12 yrs), weight, OAD use and HbA1c (results in table). 
While endpoint HbA1c and proportion of pts with HbA1c <7% had no statisti-
cally significant difference between groups, noninferiority was not met (pri-
mary objective CI upper limit 0.3%). Majority of pts (286/469~61%) had >1 in-
jection at study end (median=2 in both). Eleven pts replaced dinnertime LM50 
with LM25 (25% insulin lispro/75% ILPS). Endpoint 7-pt BG profiles remark-
ably improved in both groups from baseline, and profiles were similar at all 
time points except fasting and evening 2-h pp. Endpoint hypoglycemia rate was 
significantly higher for G+L at endpoint, but not over the entire study (p=0.22). 
A statistically significant difference was noted in daily insulin dose at endpoint. 
There was no significant difference in weight over the study (p=0.80).
Conclusion: Starting once-daily insulin glargine then adding mealtime insu-
lin lispro, compared to starting with once-daily LM50 then advancing to 2-3 

Total Subjects*
N=383

G+L
N=195

LM50
N=188

p-value Point estimate 
(95% CI)

HbA1c , % (SD)
Baseline 9.17 (1.17) 9.31 (1.18) p=0.11
Change -1.93 (1.38) -1.76 (1.42) p=0.10
Endpoint 7.49 (1.02) 7.66 (1.09) p=0.10
Difference (change from 
baseline to endpoint)

0.17 (-0.03 
- 0.37)†

Pts with HbA1c <7% 39% 35% p=0.48
*Per-protocol population. Data is expressed as Mean (SD) unless otherwise 
stated.
†Supportive analysis using ITT population (95% CI: (-0.01-0.36) consistent 
with per-protocol analysis.
Total Subjects‡
N=479

G+L
N=240

LM50
N=239

p-value

SMBG, mmol/L (SD)
Endpoint fasting 6.53 (1.91) 6.98 (2.01) p=0.01
Endpoint evening 2-h 
postprandial (pp)

9.84 (2.40) 9.27 (2.42) p=0.01

Hypoglycemia rate
Endpoint
episodes/pt/30 days

2.19 (3.60) 1.57 (2.98) p=0.02

Daily insulin dose (U/kg)
Endpoint 0.51 (0.28) 0.57 (0.36) p=0.017
‡ITT population. ITT, Intent-to-treat. ANCOVA model was used for all 
continuous variables, nonparametric analysis for hypoglycemia rate and 
logistic regression for % pts with HbA1c <7.0%.Supported by: Eli Lilly and Company and Amylin Pharmaceuticals, Inc.
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daily injections, had no statistically significant difference in endpoint HbA1c, 
however, noninferiority of LM50 to G+L was not met. Lower fasting BG and 
higher endpoint hypoglycemia rate with G+L and lower dinnertime ppBG 
with LM50 were seen. Both groups demonstrated clinically meaningful abil-
ity to improve glycemic control supporting 2 alternative basal-bolus insulin 
approaches for patients with T2D.
Supported by: Eli Lilly and Company

966
Once-daily insulin glargine requires a significantly lower dose than 
insulin detemir twice daily to achieve good glycaemic control in patients 
with type 2 diabetes failing oral therapy
S.G.H. Swinnen1, M.P. Dain2, R. Aronson3, D. Roberts4, M. Davies5,  
H.C. Gerstein6, A.F.H. Pfeiffer7, J.H. DeVries1, J.B.L. Hoekstra1, F. Holleman1; 
1Academic Medical Centre, Amsterdam, Netherlands, 2sanofi-aventis, Paris, 
France, 3LMC Endocrinology Centres, Toronto, Canada, 4Logan Hospital, 
Meadowbrook, Australia, 5University of Leicester, United Kingdom, 6McMaster 
University, Hamilton, Canada, 7Charité University Medicine, Berlin, Germany.

Background and aims: Basal insulin is recommended for the initiation of 
insulin therapy in type 2 diabetes (T2D). However, studies comparing the 
two basal insulin analogues insulin glargine (GLAR) and insulin detemir 
(DET) are limited. This 24-wk multinational, open-label, parallel-group, ran-
domized trial compared the efficacy and safety of GLAR once-daily (od) vs 
DET twice-daily (bid) in patients (pts) with T2D inadequately controlled on 
oral glucose-lowering drugs (OGLDs). The primary objective was to demon-
strate the non-inferiority of GLAR vs DET with respect to the percentage of 
pts reaching HbA1c < 7% without symptomatic hypoglycaemia confirmed by 
plasma glucose (PG) ≤ 56 mg/dL (3.1 mmol/L).
Materials and methods: 964 insulin-naïve pts, aged 40-75 yrs, T2D duration 
≥ 1 yr, BMI < 40 kg/m2, with inadequately controlled T2D (HbA1c 7.0-10.5%) 
on OGLDs (including metformin [MET] ≥ 1 g/day) were randomized to ei-
ther GLAR (n=478; at dinner or bedtime) or DET (n=486; at breakfast and 
before dinner), added to stable doses of MET. For both insulins the starting 
daily dose was 0.2 U/kg, which was then titrated every 2 days by 2 U to obtain 
fasting PG (FPG) < 100 mg/dL (5.6 mmol/L). For DET, there also was a pre-
dinner titration target < 100 mg/dL.
Results: Baseline mean (± SD) age was 58.4 ± 8.3 yrs, T2D duration 9.9 ± 5.8 
yrs, FPG 173.8 ± 42.0 mg/dL and HbA1c 8.7 ± 0.9%. GLAR od was non-inferi-
or to DET bid; 27.5 and 25.6% of pts reached HbA1c < 7% without confirmed 
hypoglycaemia (difference 1.85% [95% CI: -3.78; 7.48]). Change from base-
line to endpoint HbA1c was similar with GLAR and DET (-1.46 ± 1.09 and 
-1.54 ± 1.11%; p=0.149), endpoint HbA1c levels were 7.2 ± 0.9 and 7.1 ± 0.9%, 
respectively. Endpoint FPG was lower with GLAR vs DET (108 ± 24 vs 119 
± 32 mg/dL) and decreased significantly more with GLAR vs DET (-64 ± 45 
vs -58 ± 45 mg/dL; p<0.001). There was a lower rate of daytime symptomatic 
hypoglycaemia confirmed by PG ≤ 56 mg/dL (3.1 mmol/L) in the GLAR vs 
DET group (1.06 ± 3.13 vs 1.64 ± 5.42 events/patient yr; p=0.046). Frequen-
cies of asymptomatic, overall symptomatic, nocturnal symptomatic and se-
vere hypoglycaemia were comparable between treatment groups. Compared 
with the GLAR group, pts treated with DET gained significantly less weight 
(0.6 vs 1.4 kg, difference 0.77 kg [95% CI: 0.38; 1.16]; p<0.001) and required 
significantly higher daily insulin doses (76.5 vs 43.5 U, difference 33.1 U [95% 
CI: 27.8; 38.3]; p<0.001). Significantly more pts in the DET group terminated 
the study early (10.1 vs 4.6%; p=0.001), the most common reason was adverse 
events (4.5 vs 1.5%), in particular skin reactions (9 vs 0 pts).
Conclusion: GLAR od was non-inferior to DET bid with respect to the percent-
age of pts reaching the current glycaemic goal of HbA1c< 7% without sympto-
matic confirmed hypoglycaemia. GLAR od and DET bid resulted in similar im-
provements in HbA1c. However, pts treated with DET bid required higher daily 
insulin doses, had less weight gain and more drop outs vs the GLAR od group.
Supported by: sanofi-aventis

967
A quantitative assessment of patients’ barriers to insulin
R. Casciano1, E. Malangone1, A. Ramachandran2, J. Gagliardino3; 
1Analytica, New York, United States, 2India Diabetes Research Foundation, 
Chennai, 3CENEXA (UNLP-CONICET), La Plata, Buenos Aires, Argentina.

Background and aims: The International Diabetes Management Practices 
Study (IDMPS) is a 5-year study aimed at assessing therapeutic manage-
ment of diabetic patients in Africa, Asia, Latin America and the Middle East. 
Within the third wave of the study (2008), a patient questionnaire was ad-
ministered to assess preferences and perceptions of diabetes treatments, with 
a focus on identifying patient barriers to insulin treatment.
Materials and methods: The questionnaire was administered using indirect and 
direct methods. Discrete choice modeling was used to assess how product at-
tributes (formulation [oral / injection], dosing [number of daily doses], blood 
sugar maintenance, risk of hypoglycemia symptoms, and presence of side effects 
[dermatological, GI, and cardiac]) influence patients’ preferences for diabetes 
treatment. These attributes were translated into hypothetical scenarios within 
choice sets for inclusion in the patient questionnaire. A multinomial logit model 
was used to analyze the discrete choice data and to find the odds ratio for each 
parameter. This model allowed for analysis of the probability of selecting a cho-
sen alternative given a choice set as well as the derivation of relative attribute im-
portance, an indication of how influential product attributes are in the respond-
ents’ choices. Sub analyses were performed to explore the impact of factors such 
as diabetes understanding, comfort with needles and geographic location.
Results: The IDMPS questionnaire was administered to 14,033 diabetes pa-
tients in 18 countries. The majority of respondents were female (54%), with 
a high proportion suffering from Type 2 diabetes (T2DM) (n=11,883; 85%). 
More than half (56%) of respondents reported receiving diabetes education. 
Additionally, 48% of patients self-monitor their blood glucose levels. Across 
subgroups, formulation was a primary driver of patient preference while risk 
of hypoglycemia symptoms did not heavily influence treatment decisions. Pa-
tient preferences vary significantly by diabetes type, with T2DM patients as-
signing much higher relative importance to formulation than Type 1 patients 
(30.86% vs.4.99%, respectively; p<0.0001). Experience with insulin treatment 
also has a significant impact on the importance placed on formulation. In-
sulin treated T2DM patients placed less importance on formulation than 
insulin naïve T2DM patients (3.09% vs. 47.48%, respectively; p <0.0001). 
Furthermore, patients treated with insulin placed greater importance on side 
effects compared to insulin naïve patients (31.59% vs. 13.75%, respectively; 
p=0.0298). Diabetes education also appears to have a significant effect on the 
priority given to formulation between T2DM patients who received diabetes 
training and those who did not (33.68% vs. 28.21%, respectively; p<0.0001).
Conclusion: The insulin barriers perceived by patients with diabetes evolve with 
their experience of the disease. Formulation is the primary driver of preference 
for insulin naïve patients. However, patients become increasingly concerned 
with more clinically relevant barriers (eg side effects, blood glucose levels) as 
they gain experience with insulin. This finding indicates that patients using 
insulin understand the importance of achieving an optimal balance between 
safety and efficacy. Education is important when selecting a treatment option, 
as the optimal regimen will change over the course of disease duration.
Supported by: sanofi-aventis

968
Pharmacodynamic and pharmacokinetic effects of subcutaneous insulin 
glulisine versus insulin aspart prior to a standard meal in obese subjects 
with type 2 diabetes
G.B. Bolli1, S. Luzio2, F. Porcellati1, C. Sert-Langeron3, B. Charbonnel4,  
Y. Zair4, D. Owens2; 
1Department of Internal Medicine, Endocrinology and Metabolism, 
University of Perugia, Italy, 2Diabetes Research Unit, Llandough Hospital, 
South Glamorgan, United Kingdom, 3sanofi-aventis, Paris, France, 4Centre 
de Recherche en Nutrition Humaine, INSERM U 915, Nantes, France.

Background and aims: This multinational, randomized, double-blind, two-
way crossover trial (7-day washout) compared the pharmacodynamic (PD)/
pharmacokinetic (PK) profiles of insulin glulisine (GLU) versus insulin as-
part (ASP) followed by a standard meal in insulin-naïve, obese subjects with 
Type 2 diabetes (T2D). The primary endpoint was glucose excursion (AUC0-1 

h) during the first hour after the beginning of the test meal.
Materials and methods: Overnight-fasted subjects received a 0.2 U/kg dose 
of GLU or ASP subcutaneously within 2 min before starting the meal. Blood 
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samples were taken every 15 min, starting 20 min before the meal and end-
ing 6 hr post-meal. After a 1-week washout period, the same procedure was 
repeated using the alternative insulin preparation.
Results: Of the 37 subjects who were randomized (13/24 females/males; 
mean ± SD age, 60.3 ± 8.3 yr; BMI, 33.7 ± 3.3 kg/m²; T2D duration, 7.3 ± 
4.9 yr; HbA1c, 7.1 ± 0.8%), 30 were eligible for PD/PK analyses. AUC0-1 h and 
maximal glucose concentration (glucosemax) were significantly lower with 
GLU than with ASP (Table). For the total study period, however, plasma glu-
cose concentration was similar between GLU and ASP (Table). Insulin levels 
throughout the study (geometric [arithmetic] means: 2002 [2007] vs 1289 
[1333] pmol.hr/L; p<0.0001), and peak insulin concentration (534 [570] vs 
363 [385] pmol/L; p<0.0001) were significantly higher with GLU than with 
ASP. Among the 37 patients randomized, hypoglycaemia events (<3.9 mmol/
L with or without symptoms) were reported in 13 subjects on GLU and 16 
subjects on ASP; there were no cases of severe hypoglycaemia.
Conclusion: In this study, GLU was associated with lower glucose levels dur-
ing the first hour post-meal, owing to a faster subcutaneous absorption rate 
than for ASP in obese subjects with T2D.

Table
PD parameters GLU ASP p value Estimate for mean ratios 

(90% CI)[GLU/ASP]* 
AUC0-1 h, mg.hr/dL† 149 158 0.0455 94% [90%, 99%]
AUC0-6 h, mg.hr/dL† 738 750 NS 98% [95%, 104%]
Glucosemax, mg/dL† 170 181 0.0337 94% [90%, 99%]
TGlucosemax, min‡ 60 60 0.3328 -5 [-20, 5]§

Time to fraction of 
total glucose AUC 
(10%), min‡

40 40 NS -2 [-6, 2]§

*Based on untransformed data; †mean, ‡median; §difference between treat-
ment medians. Superiority concluded if p value <5%. If non-significant, 
bioequivalence concluded if 90% CI for mean ratios within [80%; 125%]

Supported by: sanofi-aventis

969
Diabetes treatment satisfaction in a 20-week, randomized, controlled 
trial (TITRATE STUDY)
P. Raskin1, M. Merilainen2, P.-L. Chu2, L. Blonde3, for the TITRATE Study 
Group; 
1Department of Internal Medicine, University of Texas Southwestern 
Medical Center, Dallas, 2Novo Nordisk, Inc., Princeton, 3Ochsner Medical 
Center, New Orleans, United States.

Background and aims: To assess treatment satisfaction using the Diabetes 
Treatment Satisfaction Questionnaire (DTSQ) in a treat-to-target trial with 
insulin detemir in combination with OAD therapy using two FPG titration 
targets
Materials and methods: The TITRATE® study was a 20-week, randomized, 
controlled trial in subjects with type 2 diabetes who failed to achieve glyc-
emic targets with 1-3 OADs. After a 2-week screening period, subjects were 
randomized 1:1 to two FPG titration targets (either 3.9-5.0 mmol/l or 4.4-
6.1 mmol/l) for basal insulin initiation and dose titration. Results presented 
elsewhere showed both targets were safe and effective for lowering HbA1c, 
with the more aggressive FPG target providing superior glycaemic control. 
Here we assessed treatment satisfaction using the validated DTSQ. Subjects 
completed this 8-question assessment at randomization (Week 0) and at end 
of study (Week 20).
Results: Subjects in both groups trended toward improved satisfaction with 
their current diabetes treatment at Week 20 compared to Week 0. Within 
each treatment group, the greatest improvements were observed for item #s 
1 (How satisfied with current treatment?), 2 (How often were blood sugars 
unacceptably high recently?) and 8 (How satisfied to continue present treat-
ment?). Improvements were also noted for item #s 4 (How convenient is cur-
rent treatment?), 5 (How flexible is current treatment?), 6 (Satisfaction with 
understanding of diabetes) and 7 (How likely to recommend current treat-
ment?). There were no significant differences in improvements between treat-
ment groups. Subjects reported less satisfaction on Item #3 (How often were 
blood sugars unacceptably low recently?), where they indicated an increase 
at Week 20 as compared to Week 0. This was the case to a greater extent for 
those subjects in the FPG 3.9-5.0 mmol/l treatment group (p=0.025 for FPG 

3.9-5.0 mmol/l group vs. FPG 4.4-6.1 mmol/l group), even though the overall 
rates of hypoglycemia between the two groups were low and not statistically 
significantly different.
Conclusion: Compared to baseline, overall subject satisfaction was improved 
at end of study for 7 of the 8 DTSQ questions despite subjects beginning insu-
lin therapy, and being asked to aggressively self-titrate their insulin doses. The 
exception (incidence of low blood sugar) is not surprising given the extent of 
improved glycemic achieved. Indeed, from a baseline HbA1c of > 7.9 %, > 
50% of patients achieved the ADA-recommended HbA1c target of < 7% with 
mean HbA1c of 6.9% at the end of the study. These results, in formerly insu-
lin-naïve subjects, highlight the importance of patient empowerment and ed-
ucation to enhance achievement of glycemic goals and patient satisfaction.
Supported by: Novo Nordisk

970
Comparing insulin glargine (GLAR) with insulin detemir (DET) - effects 
on HbA1c on weight change and insulin dose in patients with type 2 
diabetes
G. Dailey1, K. Admane2, F. Mercier3, D. Owens4; 
1Department of Diabetes and Endocrinology, Scripps Clinic Torrey Pines, 
La Jolla, United States, 2sanofi-aventis, Paris, France, 3Stat Process, Port 
Mort, France, 4Diabetes Research Unit, Cardiff University, Penarth, United 
Kingdom.

Background and aims: Basal insulin therapy offers additional improvements 
in HbA1c for patients with type 2 diabetes (T2D) who have inadequate glycae-
mic control on oral therapy. Selective comparisons of clinical trials indicate 
that DET is associated with less weight gain vs GLAR.
Materials and methods: We did a meta-analysis of GLAR and DET rand-
omized controlled trials. Studies with a duration of ≥4 wks in insulin-naïve 
patients starting basal GLAR/DET were included, regardless of compara-
tors. We used a weighted average method to combine the study results and 
a random effect model to take into account effects in the studies that may 
differ. Outcomes were weight, HbA1c change and the weight/HbA1c ratio, in 
addition to insulin dose and insulin dose/HbA1c ratio. GLAR was taken qd 
in 20 studies included in this analysis; DET (four studies) was taken qd or 
bid. 50% of patients were taking DET bid or required therapy intensification. 
For studies where SDs were not reported, maximum SDs from other studies 
were used. Estimates were determined using a PROC NLMIXED (SAS v9.2) 
bivariate model. Two models were developed: one without covariates and one 
with baseline covariates (baseline values of HbA1c, BMI and insulin dose).
Results: In the unadjusted model (Table), HbA1c change was similar for 
GLAR and DET (-1.4 vs -1.4%), as was weight gain (2.3 vs 1.7 kg) and weight/
HbA1c (1.7 vs 1.2 kg/%) (p=NS for all variables). However, patients required 
a significantly higher DET vs GLAR dose in order to achieve the same HbA1c 
(Table).
Conclusion: This analysis reveals that the weight/HbA1c ratio for GLAR is 
similar to that of DET. DET-treated patients in this analysis required a higher 
insulin dose than GLAR-treated patients to achieve the same HbA1c. Caution 
should be taken when interpreting these results, as direct comparison is lim-
ited owing to the small number of DET studies.

Table

GLAR
(n=4295)

DET
(n=1086)

p value

Estimate 
(SE)

95% CI Estimate 
(SE)

95% CI

HbA1c and weight (unadjusted)
HbA1c, % -1.4 (0.1) -1.6, -1.2 -1.4 (0.2) -1.9, -1.0 NS
Weight, kg 2.3 (0.2) 1.9, 2.8 1.7 (0.4) 0.5, 2.8 NS
Weight/HbA1c, kg/% 1.7 (0.2) 1.4, 2.1 1.2 (0.3) 0.2, 2.1 NS
HbA1c and final insulin dose (unadjusted)
HbA1c, % -1.4 (0.1) -1.6, -1.2 -1.4 (0.1) -1.9, -1.0 NS
Insulin dose 36.6 (2.8) 30.8, 42.4 51.5 (6.1) 32.1, 71.4 0.013
Insulin dose/HbA1c 26.7 (1.5) 23.6, 30.0 36.1 (4.3) 22.5, 49.6 0.018

Supported by: sanofi-aventis
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971
Safety and efficacy of insulin glargine compared with NPH insulin in 
older adults with type 2 diabetes mellitus
P.G. Lee1, A.M. Chang1, C. Blaum1, A. Vlajnic2, M.F. Miller3, J.B. Halter1; 
1University of Michigan, Ann Arbor, 2sanofi-aventis, Bridgewater, 3Glucose 
Harmonics, LLC, Langhorne, United States.

Background and aims: Hypoglycemia is a deterrent to the use of insulin in 
older people with type 2 diabetes mellitus (T2DM). In randomized controlled 
trials (RCTs), adding insulin glargine to T2DM patients poorly controlled on 
oral hypoglycemic drugs (OHDs) has been similarly effective as adding NPH 
insulin at controlling hyperglycemia and has caused less hypoglycemia. We 
hypothesized that glargine is similarly effective as NPH but safer when treat-
ing T2DM in older adults.
Materials and methods: We compared the safety and efficacy of adding 
glargine or NPH to treatment for older adults already on OHDs. The first pa-
tient-level analysis was conducted by combining 4 international, multisite RCTs 
with similar patient selection criteria (ie, age, body mass index [BMI], baseline 
HbA1c) and treat-to-target study designs. We compared HbA1c reduction and 
hypoglycemic events at the end of 24 wk in patients ≤65 y (glargine [n=831] vs 
NPH [n=859]) vs >65 y (glargine [n=215] vs NPH [n=236]). Hypoglycemia 
was defined by symptoms confirmed with self-monitored blood glucose <70 
mg/dL. Combined data were analyzed using fixed- and random-effects models 
and controlled for age, treatment, study, and baseline HbA1c and BMI.
Results: The older patients had lower BMI (P<0.01). Both insulins achieved 
similar reductions in HbA1c levels in the younger patients, but the older pa-
tients on glargine had significantly greater HbA1c reductions (Table). Daytime 
hypoglycemic events and insulin therapies were similar in both age groups, 
whereas the rate of nocturnal hypoglycemic events was less in glargine-treat-
ed patients, including those aged >65 y (P<0.01).
Conclusion: These data suggest that when compared with NPH, adding 
glargine to OHDs in older adults with poorly controlled T2DM was better at 
lowering HbA1c and was safer. Glargine may be a preferred therapeutic choice 
for older adults with T2DM.

Editorial support provided through the sanofi-aventis US Group

972
Long-acting insulin analogue therapy initiation and follow-up by 
healthcare practitioners in patients with type 2 diabetes mellitus 
uncontrolled with oral antidiabetic drugs: the LIGHT Study
B. Vergès1, J.-M. Brun1, C. Tawil2, B. Alexandre3, V. Kerlan4; 
1Service d’Endocrinologie, Hôpital du Bocage, Centre Hospitalier 
Universitaire de Dijon, 2Pereire Boulevard, Paris, 3Medical Affairs, 
Novo Nordisk Pharmaceutique, Paris La Défense, 4Centre Hospitalier 
Universitaire La Cavale Blanche, Brest, France.

Background and aims: Diabetes mellitus has emerged as an important medi-
cal condition worldwide. As the disease progresses and oral antidiabetic drug 

(OAD) treatment fails, patients generally require insulin. Several clinical 
studies have been conducted in patients with type 2 diabetes (T2DM) inves-
tigating long-acting insulin analogues (IA). However, few large observational 
studies have been published to describe IA initiation in real-life conditions.
Materials and methods: The LIGHT observational study conducted in 
France in 2007/2008 involved 491 French general practitioners and 270 dia-
betologists. It described IA initiation (insulin detemir and glargine) in com-
bination with OADs (T0) and at 3-month follow-up (T3) in patients aged ≥40 
years old and with poor glycaemic control on OADs alone. Each investigator 
included the first two patients who conformed to inclusion criteria.
Results: 2541 patients with T2DM (mean age: 64 years; male: 56%; BMI: 
29.8 ± 5.2 kg/m²) were included. At T0, 12.6% were treated by monotherapy 
(44% metformin [Met], 36% sulphonylurea [SU], 15% glinides, 3% glitazones 
[TZD] and 2% α-glucosidase inhibitors [αGI]), 59.7% by bitherapy (67% Met 
+ SU, 8% Met + TZD and 11% Met + glinides) and 27.7% by tritherapy (45% 
Met + SU + TZD, 31 % Met + SU + αGI). OAD use was ongoing for 9.0 ± 
5.5 years; 48% of patients were diagnosed with diabetes more than 10 years 
ago and 17% less than 5 years ago. HbA1c at baseline was different in patients 
with mono (8.9%), bi (8.8%) or tritherapy (9.0%)***, but was not dependent 
on the OAD or OAD combination prescribed. For 95% of patients at least 
one OAD was continued at IA initiation; in 96% the IA was prescribed alone; 
in 4% along with another insulin. The insulin analogue dose and the glycae-
mic parameters are described in Table 1. At T3, 92.3% of the 1863 patients 
included were taking IA alone, 4.4% in combination with another insulin. 
IA was prescribed once a day in 95.5% of patients. A 0.5 kg weight decrease 
was obtained in the insulin detemir group (p<0.0001 vs. baseline), which was 
statistically higher in patients with highest BMI at baseline (p<0.0001, up to 
1.5 kg weight loss when BMI ≥35 kg/m²).
Conclusion: This study shows that 3-month treatment with IA in insulin-
naïve patients with T2DM on OADs resulted in a significant improvement 
of glycaemic parameters (HbA1c and fasting plasma glucose). This improve-
ment and the IA doses were of the same magnitude for insulin detemir and 
insulin glargine, and were both associated with a slight increase in the inci-
dence of hypoglycaemia. In addition, insulin detemir showed a 0.5 kg weight 
decrease.
***p<0.05
Table 1

n: patients still receiving analog 
at T3
.

All patients
n=1802

Detemir insulin
n=1423

Glargine insulin
n=368

HbA1c (%) T0 8.82 ± 1.21 8.79 ± 1.19 8.86 ± 1.25
HbA1c (%) ΔT0/T3 -1.296(*) -1.278(*) -1.322(*)
HbA1c <7% (n(%)) T3 488 (26%) 394 (28%) 92 (25%)
Fasting plasma  
glucose (g/L)

ΔT0/T3 -0.55(*) -0.55(*) -0.51(*)

Insulin dosage (UI/ 
kg/day)

T3 0.30 ± 0.17 0.30 ± 0.17 0.31 ± 0.17

Hypoglycaemia 
(n(%))

T0 -
At least one 
episode 
6 months 
before T0

247 (14%) 208 (14.8%) 33 (9%)

Hypoglycaemia 
(n(%))

T3 -
At least one 
episode 4 
weeks before 
T3

273 (14.7) (NS) 207 (14.7%)(NS) 56 (16%)(**)

Incidence of hypo-
glycaemia (event/pt/
month)

T0 0.1 ± 0.9 0.1 ± 0.5 0.1 ± 1.6

Incidence of hypo-
glycaemia (event/pt/
month)

T3 0.4 ± 1.2 (*) 0.3 ± 1.1 (***) 0.4 ± 1.4 (*)

*p<0.0001, **p<0.005, ***p<0.05. All the statistical comparisons were performed from 
baseline.
Supported by: Novo Nordisk
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Improved symptom distress and wellbeing following initiation of insulin 
glargine in suboptimally controlled type 2 diabetes patients on oral 
agents. An observational study
T.R.S. Hajos1, F. Pouwer2, R. de Grooth3, F. Holleman4, M. Diamant5,  
F.J. Snoek1; 
1Department of Medical Psychology, VU University Medical Centre, 
Amsterdam, 2Center of Research on Psychology in Somatic diseases 
(CoRPS), Tilburg, 3Sanofi-Aventis, Gouda, 4Academic Medical Center, 
Amsterdam, 5VU University Medical Centre, Amsterdam, Netherlands.

Background: Insulin initiation is often delayed in type 2 diabetes (T2DM) 
patients, resulting in suboptimal glycaemic control. Switching to insulin is 
likely to reduce hyperglycaemia, but little is known about the concomitant 
impact on Quality of Life. We prospectively studied the effects of starting 
once-daily insulin Glargine on patient-reported diabetes symptom distress 
and emotional well-being in a cohort of suboptimally controlled insulin-
naïve T2DM patients.
Materials and methods: Data were collected in an observational study with 
a pre-post design, in 363 Dutch primary care practices at baseline, 3 and 6 
month follow-up. Patients were included if they were switched from oral 
medication to once-daily insulin Glargine or insulin Glargine was added to 
their previous treatment (n=1063), due to poor metabolic control. Treatment 
was in accordance with the Dutch College of Family Physicians standard. 
Diabetes symptom distress was assessed using the Diabetes Symptom Check-
list revised (DSC-r) and emotional well-being with the WHO-5 Well-being 
Index (WHO-5). Patients who provided complete data on the DSC-r and 
WHO-5 for at least two measurement points, were included in the present 
analysis (N=652). At baseline mean±SD age was 63±11 years, time since di-
agnosis 6.9±5.7 years, 48.6% was female and 54.2% had a lower education. 
Mean±SD weight was 87±18 kg, 25% had ≥1 complication and 25.3% had 
≥1 co-morbidity.
Results: HbA1c decreased from 8.4±1.7 at baseline to 7.6±1.0 at 3 and 
7.3±1.0 at 6-month follow up (p<0.001). Diabetes symptom distress (DSC-r) 
total score significantly decreased from 0.56±0.55 (median: 0.38, 75th percen-
tile: 0.85) to 0.41±0.46 at 3 month and 0.36±0.45 (p<0.001) at 6 months fol-
low-up. Similarly, emotional well-being improved as indicated by an increase 
in the WHO-5 score from 58.3±25.0 at baseline to 65.5±21.3 and 68.0±21.2 
(p<0.001) respectively. The WHO-5 and DSC-r score were moderately cor-
related (Spearman’s rho = -0.633, p<0.001). Patients with initial satisfactory 
wellbeing (WHO-5≥50) reported relatively low symptom distress at base-
line (DSC-r 0.36±0.40, median 0.24, 75th percentile 0.47), yet their DSC-r 
score improved significantly during the follow-up period (-0.12±0.32, me-
dian -0.06, 75th percentile 0.03, p<0.001). While negative affect is known to 
be associated with higher symptom reporting, patients with WHO-5 scores 
indicative of depression (<28) showed the greatest improvement on the DSC-
r, with a decrease of 0.41±0.55 (median -0.38, 75th percentile -0.01) points 
over the 6-month period (p<0.001). Overall, the greatest symptom distress 
reductions were observed on the subdomains ‘Hyperglycaemia’ and ‘Fatigue’ 
of the DSC-r, which decreased from 0.79±0.92 to 0.41±0.66 (p<0.001) and 
from 1.12±1.11 to 0.66±0.84 (p<0.001) respectively.
Conclusion: Improving glycaemic outcomes by means of once-daily insu-
lin Glargine in suboptimally controlled T2DM patients results in a sustained 
reduction of diabetes symptom distress and subsequent improvements in 
emotional well-being, particularly in those previously reporting depressive 
affect.
Supported by: sanofi-aventis
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Network approach to type 1 diabetes: association patterns between 
diabetic complications and metabolic, clinical and life style risk factors 
in a set of 4197 patients
V.-P. Mäkinen1, C. Forsblom1, L.M. Thorn1, J. Wadén1, K. Kaski2,  
M. Ala-Korpela3, P.-H. Groop1, The FinnDiane Study Group; 
1Folkhälsan Research Center, Folkhälsan Institute of Genetics, Helsinki, 
2Department of Biomedical Engineering and Computational Science, 
Helsinki University of Technology, Espoo, 3Department of Internal 
Medicine and Biocenter Oulu, University of Oulu, Finland.

Background and aims: Diabetic complications are influenced by numerous 
genetic and environmental factors. Accurate knowledge of the complex inter-
dependencies between these factors is critical for pinpointing the best targets 
for research and treatment. Therefore, the aim of this study was to describe 
the association patterns between clinical and biochemical features of type 1 
diabetes (T1DM) complications.
Materials and methods: Baseline clinical data on 4,197 patients with T1DM 
were collected at the 92 FinnDiane Study Centers in Finland. The study visit 
included a clinical examination, registering of complications, and question-
naires on education, smoking, alcohol consumption, working status (disa-
bled vs. employed/unemployed), asthma, rheumatoid arthritis and thyroid 
disease. Blood and 24h urine samples were also collected. The mean age and 
T1DM duration were 38 and 22 years, respectively and 52% were male. A 
total of 875 patients (21%) had nephropathy (AER > 300 mg/24h or end-stage 
renal disease) at the time of study. Vitality status was obtained prospectively 
from the national population registry after an average of 6.5 years of follow up 
(25,714 patient years). The dataset comprised 28 clinical and 25 biochemical 
variables that were regarded as the nodes of a network; the associations be-
tween the variables were quantified by pair-wise correlation coefficients (con-
tinuous data only) or by linear regression modeling (continuous and binary 
data combined). The resulting structures were visualized by a force-directed 
node-positioning algorithm.
Results: Heavily connected cliques of dependent variables such as HDL-re-
lated lipid markers, indicators of kidney failure and indices of body mass were 
observed. The links between the cliques showed biologically relevant interac-
tions: an inverse relationship between HDL cholesterol and the triglyceride 
clique (P < 10-16), a connection between triglycerides and body mass via 
C-reactive protein (P < 10-16) and estimated IDL cholesterol as the connec-
tor between lipoprotein metabolism and macroalbuminuria (P < 10-16). The 
regression-correlation network showed strong associations between blood 
pressure, working ability and complications.
Conclusion: There was modularity in the dataset and several biologically rel-
evant connections were visible, which supported the use of networks in clini-
cal data analysis. In particular, accelerated vascular aging was seen in blood 
pressure correlations and IDL emerged as a putative lipoprotein covariate in 
the pathogenesis of diabetic nephropathy.
Supported by: Folkhälsan Research Foundation, Finnish Cultural Foundation, 
Wilhelm and Else Stockmann Foundation

975
TSH receptor autoantibodies in patients with type 1 diabetes mellitus
D. Witkowski1, E. Piontek2, E. Moszczyńska1, R. Janas3; 
1Dept. of Metabolic Diseases, Endocrinology and Diabetology, 2Out-door 
Diabetological Clinic, 3Department of Radioimmunology, The Children’s 
Memorial Health Insitute, Warsaw, Poland.

Background and aims: Autoimmune thyroid disease (AITD) is the most 
prevalent autoimmune disorder associated with type 1 diabetes (T1D). It is 
known that AITD may be presented as hypothyroidism, subclinical dysfunc-
tion of the thyroid gland, euthyroid state with positive antithyroid auto anti-
bodies or rarely hyperthyroidism i.e. Graves’ disease. The course of autoim-
munological diseases, including AITD, is mostly clinically silent therefore 
autoimmunological markers of AITD should be seeked to discover patients 
at risk, predict and monitor AITD. The third thyroid autoantigen - besides 
TPO and TG - is the TSH receptor. The purpose of the study was to determine 
TSH receptor autoatibodies (TSHR Ab) levels in the group of type 1 diabetic 
pediatric patients with or without thyroid dysfunction.
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Materials and methods: In the group of 84 children and adolescents with 
T1D, age 2 - 18 yr (mean age: 11,3 ± 4,47), girls (58,3%), with T1D dura-
tion from 1 up to 11 yr. (mean T1D duration: 2,89 ± 2,35) anti TSH recep-
tor autoantibodies (TSHR Ab), thyroid peroxidase antibodies (TPO Ab) and 
thyroblobulin antibodies (TG Ab) levels were measured in serum. TSHR Ab 
> 14 U/l, TPO Ab > 50 U/mL, TG Ab > 70 U/mL were considered positi-
ve. Radioreceptor assay (RRA) for quantitative determination of TSHR Ab 
was performed. TPO Ab and TG Ab levels were measured by ELISA. In all 
children clinical, hormonal examination and thyroid ultrasound, if necessary, 
were performed to establish thyroid function.
Results: None of 84 children had TSHR Ab. (+) TPO Ab, (+) TG Ab or both 
(+) TPO Ab and TG Ab determination were present in 24 of 84 patients 
(28,6%). Girls ( 77,8%) had more frequently raised antibodies than boys. (+) 
TPO Ab were present in 13 children (15,5%) - in 2 of them subclinical hypo-
thyroidism was recognised and 1 patient was treated with L-thyroxine due to 
hypothyroidism. (+) TG Ab were present in 11 children (13,1%) - in 2 of 11 
subclinical hypothyroidism was recognised, only 6 patients (7,2%) were posi-
tive for both TPO Ab and TG Ab - in 2 of 6 children subclinical hypothyroi-
dism was determined. Subclinical hypothyroidism is recognised in 4 children 
with (-) TPO Ab and TG Ab levels. The hyperthyroidism was determined in 
1 patient with (+) TPO Ab.
Conclusion: 1) TSH R Ab-based screening is not probably useful at the be-
ginning of autoimmune thyroid disease in type 1 diabetic patients 2) further 
studies should be conducted to study the benefits of TSHR Ab determination 
particularly among those type 1 diabetic patients who have longer T1D du-
ration.

976
High prevalence of sleep apnoea syndrome in a type 1 diabetic adult 
population
P.-Y. Benhamou1, A.-L. Borel1, J.-P. Baguet2, I. Debaty1, P. Levy3,  
J.-M. Mallion2, J.-L. Pépin3; 
1Endocrinology, Pole digidune, University Hospital, 2Cardiology, University 
Hospital, 3Rehabilitation and Physiology, University Hospital, Grenoble, 
France.

Background: Sleep Apnoea Syndrome (SAS) is an established cardiovascular 
risk factor. Its occurrence is high among obese or type 2 diabetic patients. No 
studies have addressed the question of SAS prevalence in type 1 diabetes.
Objectives: To prospectively evaluate the prevalence of SAS among a type 
1 diabetic adult population, and whether SAS could be associated with any 
clinical characteristics in these patients.
Patients and methods: 40 type 1 diabetic patients were consecutively in-
cluded for a screening oximetric procedure seeking sleep breathing disor-
ders. According to the result of oximetry (normal, doubtful or abnormal), 
an overnight polysomnography was systematically proposed to subjects with 
doubtful or abnormal oximetry and randomly to 1/10 patients with normal 
oximetry.
Results: Among the 40 subjects (age 43 ± 13 years, Body Mass Index 24.7 ± 
3.0 kg/m2, disease duration 23 ± 14 years, HbA1c 7.8 ± 0.9%), forty percent 
of patients exhibited SAS proven by polysomnography (apnea+hypopnea in-
dex> 15/h). Age of subjects was positively correlated with variability of oxy-
gen saturation (higher variability reflecting repetitive occurrence of apneas) 
(R=0.61, p<0.001). In patients presenting with SAS, those suffering from 
macrovascular disease and retinopathy had lower nocturnal mean oxygen 
saturation. Mean SaO2 90.8 ± 2.9 vs. 94.4 ± 1.3% p=0.05 and 92.1 ± 2.4 vs. 94 
± 2.7% p=0.06 for patient with vs. without macrovascular disease and retin-
opathy respectively.
Conclusion: We demonstrated an unexpected high prevalence of SAS among 
type 1 diabetic patients. Sleep apnea was associated with age and the amount 
of oxygen desaturation with macrovascular angiopathy and retinopathy this 
suggestion SAS diagnosis as a key issue in type 1 diabetes.
Thanks to Agiradom for the logistic sustainement

977
Gastric emptying as prognostic factor for life expectancy in patients with 
type 1 diabetes
R.W. Lipp1, W.J. Schnedl2, G. Bock1, G. Köhler1, K. Horvath1, J.K. Mader1, 
T.R. Pieber1,3, J. Piswanger-Soelkner1; 
1Internal Medicine/Endocrinology and Nuclearmedicine, Medical 
University Graz, 2Internal Medicine, Medical University Graz, 3Institute of 
Medical Technologies and Health Management, Joanneum Research, Graz, 
Austria.

Background and aims: Diabetic gastropathy is with an incidence of up to 
58% an underestimated complication in patients with type 1 diabetes. To our 
knowledge only one existing study assessed the prognostic factor of gastric 
emptying disorders in diabetes. The aim of the present study was to investi-
gate the influence of gastric emptying disorder on life expectancy in patients 
with type 1 diabetes and a long diabetes duration.
Materials and methods: 50 patients with long-standing diabetes type 1 were 
examined by gastric emptying scintigraphy. Following ingestion of a stand-
ardized semisolid test meal labeled with 37 MBq Tc-99m bound to 0.5 grams 
Dowex 2X8, gastric emptying was continuously recorded in supine posi-
tion for a duration of 90 minutes with a dual-head gamma camera. After 30 
minutes of postprandial walking, recording was resumed for additional 20 
minutes. Subjects were followed up with a mean duration of 94±30 months. 
We assessed and analyzed gastric emptying rates in relation to HbA1c, dia-
betes duration, diabetic neuropathy and diabetic nephropathy. Kaplan Meier 
analysis and student’s t-test were used if applicable.
Results: At baseline 29 patients (58%) had normal gastric emptying rates, 
21 (42%) presented with gastric emptying disorders (accelerated in 4 sub-
jects, delayed gastric emptying in 17 subjects). Between these groups diabetes 
duration and diabetic peripheral neuropathy was not statistical significant. 
HbA1c was comparable (8.9 ±1.4% vs. 8.3±0.8%). At time of follow up 12 
patients have deceased (50% with normal gastric emptying, 25% with acceler-
ated and 25% with delayed gastric emptying at baseline). 38 patients were still 
alive, of whom 60% showed a normal gastric emptying and 40% had a gastric 
emptying disorder (14 patients with delayed and 1 patient with accelerated 
gastric emptying rates).
Conclusion: Our data imply that patients with type 1 diabetes and acceler-
ated gastric emptying have a decreased survival in comparison with patients 
with delayed gastric empting, suggesting accelerated gastric empting has a 
negative prognostic impact on survival.

978
The influence of gastric emptying patterns on blood glucose in type 1 
diabetes
J. Piswanger-Soelkner1, W.J. Schnedl2, G. Bock1, G. Köhler1, K. Horvath1, 
J.K. Mader1, T.R. Pieber1,3, R.W. Lipp1; 
1Internal Medicine/Endocrinology and Nuclearmedicine, Medical 
University Graz, 2Internal Medicine, Medical University Graz, 3Institute of 
Medical Technologies and Health Management, Joanneum Research, Graz, 
Austria.

Background and aims: Diabetic gastropathy is a common complication of 
long-standing diabetes. Few studies describe the influence of gastric empty-
ing disorders on blood glucose levels.
What is the influence of gastric emptying patterns on blood glucose levels in 
long-standing type I diabetes mellitus? We investigated the correlation be-
tween gastric emptying patterns and blood glucose in 26 patients with long-
standing type I diabetes.
Materials and methods: We invited 26 patients with long-standing type I 
diabetes (mean diabetes duration: 32 ± 10 years, mean age: 50 ± 13years) for 
gastric scintigraphy to evaluate gastric emptying rates. After ingestion of a 
standardized semisolid test meal (mashed potatoes, 21 g carbohydrates) la-
belled with Tc-99m, gastric emptying was continuously recorded in supine 
position during 90 min with a dual-head gamma camera. After 30 min of 
postprandial walking, recording was resumed for 20 min. Individual gastric 
emptying rates of the patients with diabetes were compared with the empty-
ing rates of 25 healthy controls. Blood samples for glucose-assessment were 
performed before ingestion of the testmeal and continuously every 15 min-
utes during the investigation.
Results: In 13 patients the emptying rates (mean ± SD %) were normal 
(56±18 % vs. 31±13 % in controls), accelerated in 8 pts (24±11 % vs. 50±10 
%) and delayed in 5 pts (74± 7 % vs. 31±13 %). The duration of diabetes was 
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similar between the groups (31 ± 11 vs. 32 ± 10 vs. 30 ± 7 years). At baseline 
glucose values were similar between the groups but at time point 90 minutes 
the blood glucose was significant different. Patients with normal gastric emp-
tying rates showed a slow and smaller increase of glucose; the blood glucose 
profiles of patients with accelerated gastric emptying had an initial increase 
with higher values but after 90 minutes a decrease of glucose. Patients with 
delayed gastric emptying showed a continuous increase and the peak glucose 
values 150 minutes after ingestion of the testmeal (table with blood glucose 
values).
Conclusion: The different gastric emptying patterns influence the postpran-
dial blood glucose profiles. The changed emptying rates due to diabetic gas-
tropathy modify meal appearance of glucose. Our results should be taken in 
account in the management of type 1 diabetes in order to optimise prandial 
insulin replacement.

Emptying patterns Glc (mg/dl)
0 min

30 min 60 min 90 120 min 150 min

Normal 205 231 254 266 257 286
Accelerated 225 255 299 315 289 267
Delayed 206 258 275 290 326 363

979
Reproducibility of the glucose response to moderate intensity exercise in 
people with type 1 diabetes exercise
G. Aitken1, J. Charlton1,2, R. Davison1, G. Hill1, L. Kilbride1, J. McKnight2; 
1School of Nursing, Edinburgh Napier University, 2Western General 
Hospital, NHS Lothian, Edinburgh, United Kingdom.

Background and aims: For people with type I diabetes achieving optimal 
blood glucose levels whilst exercising can be challenging; erratic blood glu-
cose levels including hypoglycaemia can be problematic and a deterrent to 
participation in exercise. Prior to developing intervention strategies to im-
prove blood glucose control during exercise it is vital to assess the typical 
variation of blood glucose during this period. Therefore the aim of the study 
was to determine the reproducibility of the blood glucose response to four 
repeated sessions of forty minutes of moderate intensity exercise in people 
with type I diabetes, and thus establish the typical variation of blood glucose 
in this experimental design.
Materials and methods: From a target population of 113 individuals, 14 par-
ticipated in this quasi experimental study. Pre experiment, a sub maximal 
incremental walking treadmill test was used to determine 50%VO2max for 
each participant. All participants were currently using a basal bolus insulin 
regimen and were experienced in adjusting insulin dose and carbohydrate 
counting. All participants were habitual exercisers. The participants under-
took the experiment over 2 consecutive weeks. On days 1 and 3 of each week 
the subjects undertook a 40 minute bout of exercise at 50% VO2max. In week 
1 participant’s self-managed their diabetes. In week 2 they used an exercise 
self management protocol devised by the research team to adjust insulin dose 
and carbohydrate intake, targeted to blood glucose levels. In each week from 
day 1 - 4 the blood glucose levels were recorded using a continuous blood 
glucose monitor at 5 minute intervals. The participant’s heart rate was also 
monitored. To assess reproducibility all blood glucose data during the 40 
minute exercise period were paired and analysed to assess the difference in 
mean values, standard error of measurement (SEM) and co-efficient of vari-
ation (CV%).
Results: Mean demographics of the participants at baseline were: 38 years of 
age, BMI 25 kg/m² and HbA1c 7.5%. There was a significant (p= 0.0003) dif-
ference (95%CI, 0.77 to 2.6 mmol·l-1) between blood glucose levels between 
days 1 + 2 (7.2±2.4 vs. 8.8±3.8 mmol·l-1), and a significant (p=0.04) differ-
ence (95%CI, 0.03 to 1.6 mmol·l-1) between days 3 + 4 (10.7±2.6 vs. 9.8±4.2 
mmol·l-1). In terms of reproducibility the SEM between days one and two 
was 2.4 mmol·l-1 (CV= 33.2%), and between days 3 and 4 the SEM was 2.7 
mmol·l-1 (CV= 33.7%).
Conclusion: This study has demonstrated a relatively large co-efficient of 
variation and thus poor reproducibility. However the magnitude of the CV% 
is comparable with other published literature which has examined the decline 
in blood glucose as a result of a bout of moderate exercise. This finding has 
implications for intervention studies attempting to alter the blood glucose 
response during exercise in people with type I diabetes.
Supported by: LifeScan Inc.

980
A 6-month treatment with diazoxide at bedtime in newly diagnosed 
subjects with type 1 diabetes does not influence measured parameters of 
beta cell function, but improves glycaemic control
M. Radtke1, I. Nermoen2, M. Kollind3, S. Skeie4, J.I. Sørheim5, J. Svartberg6, 
V. Grill1; 
1Department of Cancer Research and Molecular Medicine, Faculty of 
Medicine, Norwegian University of Science and Technology, Trondheim, 
2Section of Endocrinology, Akershus University Hospital, Oslo, 3Department 
of Internal Medicine, Levanger Hospital, 4Dept. of endocrinology, Division 
of Internal Medicine, Stavanger University Hospital, 5Haukeland University 
Hospital, Norwegian University of Science and Technology, Bergen, 
6Research Unit, Tromsø University Hospital, Norway.

Background and aims: Continuous beta cell rest with K-ATP channel open-
ers, such as diazoxide, is shown to have long term beneficial effects on re-
sidual insulin secretion in type
1 diabetes. However, disturbing side effects have hampered the possibility for 
implementation in clinical use. In a double blind study we tested whether 
lower and intermittent dosing of diazoxide could produce beneficial effects in 
the absence of side effects.
Materials and methods: Thirty-eight subjects (11 female and 27 male aged 
18- 40 years, BMI 24±4 kg/m2), with newly diagnosed type 1 diabetes were 
randomized to 6 months of treatment with either placebo or diazoxide, 100 
mg at bedtime. Glucose, HbA1C and C-peptide (fasting and glucagon-stimu-
lated) were measured at baseline, during intervention and 3 and 6 months 
after intervention.
Results: Two subjects in the diazoxide, and one in the placebo group were 
excluded due to perceived side effects (rash, dizziness, sleep disturbance re-
spectively). Other adverse effects were absent. During intervention there was 
no negative influence by diazoxide on insulin dosage. The insulin dose in the 
diazoxide treated group was at base-line 33 ± 20 U/24h and the increment 
during intervention 1 ±11 U. In the placebo group the insulin dose at baseline 
was 34 ±.30 U, with a decrement during intervention at 2 ± 37 U (difference 
between groups non-significant). Diazoxide treatment led to improved glyc-
emic control following the intervention period. Thus, there was a significant 
reduction in HbA1c with a decrement of -2.16 after 3, and -2.19 % 6 months 
after the end of intervention. In contrast, in the placebo group, there was no 
clear improvement of glycemic control (HbA1c decrement of -0.40 and -0.71 
% respectively). The differences between groups were significant, p = 0.046 
at 3 months, p= 0.039 at 6 months after intervention. Fasting and stimulated 
C-peptide decreased markedly during and after the study in both arms of the 
study. There was no indication of improved beta cell function after treatment 
with diazoxide 3 and 6 months after intervention. At these time-points the 
ratio between fasting C-peptide and fasting glucose was reduced by 24 and 
40 % respectively from baseline after treatment with diazoxide, compared to 
17 and 31 % after placebo. Following glucagon stimulation, the decrement of 
C-peptide/glucose ratio was 16 and 33 % in the diazoxide group, and 10 and 
27% in the placebo treated group. Differences between the groups were not 
significant.
Conclusion: Intermittent beta cell rest with diazoxide in newly diagnosed 
type 1 diabetes is well tolerated but does not improve measured parameters 
of beta cell function. Improvement of other aspects of the beta cell function 
could possibly explain the diazoxide-associated improvement of metabolic 
control.
Supported by: Central Norway Regional Health Authority; Norwegian Univer-
sity of Science and Technology; Norwegian Diabetes Association
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Effectiveness of a day without carbohydrates
S. Murillo; 
CIBERDEM Centro de Investigación Biomédica en Red de Diabetes y 
Enfermedades Metabólicas Asociadas, Hospital Clínic de Barcelona, Spain.

Background and aims: Nowadays, multiple insulin doses (MID) is one of 
the most common insulin treatment used in type-1 diabetes. This insulin 
therapy combines long-acting insulin, as basal insulin, with short-acting 
insulin, depending on the amount of carbohydrates included in each meal. 
However, doses of long-acting insulin are established in relation to patient 
body weight but there aren’t others methods to individualize these insulin 
requirements. To evaluate if a day without carbohydrates (DWC) could be 
an effective method to evaluate long-acting insulin needs in patients with 
type-1 diabetes.
Materials and methods: We have included 24 individuals with type-1 DM, 
older than 18 years, with poor glycaemic control (HbA1c >7.5%) and treat-
ed with MID, using glargine as long-acting insulin. During a day, patients 
maintain long-acting insulin injection but they had to eliminate short-acting 
insulin and couldn’t eat carbohydrates in their diet. Moreover, in this day, 
patients had to do glycaemic controls before and 2-hours after every meal 
and, depends of the result obtained, add short-acting insulin or eat glucose 
supplements if glycaemic values were >130mg/dl or <70mg/dl respectively. 
To improve the knowledge of glycaemic fluctuations during this day we had 
monitorized glycaemic values using a Continuous Glucose Monitorized Sen-
sor (CGMS) of Medtronic Minimed during a 4-days period, including the 
DWC. We considered a long-acting insulin dose as no correct if, during this 
day, patient had to add short-acting insulin to correct hyperglycaemia or eat 
carbohydrates to treat hypoglycaemia. In this case, patient should repeat the 
DWC with a new long-insulin dose, calculated depending on the quantity of 
insulin added or carbohydrates consumed during the first DWC. We collect 
data about HbA1c, weight, BMI, and short and long-acting insulin doses, 
frequency of hypoglycaemia, physical activity and carbohydrates intake in 
their usual days, before and 4-months after the DWC. Results obtained were 
compared with a control group of type-1 DM patients that undergo the same 
protocol without the DWC (N=21).
Results: Four months after the DWC, HbA1c levels of the DWC group had 
decreased from 8.1±0.9 to 7.5±0.7 (p<0.05) compared to the control group 
(from 8.1±0.6 to 8.0±0.7, p=ns). Moreover, patients had increased usual 
doses of long-acting insulin from 24.7±8.0 to 27.2±10.5 units/day (p<0.05) 
compared to the control group (from 26.8±5.6 to 26.4±6.5 units/day, p=ns) 
and had reduced usual doses of short-acting insulin from 20.9±6.9 to 
19.3±8.2 units/day (p=ns) compared to the control group (from 23.2±10.3 to 
23.1±7.8 units/day, p=ns). The frequency of mild hypoglycaemia before and 
four-months after the DWC was similar in the DWC group (from 0.9±1.1 to 
0.8±0.9 episodes-patient/week, p=ns) and in the control group (from 1.3±1.5 
to 1.2±1.1 episodes-patient/week, p=ns). We didn’t found episodes of severe 
hypoglycaemia or presence of ketonuria.
Conclusion: A day without carbohydrates method is an effective tool to 
evaluate long-acting insulin needs in patients with type-1 diabetes. With this 
method we have got an improvement in glycated hemoglobin without in-
crease the frequency of hypoglycemic episodes.
Supported by: Grant for the Research in Diabetes Education, ACD 2007

982
Comparative efficacy and safety of technosphere insulin and a rapid-
acting analogue both given with glargine in subjects with type 1 diabetes 
mellitus in a 52-week study
P. Kapsner1, R. Bergenstal2, M. Rendell3, C. Howard4, A. Boss4, P.-C. Chang4, 
P. Richardson4; 
1University of New Mexico HSC, Albuquerque, 2International Diabetes 
Center, Minneapolis, 3Creighton Diabetes Center, Omaha, 4MannKind 
Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting inhaled 
insulin with pharmacokinetics well suited for control of postprandial plasma 
glucose (PPG). This study compared the efficacy and safety of TI and a rapid-

acting analog (RAA) both given at meals with insulin glargine, a long-acting 
analog (LAA).
Materials and methods: Subjects with type 1 diabetes mellitus and HbA1c 
>7.0% and ≤11.0% were randomized to a 52-week course of basal LAA plus 
prandial TI (n=301) or prandial RAA (n=288). Prespecified efficacy end-
points included change in HbA1c, 1-h PPG, 2-h PPG, and fasting plasma glu-
cose (FPG) following a standard meal challenge. Adverse events were moni-
tored to compare safety profiles.
Results: At the end of the 52-week treatment period, both groups experi-
enced comparable reductions in HbA1c, and there were no significant dif-
ferences in LAA doses between treatment groups. FPG levels and 1-h PPG 
values were significantly lower with TI than with RAA, and 2-h PPG levels 
were similar between both groups. The TI group had weight loss, whereas the 
RAA group gained weight, with the difference statistically significant. Finally, 
the TI group had a statistically significant reduction in the incidence of mild/
moderate (odds ratio [OR]: 0.474; confidence interval [CI]: 0.0271, 0.831; 
p=0.0091) and total hypoglycemia (OR: 0.488; CI: 0.278, 0.856; p=0.0124).
Conclusion: Compared with RAA in subjects with type 1 diabetes mellitus, 
TI in combination with LAA resulted in comparable HbA1c reductions; more 
favorable 1-h PPG and FPG; significantly less weight gain; and significantly 
less risk of hypoglycemia.

Parameter TI+LAA RAA+LAA p Value, 95% CI, 
or OR

ΔHbA1c from baseline (%) -0.17 ± 1.09 -0.47 ± 0.91 CI 0.11, 0.38
ΔFPG from baseline 
(mmol/l)

-2.5 ± 5.8 -1.3 ± 5.7 p=0.0052

1-h PPG (mmol/l) 9.2 ± 4.3 11.2 ± 4.6 p=0.0203
ΔWeight from baseline (kg) -0.5 ± 4.1 +1.4 ± 3.9 p<0.0001
Total hypoglycemia (%) 86.01 92.65 OR 0.488; p=0.0124
Mild/moderate hypoglyc-
emia (%)

85.67 92.65 OR 0.474; p=0.0091

Severe hypoglycemia (%) 32.76 37.50 OR 0.812; p=0.2387
Incidence of hypoglycemia 
with blood glucose ≤2.7 
mmol/l (%)

76.11 83.82 OR 0.615; p=0.0232

Supported by: MannKind Corporation

983
Reduced incidence and frequency of hypoglycaemia in an integrated 
analysis of pooled data from clinical trials of subjects with type 1 
diabetes using prandial inhaled Technosphere insulin
C. Howard, H. Ren, A. Rossiter, A. Boss; 
MannKind Corporation, Valencia, United States.

Background and aims: Technosphere Insulin (TI) is a rapid-acting insulin 
with a pharmacokinetic profile well suited for earlier control of postpran-
dial plasma glucose (PPG). This integrated analysis includes the pooled data 
from three phase II/III clinical trials in subjects with type 1 diabetes mellitus 
inadequately controlled (HbA1c >7.0% and ≤11.0%) with standard insulin 
regimens.
Materials and methods: Subjects were randomized to one of three treat-
ment regimens to achieve predefined glycemic goals: TI (n=614) plus a basal 
insulin; s.c. insulin (n=599), which included insulin glargine plus aspart; or 
“usual care,” with insulin adjustments according to investigator discretion. A 
structured titration regimen was not enforced. When experiencing hypogly-
cemic-like symptoms, subjects were instructed to confirm the event with a 
blood glucose reading. Subjects experiencing a severe hypoglycemic episode 
were required to report the details of third-party assistance (if needed), the 
presence of neurologic symptoms, and the specifics of treatment.
Results: Mean baseline characteristics were similar for TI and s.c. insulin (age 
38.4, 38.5 years; disease time since diagnosis 16.5, 16.6 years; baseline HbA1c 
8.59%, 8.56%; BMI 26.12, 26.03 kg/m2). Subjects treated with TI experienced 
fewer hypoglycemic events with regard to both incidence and frequency com-
pared with subjects treated with other s.c. insulins. For incidence, fewer sub-
jects reported hypoglycemia with TI: 75.9% vs. 81.0% for total hypoglycemia; 
75.6% vs. 80.8% for mild/moderate hypoglycemia; and 24.3% vs. 27.5% for 
severe hypoglycemia, with the comparison p values substantially in favour of 
TI for total hypoglycemia and mild/moderate hypoglycemia. For frequency, 
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TI had a comparable (not statistically different) number of events, evaluated 
by event rate (number of events per 100 subject-months), with event rates 
for severe hypoglycemia lower for the TI group. When evaluated for those 
subjects with blood glucose values ≤2 mmol/l, TI also was comparable (not 
statistically different) to s.c. insulin treatment with a lower event rate.
Conclusion: TI, in combination with a basal insulin, consistently reduced the 
incidence of total and mild/moderate hypoglycemic events and had a lower 
frequency of severe hypoglycemic events under conditions of comparable 
glycemic control.

Hypoglycemia Incidence (%) Odds 
Ratio

Odds 
Ratio
p Value

Event Rate  
(per 100 subject-
months)

Event 
Rate  
p Value

TI + basal 
insulin

Com-
parator 
+ basal 
insulin

TI + basal 
insulin

Com-
parator 
+ basal 
insulin

Mild/moderate 75.6 80.8 0.743 0.0354 133.16 117.74 0.9097
Severe 24.3 27.5 0.826 0.1576 5.16 6.03 0.5901
Total 75.9 81.0 0.749 0.0413 138.60 124.06 0.9242

984
Better metabolic control, less hypoglycaemia and less weight gain with 
insulin detemir versus NPH insulin in intensive insulin therapy for 
patients with type 1 diabetes. A meta-analysis
A. Szypowska1, D. Golicki2, L. Groele1, E. Pańkowska1; 
1Department of Pediatrics, Medical University of Warsaw, 2Department of 
Pharmacoeconomics, Medical University of Warsaw, Poland.

Background and aims: Detemir insulin characterizes more stable acting 
profile compared to NPH insulin due to binding with albumins and slow 
dissociation. In comparison with NPH insulin, basal-bolus treatment with 
insulin detemir might provide better glycemic control with lower risk of hy-
poglycaemia. The aim of this study was to compare the effect of treatment 
with detemir insulin vs. NPH insulin on metabolic control, hypoglycaemic 
episodes and body weight gain in patients with type 1 diabetes mellitus.
Materials and methods: This analysis is based on studies carried out longer 
than 12 weeks, comparing basal-bolus regimen therapies using detemir insu-
lin vs NPH insulin in patients with type 1 diabetes mellitus. Two reviewers 
independently screened randomized controlled trials. Systematic overview 
included data from MEDLAINE, Cochrane Library and EMBASE until De-
cember 2008.
Results: This analysis included 7 studies. Meta-analysis of data of 3026 pa-
tients showed statistically significant reduction in HbA1c (WMD -0.10%, 
95%CI -0.16 to -0.03, p=0.005) and fasting plasma glucose (WMD -1.11 
mmol/L, 95%CI -1.60 to -0.52, p<0.001) in the detemir group compared with 
the NPH group. Meta-analysis of records obtained from 2667 subjects (5 
studies) confirmed statistically significant reduction in all day hypoglycaemic 
episodes (RR 0.98, 95%CI 0.96 to 0.99, p=0.032) and nocturnal hypoglycae-
mia (RR 0.91, 95%CI 0.86 to 0.95, p<0.001) in patients using detemir insulin. 
Analysis of data of 3067 patients pointed out to 34% less frequent severe hy-
poglycemia (RR 0.66, 95%CI 0.54 to 0.81, p<0.001) and results of 5 studies 
(n=2306) showed smaller body mass gain (WMD -0.76 kg, 95%CI -0.99 to 
-0.53, p<0.001) in the detemir group.
Conclusion: In comparison with NPH insulin, basal-bolus treatment with 
insulin detemir resulted in a significantly better glycemic control expressed 
as reduction in glycated hemoglobin and fasting plasma glucose. The treat-
ment with detemir insulin was superior to NPH insulin in reducing the risk 
of all day, nocturnal and severe hypoglycaemia, with added benefits of less 
weight gain.

985
Comparison of insulin detemir and NPH insulin in children and 
adolescents with type 1 diabetes mellitus aged 2-16 years: a 52-week 
randomised clinical trial
N. Thalange1, A. Bereket2, J. Larsen3, L. Conradsen Hiort4, V. Peterkova5; 
1Jenny Lind Children’s Department, Norfolk & Norwich University Hospital, 
Norwich, United Kingdom, 2Division of Paediatric Endocrinology and 
Diabetes, Marmara University School of Medicine, Istanbul, Turkey, 3Insulin 
Medical & Science, Novo Nordisk, Bagsvaerd, Denmark, 4Biostatistics, Novo 
Nordisk, Bagsvaerd, Denmark, 5Endocrinological Research Centre, Institute 
of Paediatric Endocrinology, Moscow, Russian Federation.

Background and aims: This randomised, multinational, open-labelled, paral-
lel-group trial compared 52 weeks of treatment with insulin detemir (IDet) and 
NPH insulin (NPH) in subjects aged 2-16 years with type 1 diabetes (T1DM). 
This trial was the longest and largest insulin trial ever performed in this age 
group and 82 (23.6%) of the individuals included were less than 6 years.
Materials and methods: The study investigated the efficacy and safety of IDet 
vs. NPH used in a basal-bolus multiple daily insulin injection regimen. Of the 
347 randomised and exposed subjects (baseline characteristics: mean (SD) 
age: 9.9 (3.99) yrs, males: 51.9%, diabetes duration: 3.69 (2.58) yrs, HbA1c: 8.4 
(1.1)%, fasting plasma glucose (FPG): 8.52 (4.48) mmol/L), 177 received IDet 
and 170 received NPH, both administered once or twice daily in combination 
with mealtime insulin aspart (IAsp).
Results: After 52 weeks, non-inferiority of IDet vs. NPH was established for 
HbA1c (IDet 8.75%, NPH 8.64%, mean difference 0.12% points, 95% CI (-0.12; 
0.36%)). Change in mean FPG was -0.60 mmol/L with IDet vs. 0.02 mmol/L 
with NPH, (NS) and the within-subject variation in self-measured FPG was 
lower with IDet than with NPH (SD: 3.01 vs. 3.68 mmol/L, p <0.001). The es-
timated mean rate of 24-hour hypoglycaemia and nocturnal hypoglycaemia 
(between 22:00 and 07:00) was lower with IDet than with NPH, (respectively 
55.4 vs. 72.5 events per exposure year, (rate ratio: 0.76, p <0.05) and 8.7 vs. 
13.9 events per exposure year (rate ratio: 0.62, p <0.005)). The reduced rate 
of hypoglycaemia at night was observed even though pre-breakfast plasma 
glucose targets between 4.0 and 7.0 mmol/L was achieved by a slightly larger 
proportion of subjects on IDet compared to NPH (40% vs. 32%) at end of tri-
al. Severe hypoglycaemic episodes were rare (3 with IDet and 12 with NPH) 
and none of these occurred at night with IDet. Apart from this, the adverse 
event profile was similar between IDet and NPH. SD scores for body weight 
(standardized by age and sex) decreased with IDet, but remained unchanged 
with NPH (change: -0.12 vs. 0.04, p <0.001). Thus, in contrast to NPH, IDet 
was not associated with inappropriate weight gain. At trial end, the mean 
daily basal insulin dose was comparable between IDet and NPH (0.60 vs. 0.58 
U/kg) as was the dose of IAsp (0.48 vs. 0.45 U/kg).
Conclusion: In this unique trial, long-term treatment of children and ado-
lescents aged 2-16 years with insulin detemir resulted in similar glycaemic 
control as NPH insulin, but with a significantly lower risk of overall and noc-
turnal hypoglycaemia and a reduction in weight SD scores.

986
A comparison of efficacy and safety of insulin aspart and human insulin 
in treatment of type 1 diabetes mellitus. The results of a systematic 
review
I. Skrzekowska-Baran1, O. Pankiewicz2, P. Rys2, M.T. Malecki3; 
1Novo Nordisk Poland, Warsaw, Poland, 2HTA Consulting, 3Department of 
Metabolic Diseases, Jagiellonian University, Krakow, Poland.

Background and aims: There is an on-going debate concerning efficacy 
and safety of the rapid-acting insulin analogues in type 1 diabetes mellitus 
(T1DM). While a few systematic reviews have been published so far, most 
of them provide pooled results for two analogues (lyspro and aspart). Very 
limited data is available on each individual compound. Our aim was to per-
form a systematic review-based study to compare clinical outcomes of treat-
ment with aspart (IAsp), a rapid-acting insulin analogue, and regular human 
insulin (RHI).
Materials and methods: The analysis was based on the results of clinical tri-
als, randomized and their non-randomized continuations in T1DM. Relevant 
articles were identified by a systematic literature search in the electronic med-
ical databases (MEDLINE, EMBASE, The Cochrane Library and others) up 
to February 2007. Two authors independently reviewed the articles.
Results: We identified 12 trials (3553 patients) that fulfilled the inclusion cri-
teria. Results are presented as the weighted mean difference and 95%CI, if not 
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otherwise stated. No study provided data for mortality or morbidity. Pooled 
data for HbA1c demonstrated a lower level in the IAsp than in the RHI group 
(-0.14; -0.20 to -0.07). The difference was greater in favour of IAsp in insu-
lin pump therapy (-0.31; -0.55 to -0.08). In addition, meta-analysis revealed 
statistically significant differences in favour of IAsp for PPG after breakfast 
(-1.46; -1.80 to -1.11), lunch (-1.13; -1.88 to -0.38) and dinner, (-0.86; -1.16 to 
-0.55); but not for fasting plasma glucose (FPG) (0.12; -0.96 to 1.20). Data on 
treatment satisfaction and Quality of Life were presented only in two studies. 
We observed a benefit when comparing IAsp with RHI (0.33; 0.19 to 0.47) 
with respect to the part of the Diabetes Treatment Satisfaction Questionnaire 
scale evaluating treatment flexibility. The safety analysis showed significant 
reduction of nocturnal hypoglycemias in the IAsp group (relative risk 0.67; 
95%CI 0.54 to 0.83).
Conclusion: In conclusion, analyses based on a systematic review showed 
that treatment with IAsp resulted in moderately better metabolic control, 
safety and treatment satisfaction in T1DM.
Supported by: NovoNordisk Poland

987
Comparison between human insulin and insulin analogues treatment 
with regard to hypoglycaemia (HYPO score) and metabolic lability 
(Lability Index) in type 1 diabetes mellitus
J. Caballero-Corchuelo, A. Boltaña, R. Insa, J. Soler, E. Montanya,  
M. Perez-Maraver; 
Endocrine Unit, Hospital Universitari Bellvitge, Hospitalet Llobregat, Spain.

Background and aims: Intensive insulin therapy in order to achieve a strict 
glycemic control reduces the incidence of complications associated with type 
1 diabetes mellitus but increases the risk of hypoglycemia. Therapy with in-
sulin analogues has been associated with a lower risk of hypoglycemia, par-
ticularly nocturnal events, and reduced glycemic lability in comparison with 
traditional human insulin. However, methods for quantifying the global risk 
of hypoglycemia and metabolic lability are heterogeneous and poorly standa-
rized. HYPO score and Lability Index (LI) are clinically validated quantitative 
measures associated with global risk of hypoglycemia and glycemic lability 
respectively. The aim was to evaluate, in type 1 diabetes mellitus patients 
treated with human insulin, whether treatment with insulin analogues was 
associated with a lower risk of hypoglycemia and glycemic lability (HYPO 
score and LI more favourable).
Material and methods: Our study was a 6 months prospective, randomized, 
open-labelled clinical trial. Consecutively attended patients in our unit were 
included if they had type 1a diabetes mellitus for at least 5 years, 18-60 years 
old, HbA1c less than 10%, and were receiving treatment with three or more 
doses of human insulin (n=47). Patients were randomized in a 1:1 ratio to re-
ceive human insulin therapy (regular plus NPH; group 1, n= 21) or an insulin 
analogues regimen (aspart plus glargine; group 2, n=26). HYPO score, LI, 
and hypoglycemic episodes and their characteristics were assessed at baseline 
and at the end of follow-up. Age, gender, diabetes duration, BMI, HbA1c, and 
insulin dose were also compared between groups at baseline and at the end of 
the study. A 72-hours continuous glucose monitoring was performed at the 
end of follow up in a subgroup of patients (n=12). Groups were compared 
with non-parametric tests. HYPO score and LI are expressed as median (25th 
to 75th interquartile range). Statistical significance was defined as p<0.05.
Results: At baseline both groups were comparable in terms of age (34.5 ± 5.6 
vs 35.6 ± 7.8 years), diabetes duration (10.2 ± 4.1 vs 10.7 ± 7.3 years), BMI 
(26.8 ± 4.3 vs 26.4 ± 3.3 kg/m2), HbA1c (7.5 ± 0.9 vs 7.5 ± 0.7 %), and insulin 
dose (0.76 ± 0.16 vs 0.73 ± 0.17 IU/kg), groups 1 and 2 respectively. Initial 
HYPO score (223.5 (84.5-403.0) vs 149.0 (53.0-224.0)) and LI (89.8 (52.3-
156.9) vs 77.4 (51.6-131.5) mM/l2/h.week-1) were also comparable. At the end 
of the study both groups continued to be comparable in terms of BMI, insulin 
dose, and HbA1c (7.7 ± 0.9 vs 7.2 ± 1.0 %). However, HYPO score was signifi-
cantly lower in group 2 at six months (260.0 (52.0-676.0) vs 71.5 (36.0-162.5), 
p<0.05) as well as nocturnal hypoglycemic events (1.4 ± 1.5 vs 0.4 ± 0.8 per 
4 weeks, p<0.05) and episodes below 45 mg/dl (3.0 ± 2.9 vs 1.4 ± 1.3 per 4 
weeks, p<0.05). LI was comparable at the end of the study in both groups. 
HYPO score was positively correlated with % time with glycemia below 70 
mg/dl in continuous glucose monitoring ( r=0,62, p <0,05).
Conclusion: treatment with insulin analogues in type 1 diabetes mellitus pa-
tients, in comparison with human insulin, was associated with a lower risk 
of hypoglycemia, particularly nocturnal and below 45 mg/dl events, despite 
comparable insulin dose and metabolic control. In contrast, metabolic lability 
was not different between groups.

PS 86 Diabetes education
988
Comparison between the “Diabetes Interactive Diary” telemedicine 
system and standard carbohydrate counting education: an open label, 
international, multicentre, randomised study
G. Vespasiani1, M.C. Rossi2, P. Di Bartolo3, C. Sardu3, D. Bruttomesso4,  
M. Dal Pos4, A. Girelli5, E. Zarra5, F. Ampudia6, D. Kerr7, A. Ceriello8,  
C. De La Cuesta9, F. Pellegrini2, D. Horwitz10, A. Nicolucci11; 
1Madonna del Soccorso Hospital, S. Benedetto del Tronto, Italy, 2Clinical 
Pharmacology and Epidemiology, Consorzio Mario Negri Sud, S. Maria 
Imbaro (CH), Italy, 3AUSL, Ravenna, Italy, 4Clinical and Experimental 
Medicine, Policlinico Universitario, Padova, Italy, 5Diabetes Unit, Spedali 
Civili, Brescia, Italy, 6Unit of Endocrinology, Hospital Clínico Universitario, 
Valencia, Spain, 7Diabetes and Endocrine Centre, Royal Bournemouth 
Hospital, Bournemouth Dorset, United Kingdom, 8University of Warwick, 
Warwick Medical School, United Kingdom, 9Unit of Endocrinology, 
Hospital Universitario Virgen Macarena, Sevilla, Spain, 10Medical & Clinical 
Affairs LifeScan Inc., Milpitas, United States, 11Consorzio Mario Negri Sud, 
S. Maria Imbaro (CH), Italy.

Background and aims: Carbohydrates (CHO) counting is effective in pro-
moting dietary freedom, quality of life, and glycaemic control, but its wide-
spread use is limited by the complex education required. The Interactive Di-
ary for Diabetes (DID) is an electronic diary/bolus calculator/ telemedicine 
system based on patient-specialist communication by mobile phone short 
messages. It enables patients to match insulin to CHO intake on a meal by 
meal basis. Aim of this study was to compare DID with standard CHO count-
ing education in terms of metabolic and weight control, quality of life, and 
treatment satisfaction.
Materials and methods: Adults with T1DM were randomised to the DID 
educational program (Group A, N=67) or to CHO counting standard educa-
tion (Group B, N=63). Patients were seen after 3 and 6 months. A subgroup 
of 60 patients was asked to fill in the SF-36 Health Survey and the WHO-
Diabetes Treatment Satisfaction Questionnaire at each visit. Between-groups 
mean changes with respect to baseline values were evaluated using the Mann-
Whitney U test.
Results: Of 130 patients enrolled (43% males; age 35.7±9.4 yr; T1DM dura-
tion 16.5±10.5 yr), 11 dropped out (9 in group A and 2 in group B). Time 
devoted to education was of 6 (2-15) hours in group A and 12 (2.5-25) hours 
in group B (p=0.07). After 6 months, HbA1c levels decreased from 8.2±0.8 
to 7.8±0.8 in group A and from 8.4±0.7 to 7.9±1.1 in group B (p=0.68); FBG 
decreased from 183±86 to 163±67 mg/dl in group A, while it increased from 
177±59 to 186±79 mg/dl in group B (p=0.13); body weight increased by 
0.68±3.6 Kg in group A and 1.45±2.3 kg in group B (p=0.34). Mean daily 
doses of short-acting insulin were of 20.6±8.2 UI/die in group A and 20.1±7.8 
UI/die in group B (p=0.92), while doses of long-acting insulin were lower in 
group A than in group B (17.4±7.4 UI/die and 21.4±10.0 UI/die, respectively; 
p=0.12). No severe hypoglycaemic episode occurred. DTSQ-scores increased 
significantly more in group A (from 26.7±4.4 to 30.3±4.5) than in group B 
(from 27.5±4.8 to 28.6±5.1) (p=0.04). Role physical, general health, vitality, 
and role emotional SF-36 scores improved significantly more in group A than 
in group B.
Conclusion: DID is at least as effective as traditional CHO counting educa-
tion, allowing dietary freedom to a larger proportion of T1DM patients. DID 
is associated with lower weight gain, probably due to lower doses of long-
acting insulin, it requires less time for education and does not increase the 
risk of severe hypoglycaemic episodes. DID significantly improved treatment 
satisfaction and several quality of life dimensions.
Supported by: MeTeDa srl, San Benedetto del Tronto, Italy

989
Impact of the READ (Ramadan focused Education and Awareness in 
Diabetes) programme on HbA1c, weight and hypoglycaemia
V. Bravis1,2, E. Hui1, B. Gohel1, S. Salih1,3, S. Mehar1,3, D. Devendra1,2; 
1Diabetes and Endocrinology, Jeffrey Kelson Diabetes Centre, Central 
Middlesex Hospital, 2Department of Investigative sciences, Imperial College, 
3Brent teaching PCT, London, United Kingdom.

Background and aims: 14 million Muslims are living in Europe and 1 million 
suffer with diabetes. During Ramadan, Muslims fast from dawn to dusk for 
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one lunar month. Type 2 Diabetes (T2D) patients who fast during Ramadan 
have a four-fold increase in hypoglycaemic events (HE) and gain weight. In 
2007, we conducted a pilot study, which demonstrated that the READ (Ram-
adan focused Education and Awareness in Diabetes) programme reduced the 
risk of HE, prevented weight gain and empowered patients to change their 
lifestyle. In 2008, we extended the study, aiming to: 1)validate our results, 
2)compare the impact of READ on HbA1c, weight, HE before and after Ram-
adan in a large cohort of Muslim patients with T2D, 3)implement treatment 
interventions to the education arm and compare their effects on HbA1c, 
weight, HE during Ramadan.
Materials and methods: 126 patients (Group A) took part in the READ 
programme about meal planning, physical activity, glucose monitoring, hy-
poglycaemia, medications. Group B did not attend (n=120). We retrospec-
tively analysed mean weight, HbA1c, HE (blood glucose <3.5 mmol l-1 and/or 
symptoms) before and after Ramadan. Patients with HbA1c > 8.5% who at-
tended the programme were further assigned to two groups. In addition to 
Metformin 2g daily, group C received vildagliptin 50mg bd (n=26) and group 
D received gliclazide 80mg bd (n=28). HbA1c, weight, HE were compared 
before and after Ramadan. Patients on Human Mixtard30 bd insulin regime 
(n=52) were also divided into two groups before Ramadan. In group E, the 
evening insulin dose was changed to Humalog Mix50 insulin (n=26). Group 
F continued on Human Mixtard30 (n=26). We retrospectively analysed mean 
weight, HbA1c, HE before and after Ramadan.
Results: Group A had mean weight change of -1.52kg (p=0.07, 95%CI -3.41 
to 0.37) and mean HbA1c change of -0.7% (p<0.001, 95%CI -0.83 to -0.57). 
Group B had mean weight change of +0.94kg (p<0.001, 95%CI -0.76 to 2.64) 
and mean HbA1c change of +0.1% (p<0.001, 95%CI 0 to 0.2). There was rela-
tive risk reduction in HE of 20% with education. Group C had mean HbA1c 
reduction of 1.3% (p<0.001) and mean weight gain of 0.34kg (p=0.08). Group 
D had mean HbA1c reduction of 1.3% (p<0.001) and mean weight gain of 
0.8kg (p<0.001). During Ramadan there were 12 times more HE in the Gli-
clazide group (n=24) compared to the Vildagliptin group (n=2). Group E had 
mean weight gain of 0.81kg (p<0.001) and a mean HbA1c reduction of 0.49% 
(p<0.001). Group F had 0.33kg mean weight gain (p=0.08) after Ramadan 
and mean HbA1c increase of 0.33% (p<0.05). There was relative risk reduc-
tion of 27% in HE with Humalog Mix50.
Conclusion: The READ programme created an opportunity to study the out-
comes of fasting in the UK among Muslims. It led to better metabolic control, 
through weight loss and significant decrease in Hba1c, whilst ensuring safer 
fasting by decreasing the risk of hypoglycaemia. Vildagliptin use is safer than 
gliclazide during the month of Ramadan. The Humalog Mix50 regime could 
be considered as a safer and more effective regime for T2D patients who fast 
during Ramadan. The benefit of patient education appears to be very relevant 
to T2D patients who fast during Ramadan. We encourage all healthcare pro-
viders in Europe to implement this novel education programme, which is the 
first to study outcomes of fasting in Europe.

990
International diabetes management practices study (IDMPS): outcomes 
comparison between educated and non educated people with type 2 
diabetes
J.J. Gagliardino1, P. Aschner2, S.H. Baik3, J. Chan4, N. Hancu5, H. Ilkova6,  
A. Ramachandran7; 
1CENEXA (UNLP-CONICET LA PLATA), La Plata, Argentina, 
2Endocrinology Unit, Javeriana University School of Medicine, Bogotá, 
Colombia, 3Division of Endocrinology, Korea University Guro Hospital, 
Seoul, Republic of Korea, 4Department of Medicine and Therapeutics, The 
Chinese University of Hong Kong, Shatin, Hong Kong, 5Diabetes Center 
and Clinic, Iuliu Hatieganu University of Medicine, Cluj-Napoca, Romania, 
6Department of Internal Medicine, Istanbul University Cerrahpasa Medical 
Faculty, Istanbul, Turkey, 7India Diabetes Research Foundation, Dr. A. 
Ramachandran’s Diabetes Hospitals, Chennai, India.

Background and aims: Achievement of diabetes treatment goals greatly de-
pends on the patient´s active and efficient participation in the control and 
treatment of the disease. Although education is a valuable tool to obtain such 
participation, many patients worldwide still lack appropriate diabetes educa-
tion. This study shows significant improvement of treatment indicators in a 
population of educated persons with type 2 diabetes and values close to treat-
ment goals according to EASD/ADA guidelines.
Materials and methods: The IDMPS is an international, multicenter, obser-
vational study performed in 27 countries within Africa, Asia, Eastern Europe, 
Middle East and Latin America. Data were collected from people with type 

1 and 2 diabetes (≥18 years) seen in current medical practice in yearly cycles 
(2-week cross-sectional recruitment period followed by a 9-month longitudi-
nal period for type 2 patients) for 5 years. IDMPS was performed in compli-
ance with the Helsinki Declaration and Good Clinical Practice Standards. We 
currently report and compare results from 11384 people with type 2 diabetes 
(educated vs. non educated, 5692 in each group, paired by age, gender and 
diabetes duration) recruited during the second cross-sectional period (No-
vember and December 2006). Data were analyzed using the Wilcoxon and 
the chi2 tests for continuous and categorical variables, respectively.
Results: Values of the different parameters measured in both groups were 
close to treatment goals proposed by EASD/ADA guidelines; however, the 
educated group had modestly but significantly (p< 0.001) higher figures of 
people with normal BMI (28.3 vs. 24.4%), diastolic BP <80 mm Hg (36.5 vs. 
32.3%), HbA1c < 7.0% (38.1 vs. 35.8%), LDL-c < 100 mg/dL (39.5 vs. 33%) 
and triglyceride < 150 mg/dL (52.7 vs. 49%). The percentage of complica-
tions was low (<20%) in both groups but the educated group had significantly 
lower values of people with proteinuria (16.6 vs. 18%) and foot ulcer (2.4 vs. 
3.5%).
Conclusion: These data represent one of the largest reported on education of 
people with type 2 diabetes and demonstrate that education can significantly 
improve treatment outcomes, even in persons with values close to treatment 
goals. Such improvements can help to prevent the development/progression 
of chronic complications and the consequent increase in treatment costs.
Supported by: sanofi-aventis

991
Evaluating self-management support in type 1 diabetes: design and 
baseline data from the Irish Dose Adjustment for Normal Eating 
(DAFNE) Study
S.F. Dinneen1, M. O’Hara2, J. Newell3, M. Byrne4, for the Irish DAFNE Study 
Group; 
1Medicine, National University of Ireland, 2Diabetes Centre, University 
Hospital Galway, 3Clinical Research Facility, National University of Ireland, 
4School of Psychology, National University of Ireland, Galway, Ireland.

Background and aims: Structured education programmes for individu-
als with Type 1 diabetes have become a recognised means of delivering the 
knowledge and skills necessary for optimal self-management of the condition. 
The DAFNE programme has been shown to improve biomedical (HbA1c 
and rates of severe hypoglycaemia) and psychosocial outcomes for up to 12 
months following course delivery. The optimal way to support DAFNE grad-
uates and maintain the benefits of the programme has not been established. 
We aimed to compare 2 different methods of follow-up of DAFNE graduates 
in a pragmatic clinical trial delivered in busy diabetes clinics across the island 
of Ireland.
Materials and methods: Six participating centres were cluster randomised 
to deliver either group follow-up or a return to traditional one-to-one clinic 
visits at 6, 12 and 18 months post DAFNE training. Generalisability (exter-
nal validity) was maximised by recruiting study participants from existing 
DAFNE waiting lists in each centre, by using broad inclusion criteria (e.g., 
HbA1c values less than 13 percent with no lower limit) and by using existing 
clinic staff to deliver the training and follow-up. Internal validity and treat-
ment fidelity were maximised by quality assuring the training of all DAFNE 
educators, by external peer review of the group follow-up sessions and by 
striving for full attendance at follow-up visits. Assays of HbA1c were under-
taken in a central laboratory.
Results: The target sample size of 400 participants was reached in February 
2009. Baseline analyses show that the study population comprises 55 percent 
females. The mean (±SD) age of the group is 38.1 (±11.7) years with duration 
of diabetes of 16.0 (±10.8) years and body mass index of 26.1 (±4.2). The 
mean HbA1c at baseline is 8.3 (±1.3) percent with no statistical heterogeneity 
across centres. A total of 89 out of 381 respondents (23%) reported one or 
more episodes of severe hypoglycaemia in the previous 12 months. Baseline 
psychosocial measures showed mean scores for Hospital Anxiety Depression 
Scale-Anxiety (HADS-A), HADS-Depression (HADS-D) and Problem Areas 
in Diabetes (PAID) of 5.0 (±3.5), 4.5 (±3.2) and 27.0 (±18.0) respectively. The 
percent of participants with values considered clinically significantly abnor-
mal (greater than 8 for HADS-A and HADS-D and greater than 40 for PAID) 
was 17, 12 and 23 percent respectively.
Conclusion: This pragmatic clinical trial evaluating group follow-up after a 
structured education programme has been designed to have broad general-
isability. The results should inform how best to manage the well educated 
patient with Type 1 diabetes in the real world of clinical practice.



S 390 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

Supported by: HRB Health Services R&D Award

992
Patient Engagement And Coaching for Health (PEACH): baseline 
characteristics of patients with type 2 diabetes in cluster RCT of intensive 
treatment in general practice in Australia
D. Young1, J.S. Furler1, I.D. Blackberry1, J.D. Best2, on behalf of PEACH 
study investigators; 
1Department of General Practice, 2School of Medicine, The University Of 
Melbourne, Carlton, Australia.

Background and aims: Significant gaps exist between actual clinical practice 
and evidence based treatment goals and
outcomes in type 2 diabetes (T2D) care in General Practice. Intensive treat-
ment to reduce HbA1c and other risk factor for T2D complications can be 
hard to implement in the primary care setting. The PEACH study is a Gen-
eral Practice based, cluster RCT of practice nurse-led telephone coaching to 
improve health outcomes for patients with poorly controlled T2D in Mel-
bourne, Australia. The practice nurse follows the COACHING program, a 
scripted format to motivate and empower patients in diabetes self manage-
ment. Patients receive 8 telephone coaching sessions from the practice nurse 
over an 18-month period. Coaching focuses on having patients more actively 
engage with their General Practitioner to achieve HbA1c and other risk fac-
tor targets by intensifying pharmacologic treatment. This paper describes the 
demographics and clinical profiles of the participants at baseline, before ran-
domisation into intervention and control groups.
Methods: T2D patients over 18 years with HbA1c>7.5% in the last 12 months 
without any complex debilitating coexisting medical condition were recruit-
ed from general practices. All patients were approached by mail and asked to 
fill in a brief personal survey irrespective of their willingness to participate. 
Those agreeing to participate completed baseline data on biochemical and 
lifestyle factors such as smoking, diet and physical activity with their prac-
tice nurses. Additional information such as diabetes self efficacy, depression, 
quality of life and level of social support were also obtained.
Results: 468 patients (42% female) from 59 general practices completed base-
line assessments. Mean age was 62 years and 19% of participants were from 
non-English speaking background. Participants had a median duration of 
diabetes of 9 years with a median HbA1c of 7.8%. Over 90% of participants 
were overweight or obese, with average BMI of 33 kg/m2 and over 70% had 
waist circumference above target. Blood pressure and total cholesterol means 
were 138/79mm/Hg and 4.5mmol/L, respectively. Proportion of people with 
normal ranges of albumin/creatinine ratio and eGFR were 73% and 82%, re-
spectively. Nearly 40% of the sample reported mild to severe of depression 
level. Compared to non-participants, participants were more educated, more 
likely to have private health insurance, from higher socio-economic occu-
pational groupings, had fewer macrovascular complications, and were more 
likely to be on combined insulin and oral medications. Participants reported 
slightly lower self efficacy in managing diabetes and slightly higher levels of 
perceived availability of support and support accessibility compared to com-
munity samples.
Conclusion: While participants are more educated and not as disadvantaged 
socio-economically as non-participants, this poorly controlled study popula-
tion is at high risk of significant long term complications from diabetes. The 
high prevalence of depression and obesity are of concern and are likely to 
pose challenges to practice nurses undertaking coaching. The Practice Nurses 
will face additional challenges to coach these patients to improve their diabe-
tes control in view of the natural progression of the disease.
Supported by: the Australian National Health and Medical Research Council
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Attitudes and beliefs on self-care of diabetic foot among patients
A.L. Costa, A.C. Caetano, A. Valongo, I. Lessa, A. Recto, R. Oliveira,  
A. Castela, R. Duarte, J.F. Raposo; 

Diabetic Foot, Portuguese Diabetes Association (APDP), Lisbon, Portugal.
Background and aims: The risk of Diabetes Foot Syndrome has increased 
in patients with long diabetes duration. Preventive measures however can 
reduce lower limb amputations for diabetic foot disease. Tight glycemic con-
trol, patient education and preventive foot care behaviors can substantially 
reduce that risk. The aim of this study was to assess attitudes, beliefs and the 
level of preventive foot care among patients with diabetes in an outpatient 
foot clinic in Portugal.

Materials and methods: A retrospective descriptive analysis based on clini-
cal data collected from all diabetic patients that attended for the 1st time our 
foot clinic, between January and December 2007. A cohort of 1.048 diabetic 
patients who went to our screening evaluation, were assessed by their preven-
tive foot care attitudes and beliefs. A questionnaire including items such as 
foot hygiene, proper foot wear, identification and avoidance of risks, behavior 
in injury, routine foot surveillance and daily self feet inspection was used 
during the assessment. The level of awareness was categorized as having “No 
Awareness”, “Some Awareness”, “Acceptable Awareness” and “Good Aware-
ness”. Details of socio-demographic and clinical profiles were also available. 
Statistical analysis was performed through SPSS - Statistical Package for the 
Social for Science). Descriptive statistics are present and comparison between 
variables was performed using χ² test.
Results: We studied 1.048 patients, 46% were female and 54% male. Mean age 
of the group was 61 ± 14 years and duration of diabetes was 12 ± 9 years. 6,5% 
were type 1 diabetes, 88,1% were type 2 diabetes and 5,4% had other types of 
diabetes. The last Hb1A1c in patients with ≤ 6,5% was 19,37%. We found that 
82,5% of patients had acceptable awareness of foot care behaviors. Compara-
tive analysis between socio-demographic and clinical variables revealed sta-
tistic significant differences in gender (female 56,9% vs male 43,1%); p < 0,05. 
duration of disease for less than 9 years ( Pearson Chi- Square value 77, df 42, 
p= 0.001), school degree to secondary school ( Pearson Chi- Square value 2,3, 
df 3, p= 0,001) and type of diabetes for diabetes type 2 ( Pearson Chi-Square 
value 21,8, df 5, p =0.001).
Conclusion: The evaluation in our sample showed an adequate awareness 
standard of preventive foot care behavior. Effective education is needed to in-
crease awareness and preventive foot care attitudes (behavior) in the illiteracy 
community and, with longer duration of diabetes, especially in men and in 
type 1 diabetics.

994
Self-monitoring of blood glucose in patients with type 2 diabetes who are 
not using insulin: a 1-year randomised controlled trial
N. Kleefstra1,2, J. Hortensius1, S.J.J. Logtenberg1, R.J. Slingerland3,  
K.H. Groenier4, S.T. Houweling2,5, R.O.B. Gans6, H.J.G. Bilo6,1; 
1Diabetes Centre, Isala Clinics, Zwolle, 2Medical Research Group, 
Langerhans, Zwolle, 3Department of Clinical Chemistry, Isala Clinics, 
Zwolle, 4General Practice, University of Groningen, 5General Practice 
Sleeuwijk, 6Department of Internal Medicine, University Medical Center 
Groningen, Netherlands.

Background and aims: Self-monitoring of blood glucose (SMBG) improves 
glycemic control in patients using insulin. Whether this is also true for pa-
tients with type 2 diabetes mellitus (T2DM) not using insulin is questionable. 
Our aim was to investigate the effects of SMBG (postprandial values) in pa-
tients with T2DM not using insulin who are in persistent moderate glycemic 
control.
Materials and methods: Patients were eligible when between 18 and 70 years 
of age, with an HbA1c between 7 and 8.5% at the start of the study (at annual 
check-up) and at the previous annual check-up, using 1 or 2 different oral 
blood glucose lowering drugs without regimen change during the preced-
ing 3 months, and without use of SMBG in the preceding 6 months. Forty 
patients were randomly assigned to receive either SMBG added to usual care 
or to continue with usual care during 1 year. SMBG was performed using 
the Accu-check Aviva blood glucose meter. Twice a week (including either 
Saturday or Sunday),a fasting glucose value and three postprandial glucose 
values were measured. All patients were instructed about acceptable glucose 
values (fasting: 4-8 mmol/L, postprandial: 4-10 mmol/L) and no specific (di-
etary) advice was given. HbA1c was measured every 3 months. Blood glucose 
lowering therapy was intensified when HbA1c was ≥ 8.5%. The primary ef-
ficacy parameter was change in HbA1c. An intention to treat analysis was 
performed.
Results: Patients were recruited from March 2006 until October 2007. Mean 
age was 59 years, median diabetes duration was 6.0 years, and mean BMI 
was 31 kg/m2. Mean HbA1c at baseline was 7.58% vs. 7.66% in the interven-
tion vs. control group, respectively. After 1 year HbA1c was on average 7.47% 
in the intervention group and 7.52% in the control group (see figure: Mean 
HbA1c values for smbg and no smbg groups with 95% CI ). Change in HbA1c 
between groups was -0.05% (95%CI: -0.51, 0.41; p=0.507).
Conclusion: Although this study cannot fully exclude a possible clinical rel-
evant change in HbA1c caused by SMBG in patients on oral therapy, it largely 
confirms the results of 2 previous trials with SMBG in T2DM (the DIGEM 
and ESMON trials). Our study adds data on patients with T2DM in persistent 
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moderate control, performing fasting and postprandial SMBG. We conclude 
that there is no evidence that SMBG should be considered of value in T2DM 
patients not using insulin. 

Supported by: Roche Diagnostics Nederland BV
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Successful optimizing of intensified insulin therapy using a new 
structured treatment and teaching programme for outpatients with 
diabetes mellitus type 1
U.A. Müller1, N. Müller1, C. Kloos1, R. Fahr2, A. Fahr2, K. Opel3, A. Opel3, 
G. Wolf1; 
1Internal Medicine III, University Hospital Jena, 2Practice for Diabetology, 
Suhl, 3Practice for Diabetology, Gummersbach, Germany.

Background and aims: The only certified diabetes treatment and teaching 
programme (DTTP) for patients with diabetes type 1 in Germany was de-
veloped and evaluated by the group of Michael Berger. The programme aims 
for self management of diabetes and insulin dose adjustment. The evalua-
tion of the DTTP is mainly based on studies on inpatients and one trial on 
outpatients from Austria. Primary objectives of the programme were start-
ing insulin therapy and switching from conventional to intensified therapy. 
Today 99% of patients with type 1 diabetes in Germany are on intensified 
insulin therapy The current objective in the care of patients with diabetes type 
1 is to optimize intensified insulin therapy. We adapted the original DTTP to 
improve metabolic control and reduce severe hypoglycaemia in patients with 
diabetes type 1 who are already on intensive insulin therapy. The evaluation 
was done in an outpatient setting in German diabetes practices.
Materials and methods: In an ambulant, multicentre, prospective trial, we 
recruited 85 patients with diabetes type 1 (age 44.1y, duration of diabetes 
16.3y, BMI 26.6kg/m²). The DTTP consisted of 12 teaching sessions in a pe-
riod of 6 weeks. Data were checked at baseline (V1), 3 weeks after DTTP (V2) 
and 12 months after DTTP (V3). 74 patients completed the DTTP and 62 
patients could be examined after 12 months (V3: age 43y, duration of diabetes 
13.7y, BMI 26.7kg/m²). Diabetes treatment satisfaction (DTSQs and DTSQc) 
and diabetes dependent quality of life (ADDQoL) were assessed with a ques-
tionnaire (C. Bradley); HbA1c was DCCT adjusted.
Results: HbA1c at baseline was 7.71%. In patients with baseline HbA1c >7% 
(88%) HbA1c decreased by 0.36% (V1 8.17; V3 7.81%; p=0.004). The percent-
age of patients with HbA1c ≤7% increased from 21.3% at V1 to 34.9% at V3 
and the percentage of patients with HbA1c above 10% decreased from 6.6% 
at V1 to 1.6% at V3. We did not observe a significant change in insulin dose 
(47.85 V1; 50.11 IE/d V3; p=0.380) or number of injections (4.89 V1; 4.77/
d V3; p=0.349). The incidence of mild and severe hypoglycaemia decreased 
significantly: mild hypoglycaemia from 3.31 at V1 to 1.39/episodes/pat/wk at 
V3 (p=0.001) and severe hypoglycaemia (glucose i.v. or glucagon injection) 

from 0.16 at V1 to 0.03/episodes/pat/year at V3 (p=0.02). Ketoacidosis with 
hospital admission was rare (1 event/12 month at baseline; no event at V3). 
Diabetes treatment satisfaction increased by +10 of a maximal ±18 points. 
The negative influence of diabetes on quality of life decreased from -1.93 to 
-1.69 points (p=0.031).
Conclusion: In a group of moderately well-controlled patients with type 1 
diabetes being already on intensified insulin therapy, metabolic control, treat-
ment satisfaction and quality of life improved following participation in an 
ambulatory teaching and treatment programme.
Supported by: Roche Diagnostics Germany
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Cost-efficacy of group care in the management of type 2 diabetes. 
Economic evaluation of the ROMEO (Rethink Organization to iMprove 
Education and Outcomes) data set
M. Trento1, J. Sicuro1, L. Semperbene1, P. Bondonio2, F. Cavallo3, M. Porta1; 
1Laboratory of Clinical Pedagogy, Internal Medicine, 2Departments of 
Economics, 3Department of Pubblic Health and Microbiology, University of 
Turin, Italy.

Background and aims: ROMEO was a 4 years multicenter randomized con-
trolled trial of Group versus individual care, which showed that the former 
helps achieving better metabolic control, quality of life and health behaviours 
in patients with type 2 diabetes. We have calculated the costs of hypoglycae-
mic, antihypertensive and lipid-lowering medication associated with the two 
approaches.
Patients and methods: the costs of drugs to the Italian National Health Serv-
ice were calculated by summing the prices of all prescriptions to each patient 
for the duration of the trial. The data from 479 patients, 246 on Group Care 
and 233 controls from 4 participating centres were calculated
Results: On average, patients on Group Care cost 383.13 Euro/year and Con-
trols 334.02 Euro/year. Over 4 years, patients on Group Care cost 81,5 Euro 
more than controls. Since at the end of study patients on Group Care had 
lower BMI (-1.09), HbA1c (-1.49%) and better quality of life (-16.8) p<0.0001 
all Group Care cost Euro 74.78, 54.70 and 4.85 per point gained in body mass, 
metabolic control and quality of life respectively.
Conclusion: Group Care is a cost-effective alternative to traditional care for 
the management of type 2 diabetes.
Supported by: an EFSD/Novo Nordisk grant
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997
Impact of weight loss on anxiety and depression in obese patients with 
type 2 diabetes mellitus
I. Kyrou1,2, G. Osei-Assibey2, C. Baker1, D. Kendrick1, K. Lois1,2,  
P. Saravanan2, S. Kumar1,2; 
1WISDEM, University Hospitals Coventry and Warwickshire, 2Unit for 
Diabetes and Metabolism, Clinical Sciences Research Institute, Warwick 
Medical School, Coventry, United Kingdom.

Background and aims: Obesity and type 2 diabetes mellitus (T2DM) are 
strongly associated with increased rates of depression. Modest weight loss 
(5-10%) in obese patients with T2DM has multiple metabolic benefits, im-
proving glycaemic control, lipid profile and blood pressure. Effects of weight 
management on the psychological status of T2DM patients are less well docu-
mented. The aim of this study was to investigate the impact of weight loss 
on anxiety and depression in obese T2DM patients attending an outpatient 
specialist obesity clinic.
Materials and methods: Patients with T2DM, on oral hypoglycaemic agents, 
and body mass index (BMI) over 30 kg/m2, followed in our obesity clinic, 
were invited to participate in the study. Weight loss interventions included 
lifestyle modification and pharmacotherapy with orlistat or sibutramine. 
Emotional disorders relating to anxiety and depression were assessed by the 
Hospital Anxiety and Depression Scale (HADS), a validated, self-report in-
strument consisting of 14 items (7 items for anxiety, HADS-A, and 7 items for 
depression, HADS-D). The two HADS subscales are independent measures. 
Anxiety cases on HADS-A and depression cases on HADS-D were defined by 
a score equal or greater than 8 on each subscale. Participants completed the 
HADS at baseline and at their annual follow-up visit.
Results: Complete data were available for 32 T2DM patients (40.6% male 
and 59.4% female, age range: 38-59). At baseline mean BMI was 48.26±7.90 
kg/m2 (mean±SD). Based on their baseline HADS scores (HADS-A mean 
score: 9.59±4.77 and HADS-D mean score: 8.31±4.47) 62.5% of the partici-
pants were classified as cases of anxiety and 53.1% as cases of depression. 
At 12 months mean body weight was significantly reduced by 5.80±5.23 kg 
(p<0.01) (BMI: 46.30±7.20 kg/m2, p<0.01), representing a mean percent 
weight loss of 4.06±3.79% for the whole cohort. At 12 months 28.1% of the 
participants were classified as cases of anxiety and 31.3% as cases of depres-
sion with significantly decreased scores in both subscales (HADS-A mean 
score: 6.75±3.95 and HADS-D mean score: 5.75±3.76, p<0.05). Significant 
positive correlations were found between percent weight loss and reductions 
in both HADS-A and HADS-D scores (p<0.05).
Conclusion: These results suggest that weight loss achieved through a weight 
management programme in the setting of a specialist obesity clinic can im-
prove the anxiety and depression status of obese patients with T2DM. Future 
studies are planned to examine the impact of weight management on psy-
chological co-morbidities of T2DM in a larger cohort of patients and in the 
long-term.

998
Changes in eating behavior, depression and quality of life in patients 
with type 2 diabetes after a 3-months-intervention with low-fat 
vegetarian diet and conventional diabetic diet
T. Hrachovinová1,2, H. Kahleová1, P. Hackerová2, T. Pelikánová1; 
1Diabetes Center, Institute for Clinical and Experimental 
Medicine,2Department of Psychology, Charles University, Prague, Czech 
Republic.

Background and aims: When compared to conventional diabetic diet, the 
clinical trials using vegetarian diets have shown greater effect on weight loss, 
greater reduction of LDL cholesterol, HbA1c and diabetes medication. The 
aim of our study was to determine eating behaviour, the degree of depression, 
and quality of life in patients with type 2 diabetes attending an intervention 
programme with different hypocaloric diets (low-fat vegetarian diet com-
pared to conventional diabetic diet).
Materials and methods: Open, parallel randomized study. 70 individuals 
with type 2 diabetes were randomly assigned to a low-fat vegetarian diet 
(experimental group; EG) or conventional diabetic diet (control group; CG) 
with similar caloric restriction (-500 kcal/day). All patients were examined, 
using the The Three-Factor Eating Questionnaire (Stunkard and Messick), 

Beck’s Depression Inventory (BDI), a questionnaire on Quality of life (OWL-
QoL) and a questionnaire tracing negative symptoms caused by overweight 
and obesity (WRSM) at baseline (0) and after 12 weeks of diet intervention.
Results: I. Both groups as a whole. Patients in both groups lost weight (p<0.01). 
The average BDI score decreased significantly after the intervention (p<0.05). 
Patients in both groups noticed significantly lower feelings of hunger after the 
intervention (p<0.01). The quality of life improved in both groups (p<0.01). 
II. Differences between groups. Average weight loss was greater in the EG than 
in the CG (6.41±4.23 vs. 3.47±4.07 kg; p<0.01). There were no differences 
between groups in the average BDI score (8.3±5.5 vs. 8.6±8) at start, which 
did not reach the threshold of depressive symptoms. Nevertheless the aver-
age BDI score decreased significantly after the intervention (p<0.05). The 
interindividual variations are remarkable in both groups. The differences be-
tween both groups after the intervention are not statistically significant. In 
the disinhibition scale and hunger score, there are no statistically significant 
differences between the groups at start, but we can see a trend toward greater 
food disinhibition score in the EG (6.3 EG vs. 5.4 CG) and stronger feelings 
of hunger in the EG (4.9 EG vs. 3.4 CG) at start, whereas there is a trend 
toward greater decrease in feelings of hunger in the EG (1.88 EG vs. 0.83 
CG) but there are no significant differences between groups in food disinhibi-
tion score after the intervention. The quality of life improved in both groups 
(p<0.01): the WRSM score decreased by 9.1 vs. 11.8 with no statistically sig-
nificant differences between groups and the OWLQoL score decreased with 
no statistically significant differences between groups (p<0.05). There were 
no differences between groups in the restriction scale at start (8.7±3.8 vs. 8.4± 
4.8), whereas after the intervention the conscious control of food increased 
significantly in both groups, more in the CG (by 2.1 in the EG vs. 4.47 in the 
CG, p<0.05).
Conclusion: The results show a remarkable positive effect of the diet inter-
vention on the quality of life, the BDI score and feelings of hunger. Patients 
from the CG expressed stronger feelings of restriction in food. In the EG 
patients lost more weight and expressed feelings of restriction in food and 
feelings of hunger less frequently.
Supported by: grants MSM 0021620841 and MZO 00023001
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Screening performance of a short versus long version of the patient 
health questionnaire-depression in outpatients with diabetes
M. Pibernik-Okanovic1, M. Grgurevic1, D. Ajdukovic1, B. Novak1, D. Begic2, 
Z. Metelko1; 
1Outpatient Clinic, Vuk Vrhovac Institute, 2Psychiatric Clinic, University 
Hospital Rebro, Zagreb, Croatia.

Background and aims: Regular screening for depressive symptoms in dia-
betic outpatients might improve both diabetes and depression outcomes. This 
study was aimed at comparing performance of a two-item vs a nine-item ver-
sion of the Patient Health Questionnaire (PHQ-9) defined as a proportion of 
positively screened patients with confirmed elevated depressive symptoms by 
means of a clinical interview.
Materials and methods: Two hundred sixty-three consecutively recruited 
diabetic patients attending their regular medical check-ups (90% with type 
2 diabetes, aged 60±11 yrs., with diabetes duration of 10±8 yrs., 44% insu-
lin-treated, with average HbA1C values of 7.4%±1.4 and BMI of 29.7 kg/m2 
±5.2) were screened for depression by using the PHQ-9 scale. Cut-off scores 
of 3 for the PHQ-2 and 10 for the PHQ-9 were used to discriminate between 
positive and negative screenings. Percentages of positive screenings on the 
two instrument’s versions, and proportions of patients who were confirmed 
for elevated depressive symptoms by a clinical interview were compared.
Results: Twenty-two percent of the patients assessed for depressive symp-
toms were found to be above the cut-offs indicative of depression. The per-
cengates of positive screening did not differ by using the PHQ-2 and PHQ-9 
indicators (22% vs 22% p= 0.88). Patients with elevated depressive symp-
toms did not differ from those scoring below the cut-offs with respect to age 
(60±12 vs 60±11 yrs. p=0.86), diabetes duration (10±5 vs 10±7 yrs. p=0.94), 
type of diabetes (χ2 =0.60 p=0.44), insulin therapy (χ2=0.55 p=0.46), HbA1C 
values (7.5%±1.5 vs 7.3%±1.4) and BMI (30.2 kg/m2±5.4 vs 29.3 kg/m2±4.4 
p=0.21). There were more female patients in the subgroup indicative of de-
pression (χ2=11.6 p=0.0007). Thirty percent of patients positively screened by 
PHQ-2 versus 37% of those positively screened by PHQ-9 were confirmed for 
elevated depressive symptoms using a clinical interview (χ2 =0.04 p=0.85).
Conclusion: Finding elevated depressive symptoms in diabetic outpatients by 
using the PHQ-2 and PHQ-9 indicators was shown to be comparable with re-
spect to both positive screenings per se and their proportion as confirmed by 
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a more comprehensive diagnostic procedure. PHQ-2 could be recommended 
for routine use in diabetological check-ups in order to detect diabetic patients 
at a risk of depression.
Supported by: the Croatian Ministry of Science, Education and Sports

1000
Investigation of depressive symptoms in diabetic patients with and 
without micro- and macro-angiopathic complications
G. Nagy, B. Szémán, A. Máthé, T. Varga, A. Somogyi; 
II. Department of Internal Medicine, Semmelweis University, Budapest, 
Hungary.

Background and aims: The prevalence of depression is twice as common in 
diabetic patients compared to the general population. Chronic complications 
of diabetes are thought to be a factor in the increased prevalence of depres-
sion. In the present study our goal was to assess depressive symptoms in a 
group of diabetic patients with macroangiopathy (MA), microangiopathy 
(MI) and in patients without complications.
Materials and methods: 271 diabetic patients were enrolled in our study. 
Participants were further divided into subgroups taking in account gender 
differences and diabetic complications. Patients with a positive medical his-
tory for myocardial infarction, stroke, or obliterative atherosclerosis of the 
lower limb were considered to have macroangiopathy. Individuals with a his-
tory of diabetic retinopathy, nephropathy or neuropathy were considered to 
have diabetic microangiopathy. Thus we gained a male and a female group 
without macroangiopathic diabetic complications (ACM, ACF) and a male 
and female group with diabetic macroangiopathic complications (MAM, 
MAF) respectively. Similarly for microangiopathic complications a male and 
female group with (MIM, MAF) and without the complications (ICM, ICF) 
has been established. There was no significant difference between the groups 
in age, BMI, HgA1C and TSH levels. Short version of the Beck’s depression 
scale was used to evaluate depressive symptoms.
Results: Beck depression scores were higher in all female groups compared to 
males. Beck depression scores were significantly greater in both male groups 
with diabetic macro (ACM: 4,59±3,88 MAM: 6,44±3,96 p<0,05) and micro-
angiopathic complications (ICM: 3,05±2,89 MIM: 5,29±3,77, p<0,05) com-
pared to males without complications. This difference could not be detected 
in females regarding neither the macro (ACF Beck: 7,01±6,46 MAF Beck: 
9,22±5,8) nor the microangiopathic complications(ICF Beck: 7,02±4,72 MIF 
Beck: 7,8±6,00 ).
Conclusion: Both MA and MI complications increase depressive symptoms 
of male diabetic patients. Depression scores of females are greater regardless 
of their diabetic complications.
Supported by: ETT-448/2006 (A. Somogyi), Hungarian Diabetes Association 
(A. Somogyi)
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Web-based cognitive behavioural therapy for diabetes patients with co-
morbid depression: first findings
K.M.P. Van Bastelaar1, F. Pouwer2, P. Cuijpers3, F.J. Snoek1; 
1VU University Medical Centre, Amsterdam, 2Tilburg University, 3VU 
University, Amsterdam, Netherlands.

Background and aims: Depression is a common co-morbidity in people with 
diabetes, negatively affecting well-being and glycaemic outcomes. Research 
on treatment of depression in diabetes is limited. We are the first to have 
developed a diabetes-specific version of the online cognitive behavioural self-
help course “coping with depression”, which is currently tested in an ongoing 
randomised trial (ISRCTN24874457). Socio-demographic and clinical char-
acteristics of the patients who so far participated are being presented.
Materials and methods: The study is being advertised trough various me-
dia, including patient magazines and websites. Inclusion criteria are: 18 year 
or older, diagnosed with diabetes > 3 months ago, suffering from depressive 
symptoms, and sufficient language and computer skills. Exclusion criteria are: 
pregnancy, loss of significant other < 6 months ago, bi-polar disorder, using 
anti-psychotic medication, unstable antidepressant medication, co-morbid 
psychiatric disorder, history of suicide attempt, and current suicidal idea-
tion. Patients sign up online for enrolment in the study and fill out question-
naires online. Self-reported information is gathered on depression (CES-D), 
diabetes-specific emotional distress (PAID), perceived health status, diabetes 
self-care behaviours, and diabetes outcomes (HbA1c, episodes of hypogly-
caemia). If CES-D ≥ 16, patients are offered a telephone-administered diag-

nostic psychiatric interview (CIDI) for diagnosis of depression and/or anxi-
ety disorders and then enrolled in the study.
Preliminary Results: Between the 24th of June and the 18th of March 2009, 
293 participants signed up for our study. N=126 patients were excluded or 
dropped out, 20% due to not having elevated symptoms of depression (CES-
D < 16). Mean age was 41 ± 11 years for T1DM and 56 ± 10 for T2DM (range 
21 - 82); 61% was female; 91% of Dutch origin; 57% Type 2 diabetes, of which 
45% on insulin treatment. Self-reported mean HbA1c was 7.5% ± 1.1 (range 
4 - 13%); 25% did not know their HbA1c. Mean duration of diabetes 21 ± 12 
years for T1DM and 8 ± 7 for T2DM. Mean CES-D was 29 ± 8 (ranging from 
16 - 51), showing highly elevated symptoms of depression. Mean PAID score 
40 ± 19, indicating high levels of diabetes-distress. The telephone adminis-
tered CIDI was administered to 133 participants, where 59% suffered from 
Major Depressive Disorder (MDD), and 3% from Dysthymic disorder; 33% 
of the participants with depressive disorder were diagnosed with a co morbid 
anxiety disorder. Of the total group of participants, 12% was diagnosed with 
anxiety disorder only. Of all participants 40% reported a history of depression 
treatment.
Preliminary Conclusion: There has shown to be much interest in our on-
line treatment of depression in diabetes patients, including a small group 
with no clear depressive symptomatology. This may point at a need for more 
education on the interplay between diabetes and depression. The majority of 
participants was diagnosed with depressive disorder (DSM-IV), warranting 
anti-depressant therapy. In contrast to our expectation, patients reported only 
moderately elevated HbA1c levels. Objective HbA1c values will be retrieved 
for comparison to validate this finding. High diabetes-related distress found 
in this group however does suggest serious coping problems and confirms 
the need to address diabetes-related emotional issues as part of the depres-
sion treatment.
Supported by: Dutch Diabetes Research Foundation

1002
Long term follow up of a cohort of patients with diabetes and their first 
foot ulcer-effect of depression on mortality
D.K. Kariyawasam1, L. Leelarathna1, K. Winkley2, D. Stahl3, K. Ismail2,  
M.E. Edmonds1; 
1Diabetes Foot Clinic, King’s College Hospital, 2Department of Psychological 
Medicine,Institute of Psychiatry, King’s College Hospital, 3Department 
of Biostatistics,Institute of Pshychiatry, King’s College London, United 
Kingdom.

Background and aims: Diabetic foot ulcers, infection and lower limb ampu-
tation have a severe negative effect on health related quality of life and may 
cause depression in individuals with diabetes. There have been no population 
based studies starting with patients presenting with their first foot ulcer and 
followed up over several years to assess how psychological and biological fac-
tors interact with each other to influence adverse outcomes. The aim of this 
study was to evaluate whether depression is associated with increased mortal-
ity in people with their first foot ulcer at 5 years.
Materials and methods: A retrospective follow up of a previously described 
cohort of patients, who presented with their first diabetic foot ulcer, were re-
cruited from community and hospital foot clinics in south east London, UK. 
The original sample consisted of 253 patients prospectively followed up for 18 
months. Post 18 months the same sample was retrospectively followed up for 
5 years. At baseline, the Schedules for Clinical Assessment in Neuropsychia-
try 2.1(SCAN 2.1) was used to define those who met DSM (Diagnostic and 
Statistical Manual of Mental Disorders)-IV criteria for depressive disorder. 
Logistic regression analysis controlled for potential covariates; age; sex; mari-
tal status; socio-economic status; smoking; A1C; and University of Texas clas-
sification based- ulcer severity. The main outcome was mortality at 5 years.
Results: The prevalence of DSM-IV depressive disorder was 32.2% (n=82). 
There were 88 (34.8%) deaths at five years. Thirty seven patients out of the 
82 (40.2%) who were dead at 5 years had clinically significant depression at 
baseline. In the adjusted logistic regression analysis DSM-IV depression was 
associated with mortality (odds ratio 2.54, 95% CI 1.31-4.93) compared with 
the group with no depression
Conclusion: More than a third of people with their first foot ulcer suffer from 
depression, and this is associated with an increased mortality at 5 years.
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1003
Depression, coping strategies, metabolic control and compliance with 
diabetes care in diabetic patients
H. Parildar, O. Cigerli, N. Demirag Guvener; 
University of Baskent, Hospital of Istanbul, Turkey.

Background and aims: Diabetic patients must cope with a wide range of 
challenges specific not only to the disease but also to other conditions in their 
lives, which may influence self-management of diabetes and metabolic con-
trol. In this study, we aimed to investigate the psychological and metabolic 
states of diabetic patients and the coping strategies they use.
Materials and methods: This descriptive, cross sectional study included 110 
type 2 diabetic patients (62 female, 48 male) who were followed up in the 
Diabetes Outpatient Clinic of Baskent University. Demographic and clinical 
data were determined from questionnaires. Metabolic control was measured 
by glycosylated hemoglobin A1c (HbA1c) levels. The patients were asked to 
fill the Beck Depression Inventory (BDI) and Ways of Coping Questionnaire 
(WCQ). For statistical comparisons, Chi-square test, Independent sample T 
test and Pearson’s correlations test were used.
Results: The mean age was 57.9&plusmn10.5 (range, 36-85). Mean HbA1c 
was 7.1&plusmn 1.7 % (range, 5.3-13.1). A good compliance with treatment 
and diet was reported among 93 patients (90 %) and 60 patients (57.6 %), 
respectively. Seventy two patients (65.5 %) had received patient education 
about diabetes care. Thirty four (30.9 %) diabetic patients were found to be 
depressed. There was a negative correlation between depression scores and 
compliance with diet (r = -0.2, p=0.01). Beck depression scores were sig-
nificantly lower in patients receiving patient education about diabetes care 
(p&lt0.01) and having good compliance with treatment (p=0.03). The cop-
ing strategy most frequently used by the patients was problem solving-op-
timistic approach followed by fatalistic, escape, helplessness approaches in 
decreasing order of frequency. Patients who had Beck Depression Inventory 
scores 17 and over (moderate/severe depression) were more frequently us-
ing “fatalistic” and “helplessness” approaches as coping strategies. A positive 
correlation was found between female gender and depression scores (r =0.3, 
p=0.01), fatalistic approach (r =0.3, p&lt0.01) and helplessness approach (r 
=0.2, p&lt0.01). There was a positive correlation between depression scores 
and duration of diabetes (r=0.2, p=0.01). No correlation was found between 
HbA1c levels and type of diabetes treatment with depression scores and 
coping strategies. Also there was no correlation between new onset insulin 
therapy and depression scores.
Conclusion: Although the frequency of depression is consistent with that 
reported in the literature, it does not seem to effect glycemic control. Our 
data showed significant associations between depression scores, female gen-
der, emotional-negative coping strategies and poor compliance with diet or 
treatment in our patients. This suggests that positive- problem solving coping 
strategies may be important factors for successful diabetes self-care and treat-
ment. Additionally, we suggest supporting the patients by frequent monitor-
ing, educating and problem solving counseling could be the first line inter-
ventions in diabetes care.
Supported by: Baskent University

PS 88 Psychological aspects of 
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1004
Health-related quality of life and macrovascular comorbidities among 
diabetes patients in the United States
Y. Qiu1, A.Z. Fu2, L. Radican1; 
1Global Outcomes Research & Reimbursement, Merck & Co., Inc., 
Whitehouse Station, 2Department of Quantitative Health Sciences, 
Cleveland Clinic, United States.

Background and aims: Diabetes mellitus has been defined as one of the glo-
bal epidemics of chronic diseases by the World Health Organization. Patients 
with diabetes are at an increased risk of developing macrovascular disease. 
The purpose of this study was to examine the marginal impact of macrovas-
cular comorbidities on health-related quality of life (HRQoL) of patients with 
diabetes in a United States nationally representative sample.
Materials and methods: Using the pooled Medical Expenditure Panel Survey 
(MEPS) 2001 and 2003 data, a nationally representative adult sample (age 
≥18) was included in the study. The HRQoL outcomes included the SF-12 
physical component summary (PCS) score, SF-12 mental component sum-
mary (MCS) score, EQ-5D preference-based index score, and visual analog 
scale (VAS). Ordinary least square regressions were used to identify the rela-
tionship between macrovascular disease conditions and PCS (and MCS) after 
controlling for age, sex, race, ethnicity, education, income, smoking status, 
health insurance, proxy response, and number of other comorbid categories. 
Due to the distributions of the EQ-5D preference-based index and VAS score, 
censored linear deviations estimator (CLAD) regressions were employed. All 
statistics were adjusted using the proper sampling weight from the MEPS.
Results: The average PCS, MCS, EQ-5D index, and VAS scores for patients with 
diabetes were 40.5, 48.5, 0.75, and 66.6, respectively for the sample. Compared 
to diabetes patients without macrovascular comorbidities (N=2,809), those 
with macrovascular comorbidities (N=654) had statistically significant lower 
PCS (-3.38, p<0.001), MCS (-1.43, p<0.05), EQ-5D index (-0.024, p<0.05), and 
VAS scores (-4.93, p<0.001). Patients with diabetes also had significantly lower 
HRQoL outcomes than those without diabetes (N=43,326) (p<0.001).
Conclusion: In summary, macrovascular comorbidities significantly de-
crease HRQoL in patients with diabetes.
Supported by: Merck and Company, Whitehouse Station, USA

1005
Coping styles influence diabetes-related outcomes in newly diagnosed 
type 1 diabetic patients
E. Pietrzykowska, S. Pilacinski, A. Majchrzak, B. Wierusz-Wysocka,  
D. Zozulinska-Ziolkiewicz; 
Department of Internal Medicine and Diabetology, Poznan University of 
Medical Sciences, Poland.

Background and aims: Diabetes as a chronic condition influences many as-
pects of patients’ life. Treatment of diabetes should not only concentrate on 
metabolic control, but also on psychological adaptation to the disease and 
good quality of life. Thus, it seems important to identify subgroups of patients 
requiring particular counseling and support. The aim of our study was to as-
sess the influence of different ways of coping with stress on diabetes-related 
outcomes in newly diagnosed type 1 diabetic patients.
Materials and methods: A total of 152 adults with newly diagnosed type 1 
diabetes were recruited for the study (98 men, 54 women, aged 16-35, mean 
age: 24.8 ± 4.8 years). All patients were admitted to hospital, educated and 
treated with intensive functional insulin therapy. Shortly after diagnosis each 
participant’s coping styles were assessed with the use of Coping Inventory for 
Stressful Situations (CISS). Finally 108 patients (64 men, 44 women) were 
followed prospectively for 18.7 ± 7.2 months. At the end of the observation 
diabetes-related outcomes were evaluated including: HbA1c, acceptance of 
illness (Acceptance of Illness Scale) and quality of life (Quality of Life Ques-
tionnaire). Pearson’s correlation coefficients were calculated. Statistical analy-
sis was performed using Statistica 7.0 software.
Results: Task-oriented coping style at diagnosis correlated inversely with 
HbA1c value (r=-0.223, p=0.029). Emotion-oriented coping style correlated 
inversely with acceptance of illness (r=-0.334, p<0.0001) and quality of life 
(r=-0.283, p=0.003), but no association was found with HbA1c. Avoidance-
oriented coping style did not correlate with any of the investigated variables.
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Conclusion: The way of coping with stress may influence both objective 
(HbA1c) and subjective (acceptance of illness, quality of life) diabetes-related 
outcomes in newly diagnosed type 1 diabetic patients. Delineation of indi-
vidual coping styles might be useful for identifying patients at risk for poor 
adaptation to disease.
Supported by: Polish Ministry of Science and Higher Education

1006
Evaluation of personality with egogram in patients with diabetes
K. Tsuzawa, E. Sorimachi, M. Shimodaira, A. Fujita, M. Kametaka,  
K. Honda; 
Department of Hematology, Endorinology and Metabolism, Tokyo 
Metropolitan Hiroo General Hospital, Japan.

Background and aims: Previous studies suggest that some psychosocial fac-
tors affect on blood glucose (BG) control in patient with diabetes mellitus. 
However, we have few useful methods which enable us predicting effective-
ness of the treatment and the education on diabetic patients from psycho-
logical aspects. We examined ego state in diabetic patients with egogram, to 
clarify the influence of psychological factors such as ego state in BG control 
in diabetic patients.
Materials and methods: We evaluated ego state in 136 diabetic patients with 
the questionnaire, the Tokyo University Egogram version 2 (TEG-II). Ego 
state was assessed by calculating the scores of 5 components of ego, namely 
critical parent (CP), nurturing parent (NP), adult (A), free child (FC) and 
adapted child (AC). Of 136 diabetic patients, 71 patients had metabolic syn-
drome. Twenty-six patients had low compliance and resistance to any medi-
cal treatment despite of repeated administrations for education and treat-
ment (RT group). Sixty-seven patients were elderly (more than 64 years of 
age) patients. We evaluated ego state especially in these patients groups. All 
results are expressed as means + SEM. Statistical analysis was performed us-
ing Student’s t test. P values less than 0.05 were considered significant.
Results: FC scores in RT group (n=26) were significantly (p<0.05) higher 
than those in other patients (n=110) (15.11 + 0.60 vs. 13.70 + 0.40) and AC 
scores in RT group were significantly (p<0.05) lower than other patients 
(5.54 + 0.94 vs. 7.57 + 0.43). (FC - AC) scores in RT group were significantly 
(p<0.02) higher than other patients (9.58 + 1.35 vs. 6.14 + 0.65). Other 3 
scores of egogram did not have any significant differences between these 2 
groups. Each egogram score was not significantly different between patients 
with metabolic syndrome (n=71) and patients without metabolic syndrome 
(n=65). FC scores and (FC-AC) scores of elderly patients (n=67) were signifi-
cantly (p<0.01) higher (14.92 + 0.44 vs. 13.06 + 0.52, 8.93 + 0.64 vs. 4.72 + 
0.93) and AC scores were significantly (p<0.05) lower(6.00 + 0.46 vs. 8.33 + 
0.61)than younger patients (n=69). Thus, these results were similar to those 
observed in RT group. However, age was not significantly different between 
RT group and other patients (62. 46 + 1.56 vs. 63.52 + 0.49).
Conclusion: These results suggest that patients resistant to the education and 
the treatments have characteristic egogram pattern (high FC scores and low 
AC scores) and this seemed to be independent from aging. Such ego state 
can be one of factors which act to aggravate BG control in diabetic patients. 
Current data suggest that TEG-II give us useful information about personal-
ity of patients and it is helpful for us to make a program of education and 
treatment for each diabetic patient. We observed that elderly diabetic patients 
have similar characteristic egogram pattern. Further studies are expected to 
determine whether it is specific in diabetic patients or not.

1007
The youngest children with type 1 diabetes mellitus are affected with the 
same number of serious life events as children with diabetes recognized 
at later age
B.M. Zdunczyk1, A. Szypowska2, E. Pankowska2; 
1Clinical Child and Adolescent Psychology Department, Clinical Pediatric 
Hospital, Warsaw, 2The Department of Pediatrics, Medical University of 
Warsaw, Poland.

Background and aims: Stress is one of factors seen as contributing to dia-
betes development. Psychological stress due to a link to hormonal levels and 
nervous signals increases insulin resistance and affects immune system. It 
may contribute to the induction of type 1 diabetes mellitus (T1DM) related 
autoimmunity. In the last years the highest increase in the development of 
T1DM has been noted in children at the age 0-4 years old. Clinical observa-
tion and recent studies show the high incidence of stressful events before dia-

betes diagnosis. The aim of this study was to assess incidence rate of serious 
life events prior to diabetes diagnosis and examine if there is a difference in 
occurrence of such events between families of children with T1DM recog-
nized at the age < 5 years and > 5 years.
Materials and methods: There were included 347 participants: 123 parents 
of children (67 girls, 56 boys) with T1DM onset at the age < 5 years with the 
mean age 3,1 SD 1,4 ys (range 0-5) and 224 parents of children (108 girls, 116 
boys) with T1DM onset at the age > 5 years with the mean age 9,9 SD 2,8 ys 
(range 6-17). Parents completed a questionnaire during a routine visit in the 
outpatient clinic. The questionnaire, especially constructed for the purpose 
of this study, included questions about experience of serious life events which 
can cause chronic stress (as seen in Posttraumatic Stress Disorder).
Results: The number of serious life events totaled to 243 (in 60% of families) 
In both groups serious life events appeared more often within 2 year period 
before T1DM recognition: in 47% vs 13% of families (RR 0,3 95%CI 0,3-0,4 
p<0,0001). There was no difference in the number of families of children with 
T1DM recognized at the age < 5 years and > 5 years affected with serious 
life events 49% vs. 45% respectively. In <2 years before T1DM onset in both 
groups there were mostly 1 or 2 serious life events per family, without differ-
ence between groups. In both groups parents divorce was the most common 
serious life event which occurs in every 6th family. There was no statistical 
difference between groups in the number of serious life events except grand-
parents death (RR 0,9 95%CI 0,8-1, p=0,004).
Conclusion: 60% of families with children with T1DM have been affected 
by serious life events. The most serious life events occurred in the families 
within 2 year period before T1DM recognition. Children with T1DM onset at 
the age < 5 years were affected with the same number of serious life events as 
children with diabetes recognized at later age. Coping strategies for stress and 
attachment patterns should be carefully looked into in families of children 
with type 1 diabetes.

1008
Cognitive performance and chronic cerebral ischaemia in diabetes 
mellitus type 2
I. Semenova1, L. Chugunova1, A. Vorontsov1, A. Ilin1, A. Knyazeva1,  
M. Shestakova1, I. Dedov1, P. Kamchatnov2, A. Chugunov2; 
1National Research Center for Endocrinology, 2Neurology, Russian State 
Medical University, Moscow, Russian Federation.

Background and aims: Underlying mechanisms for decreased cognitive 
functions in patients with type 2 diabetes (DMT2) are unclear. Cerebral is-
chaemia is a risk factor for cognitive disorders and dementia. White matter 
lesions reflect cerebral small vessel disease and may account for cognitive im-
pairments in diabetic patients.The aim of the present study was to compare 
cognitive functions and brain magnetic resonans imaging (MRI) between 
type 2 diabetic patients and non diabetic control subjects and assess the rela-
tionship between early cognitive impairment and brain MRI characteristics 
in DMT2.
Materials and methods: Our study included 126 (42 men and 84 women) 
patients with DMT2 (age 50-75 years) and 20 (3 men and 17 women) control 
patients without diabetes and hypertension. MRI scan (T1,T2,Flair) was per-
formed to define white matter lesions(WMLs)as a marker of cerebral small 
vessel disease.Glycated hemoglobin (HbA1c),body mass index,systolic and 
diastolic blood pressure, biochemistry assay, albuminuria, neuropsychologi-
cal tests: Frontal Assesment Battery (FAB), Mini Mental State Examination 
(MMSE),Clock Drawing Test (CDT),”10 words”test were measured.
Results: WMLs were found in 122 DMT2 cases (97%) and in 7 control cases 
(35%),p=0,004. Patients with DMT2 performed worse results in all neuropsy-
chological tests, p<0,05. Early cognitive disfunction was found in 55%patients-
mild cognitive disorder (MCD). Structural brain white matter abnormalities 
were interfacing with: arterial hypertension duration (r=0,278 p=0,002), in-
tencity of carotid artery atherosclerosis (r=0,323 p=0,02),chronic inflamma-
tion (r=0,211 p=0,024),albuminuria (r=0,334 p<0,001), fibrinogen(r=0,351 
p=0,001), homocystein (r=0,254 p=0,018) and HbA1c (r=0,201 p=0,001). 
Periventricular lesions (PVLs) were inversely related with MMSE (r=0,279 
p<0,001). Deep white matter lesions (DWMLs) were inversely related with 
MMSE (r=0,239,p<0,001), test “10 words” (r=0,21,p=0,025) and with CDT 
(r=0,219,p=0,032).
Conclusion: Early cognitive dysfunctions were associated with WMLs on 
MRI-scan in patients with DMT2 and reflected the cerebral microangiopathy. 
Presens of MCD may be a clinical condition of chronic cerebral ischaemia.
Supported by: National research program
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1009
Patient reported outcomes in adults with type 2 diabetes using 
mealtime insulin monomer human (rDNA origin) inhalation powder or 
metformin+secretagogue or both
M. Peyrot1, R.R. Rubin2; 
1Loyola College, 2Johns Hopkins University, Baltimore, United States.

Background and aims: This study investigated whether Mealtime Insulin 
Monomer Human (rDNA origin) Inhalation Powder alone or in addition 
to Metformin+Secretagogue was associated with improved patient reported 
outcomes (PRO) over Metformin+Secretagogue alone.
Materials and methods: In this 24-week randomized, multicenter study 
adults with type 2 diabetes used Mealtime Insulin Monomer Human (rDNA 
origin) Inhalation Powder (MIMHIP; n=177), Metformin+Secretagogue (MS; 
n=162) or both (I+MS; n=169). At 12 weeks subjects not adequately control-
led with MIMHIP or MS were transferred to I+MS. PRO included: the SF-36, 
assessing health-related quality of life (HRQOL), and the Insulin Treatment 
Questionnaire (assessing diabetes worries and treatment satisfaction). Intent 
to treat (ITT) analysis used mixed effect models to estimate differences in 
mean group changes in PRO from baseline to week 12 (adjusted for baseline 
scores); t-tests assessed within-group change from baseline to 12 weeks in all 
groups and from 12 to 24 weeks in patients adding MIMHIP to MS.
Results: At Week 12 SF-36 mental health composite scores (MCS) increased 
(p=.0010) in MIMHIP but not in MS or I+MS; the difference in change be-
tween MIMHIP and MS was not significant in ITT analysis (p=.0612), but 
was in the per protocol population (p=.0233). MIMHIP improved more 
than MS in Role-Emotional scores (p=.0044). At Week 12 SF-36 physical 
health composite scores (PCS) increased in MIMHIP and I+MS and de-
clined in MS; although none of these changes were significant, the difference 
in change between I+MS and MS was significant (p=.0084). I+MS showed 
greater improvement than MS for Bodily Pain (p=.0148), Physical Function-
ing (p=.0020), and Role Physical scores (p=.0172); MIMHIP showed greater 
improvement than MS for Role-Physical scores (p=.0124). There were no 
changes in diabetes worries from baseline to week 12, and no differences in 
change. There was an increase in treatment satisfaction in MIMHIP (p=.0003) 
and I+MS (p<.0001); these improvements were greater than MS (MIMHIP 
p=.0116; I+MS p=.0009). There was no change in MCS, PCS or diabetes wor-
ries between weeks 12 and 24 among subjects who added MIMHIP to MS 
(n=79), but treatment satisfaction increased (p=.0007).
Conclusion: HRQOL and treatment satisfaction improved more among 
those taking Mealtime Insulin Monomer Human (rDNA origin) Inhalation 
Powder (with or without oral medications) than those taking oral medica-
tions only. Those who added Mealtime Insulin Monomer Human (rDNA 
origin) Inhalation Powder to oral medications during the trial experienced 
increased treatment satisfaction.
Supported by: MannKind Corporation

1010
The importance of parent and friends diabetes social support for 
adolescents with type 1 diabetes of different age and gender
J.A. Malik, H.M. Koot; 
Developmental Psychology, Vrije University, Amsterdam, Netherlands.

Background and aims: This study aimed to determine the instrumentality of 
diabetes social support in adolescents with type 1 diabetes mellitus.
Materials and methods: 437 adolescents (ages 11 to 19 years) with type 1 
diabetes participated in the present study. Multiple linear regression analysis 
was conducted to investigate moderating effects of emotional problems be-
tween diabetes related stress and support from parents and friends. Sample 
was categorized in four subgroups using a 2x2 design to test the effect of age 
and gender on importance of support from parents and friends.
Results: Results showed that Emotional Problems moderated the relation be-
tween Diabetes Stress and Parent Support (β = 0.125; p < .05), whereas they 
did not moderate the relation between Diabetes Stress and Friends’ Support. 
The results confirmed our hypothesis that the effect of Parent Support chang-
es direction in the presence of emotional problems which may represent au-
tonomy seeking. To investigate the potentially changing effects of Diabetes 
Social Support across gender and age, we developed a hierarchy of autonomy 
seeking based on the assumption of change in importance of support received 
from parents to friends across age. We assumed that younger girls are most 
prone to evoke parental support followed by younger boys and older girls 
who evoke less support from parents but more support from friends as com-

pared to younger girls and finally older boys, who are expected to evoke least 
support from parents but most support from friends as compared to the other 
three groups. We also assumed that younger adolescents and girls would get 
more support from parents and older adolescents and boys get more support 
from friends. As expected, for younger girls Emotional Problems appeared 
to moderate the relationship between Parent Support and Diabetes Stress (β 
= 0.24, p < .05, and ΔR2 = .04), whereas for older boys Emotional Problems 
appeared to moderate the relationship between Friends Support and Diabetes 
Stress (β = 0.27, p < .05, and ΔR2 = .06). Analysis for specific Parent Support 
factors showed that Emotional Problems moderated the relationship between 
Diabetes Stress and two aspects of Parents support: Guidance and Supervi-
sion (β = 0.24, p < .05, and ΔR2 = .04), and Encouragement for Self-care and 
Exercise (β = 0.25, p < .05, and ΔR2 = .04) only for younger girls. Analysis for 
specific Friends Support factors showed a moderation by Emotional Prob-
lems of the relation between Diabetes Stress and Friends’ Support: Guidance 
and Encouragement (β = 0.32, p < .01, and ΔR2 = .09), and Nourishment (β = 
0.33, p < .01, and ΔR2 = .10) only for older boys, whereas for remaining three 
factors (i.e., Help in Critical Situations, Empathy, and Exercise) emotional 
problems appeared to have no moderating effects.
Conclusion: Our results are helpful in resolving two critical issues; first they 
explain, how a positive factor of adjustment (i.e., Diabetes Social Support) 
may have negative consequences, and second, they enlighten the role of Par-
ent and Friends Support at different ages for girls and boys.

1011
Effects of gender, age, duration of diabetes on dietary self-care in 
adolescents with type 1 diabetes: a self-determination theory perspective
A. Nouwen1, S. Austin2, C. Senécal2, F. Guay2; 
1School of Psychology, University of Birmingham, United Kingdom, 2School 
of Psychology, Laval University, Quebec, Canada.

Background and aims: Evidence suggests that age, diabetes duration, and 
gender are important non-modifiable risk factors associated with non-ad-
herence, with older adolescent girls having more difficulties following their 
dietary plan than adolescent boys. However, little is known about the mecha-
nisms underlying these findings. Based on Self-Determination Theory (SDT), 
we hypothesized that for adolescent girls perceived support from parents or 
health care practitioners does not adequately map onto their needs for emo-
tional support. Alternatively, because of social pressures, older girls may feel 
less competent (self-efficacious) or motivated to follow a well-balanced diet.
The aims of the study were (1) to examine whether age, duration of diabetes 
and gender, and their interactions, were related to dietary self-care in adoles-
cents with type 1 diabetes; and (2) to test a theoretical model in which these 
non-modifiable factors influence perceptions of support from parents and 
health care practitioners, and, in turn, predict dietary self-care through moti-
vational resources (i.e., perceived competence and autonomy).
Materials and methods: 289 adolescents with type 1 diabetes (54% male), 
recruited from the outpatient clinics from two diabetes centres in Quebec 
City, Canada, completed questionnaires assessing perceptions of self-efficacy 
(competence), dietary motivation, support fostering autonomy from parents 
and health care professionals, and dietary self-care. Duration of diabetes and 
BMI were also assessed.
Results: Structural Equation Modelling analyses revealed that longer diabe-
tes duration and female gender were indicative of poorer dietary care. This 
effect was mediated by contextual and motivational factors as posited by SDT. 
Poorer perceived autonomy support from health care practitioners was pre-
dominant in girls with greater diabetes duration. Perceptions of autonomy 
and competence were associated with greater autonomy support and, subse-
quently, better self-care. The model was well supported by the data, χ² (121) 
= 132.194; p=.23; NNFI = 1.00; CFI = 1.00; RMSEA = .02 [.00; .03]; χ²/df 
ratio = 1.60.
Conclusion: The study shows that young patients who experience greater 
feelings of autonomy and competence toward dietary self-care, also display 
better dietary self-care. The study further indicates that, even if supporting 
actions of health care practitioners do not differ upon patient gender, girls 
who have diabetes for longer may perceive and evaluate these support ac-
tions quite differently. Correspondingly, health care practitioners may want 
to adapt the way they support adolescent girls with diabetes to attain more 
autonomy in dealing with their dietary self-care activities.
Supported by: the Canadian Institutes of Health Research (IRSC)
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1012
A holistic programme of cardiac rehabilitation is able to improve anxiety 
and depression in diabetic men with coronary heart disease
P.R. Blanc1, L. Mourot2, A. Boussuges3, S. Jowhry1, F. Riviere1, S. Chopra1,  
X. Debussche4; 
1Cardiac Rehabilitation, Sainte Clotilde, Reunion, 2University of Medicine, 
Besançon, France, 3Mediterranean University, Marseilles, Reunion, 
4Diabetology, Felix Guyon Hospital, Reunion.

Background and aims: Anxiety and depression are very common for car-
diac patients and have effects on the development of coronary heart disease 
(CHD). Moreover in patients with CHD, anxiety and depression influence 
the outcomes including an increased incidence of ischemic events and higher 
mortality. The aim of this prospective study was to evaluate the effects of a 
holistic ambulatory cardiac rehabilitation (CR) program on anxiety and de-
pression in diabetic’ men with CHD.
Materials and methods: 275 diabetic’ men with CHD (D) and 430 non dia-
betic’ men with CHD (ND) used as control group, with identical age (57.2 
+-9 / 54 +-55.5 +-11 years respectively) were included in the study. All pa-
tients performed a 6-week multidisciplinary holistic CR program including 
exercise training, psychological screening and support as well as education 
concerning lifestyle. Reasons of admission were: coronary heart disease ar-
tery bypass graft surgery (45%), angioplasty percutaneous coronary interven-
tions and stent (41%), angor pectoris or myocardial infarction (14%). Level of 
anxiety and depression were measured by the psychologist using the Hospital 
Anxiety and Depression (HAD) scale, before and after the cardiac rehabilita-
tion program.
Results: At baseline, prevalence of anxiety [HAD≥ 11] was similar in D and 
ND (31% vs 32%). The prevalence of depression [HAD≥ 8] was higher in D 
compared with ND (31% vs 24%, p<0.05)At the end of the program of CR, 
the entire population studied achieved significant improvements character-
ised by a statistically significant fall in anxiety/depression (HAD scale). The 
prevalence of anxiety [HAD≥ 11] was similar in D and ND (11% both). The 
prevalence of depression [HAD≥ 8] was higher but statistically insignificant 
in D compared with ND (10 vs 6%, p<0.08).
Conclusion: Our study confirms that anxiety and depression are frequent in 
men with CHD. The prevalence of depression is higher in diabetics compared 
to non diabetics. A holistic CR program including psychological screening 
and support is able to reduce significantly the level of anxiety and depression 
in both diabetics and non diabetics’ men. Our results emphasize the need to a 
systematic screening for depression particularly in diabetics and the positive 
impact of the CR which should be relevant to improve prognosis, even if it is 
needed to be confirm.

1013
Development of the diabetes treatment satisfaction questionnaire 
(DTSQ) for teenagers and parents: the DTSQ-Teen and the DTSQ-Parent
C. Bradley, K. Loewenthal, A. Woodcock, C. McMillan; 
Psychology, Royal Holloway, University of London, Egham, Surrey, United 
Kingdom.

Background and aims: To report psychometric development of the DTSQ-
Teen and -Parent, designed by Woodcock et al (2007) from the adult DTSQ 
using qualitative interviews with 14 teenagers with diabetes and 32 parents of 
children with diabetes. To compare the views of teenagers and their parents.
Materials and methods: The 12-item Diabetes Treatment Satisfaction Ques-
tionnaire for Teens (DTSQ-Teen) and the 13-item questionnaire for Parents 
(DTSQ-Parent) were completed by 38 adolescent offspring (aged 12-17 years) 
and 91 parents participating in a study by Pacaud et al (who provided base-
line data from their study for questionnaire development). Non-parametric 
tests were used when Kolmogorov-Smirnoff test indicated data not normally 
distributed. All probabilities are 2-tailed.
Results: All 13 items on the DTSQ-Parent, except perceived frequency (p. freq) 
of hyper- and hypoglycaemia, had loadings from between 0.509 and 0.746 on 
a forced one-factor solution of a principal components analysis. Cronbach’s 
alpha=0.787. Ten items retained for the new Treatment Satisfaction-Parent 
subscale (TS-Parent) were: satisfied, ease, flexibility, day treatment, liked activ-
ities, family life, understanding, low discomfort, medical support, continue treat-
ment; alpha=0.801. With the 12-item DTSQ-Teen (items as in the DTSQ-Par-
ent, except family life which teens do not view as affected by diabetes), factor 
loadings for all items except p. freq of hypoglycaemia and low discomfort were 
between 0.497 and 0.870 on a forced one-factor solution. When the p. freq 

hyper- and hypoglycaemia and control items were removed for comparability 
with the TS-Parent, alpha improved from 0.769 to 0.832, and to 0.856 when 
low discomfort was removed. A 2-item subscale, reflecting Perceived Diabe-
tes Control (PDC), emerged from unforced factor analyses extracting factors 
with eigenvalues >1. Loadings were 0.820 and 0.722 (Parent) and 0.809 and 
0.864 (Teen) for p. freq of hyperglycaemia and the control item. Alphas=0.567 
(PDC-Parent) and 0.768 (PDC-Teen). Comparison of parent and teen ratings 
on DTSQ items, the PDC and the TS subscales indicated moderate agree-
ment: Bivariate correlations between parent and teen ratings were significant 
for 6 of 12 items (p<0.05, r ranging from 0.38 to 0.67), and for each total sub-
scale score (PDC Spearman’s r=0.63, p<0.01; TS r=0.36, p<0.05). Differences 
between parent and teen ratings on the PDC scale were significant: mean 
% parent=55.3, teen=62.2 (Wilcoxon matched-pairs signed-ranks p<0.025). 
On individual items, parents over-estimated discomfort compared to their 
offspring (means on 0-6 low discomfort scale: parent=4.18, teen=4.99 (Wil-
coxon p<0.01) and assessed diabetes as less well controlled (means on 0-6 
scale: parent=3.93, teen=4.38, Wilcoxon p<0.05).
Conclusion: The DTSQ-Teen and DTSQ-Parent instruments include sub-
scales to measure diabetes treatment satisfaction which have clear structures 
and excellent internal consistency reliability in addition to content validity 
previously demonstrated. P.frequency of hypoglycaemia is treated as a single 
item. Analyses confirmed the importance of examining the teens’ reports, 
since these did not always relate closely to the parents’ reports, differing sig-
nificantly from them on PDC scale, and on two individual items. Both the TS 
and PDC measures are likely to be useful outcome measures in clinical trials 
of diabetes treatments for children and teenagers.
Funding for psychometric analyses from Health Psychology Research Ltd, Or-
chard Building, RHUL

1014
Personality traits in association with type 2 diabetes or pre-diabetes in 
Swedish middle-aged men and women
A.-K. Eriksson1, A. Ekbom1, P. Gustavsson2, F. Granath1, A. Hilding3,  
C.-G. Östenson3; 
1Dep. of Medicine, Clinical Epidemiology unit, 2Dep. of Clinical 
Neuroscience, Division of Psychology, 3Dep. of Molecular Medicine and 
Surgery, Endocrine and Diabetes unit, Karolinska Institutet, Stockholm, 
Sweden.

Background and aims: Personality traits such as hostility have been recog-
nized as risk factors for CHD. Whether hostility/antagonism or other person-
ality traits may influence the risk of type 2 diabetes is not extensively studied. 
The aim was to examine the association between personality traits and abnor-
mal glucose regulation (type 2 diabetes or pre-diabetes).
Materials and methods: This cross-sectional study comprised 2152 men and 
3143 women aged 43-66 years, in Stockholm Diabetes Prevention Program. 
All participants had been classified with normal glucose tolerance 8-10 years 
earlier and about 50% had a family history of diabetes (FHD). None had 
known type 2 diabetes. OGTT identified 316 and 213 women with type 2 dia-
betes or pre-diabetes (impaired fasting glucose, IFG; impaired glucose toler-
ance, IGT; and IFG+IGT). Personality traits were measured by questionnaire 
with five subscales evaluating facets of the Big Five personality factors, i.e. 
antagonism (low agreeableness), impulsivity (low conscientiousness), hedon-
ic capacity (high extraversion), negative affectivity (high neuroticism) and 
alexithymia (low openess). Each subscale comprised four items followed by 
a four-point Likert response format ranging from 1) “does not apply at all” to 
4) “applies completely”. The sum of each subscale was divided by the number 
of items included, and divided into three groups labelled “low” (<1 SD), 
“middle” (±1 SD) and “high” (>1 SD) according to the gender specific mean 
distributions. The middle group was considered unexposed to the particular 
personality sub-trait. OR’s and 95% CI’s were estimated in logistic regression 
for associations between personality sub-traits and abnormal glucose regula-
tion, adjusted for age, BMI, FHD, smoking, physical activity, socio-economic 
position and psychological distress.
Results: For men reporting low values on the antagonism scale the risk of 
having abnormal glucose regulation was reduced with 70% compared to men 
that scored in the middle group, age-adjusted OR 0.3 (CI 0.2-0.6), which was 
not altered when controlled for the other potential confounders. For high 
antagonism in men there was no association. In women, neither high nor 
low values on the antagonism scale were associated to pre-diabetes or type 
2 diabetes. For the hedonic capacity scale, men and women with high scores 
showed a 50% and 40% decreased risk of having abnormal glucose regulation, 
age-adjusted OR’s 0.5 (0.3-0.9) and 0.6 (0.4-1.0) respectively, which was not 
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changed when controlled for the other potential confounders. For the group 
reporting low hedonic capacity there were no associations, although in wom-
en an increased risk was observed, age-adjusted OR 1.7 (1.1-2.6) that was no 
longer significant when controlled for the other potential confounders, OR 
1.4 (0.9-2.4). The results for the alexithymia, impulsivity and negative affec-
tivity scales illustrated no significant associations in either men or women.
Conclusion: In this study, a reduced risk of abnormal glucose regulation was 
observed in men with low antagonism, and in men and women with high 
hedonic capacity. For impulsivity, negative affectivity and alexithymia there 
were no significant associations in either men or women.
Supported by: StockholmCountyCouncil, Swedish Council of Working Life and 
Social Research, NovoNordisk Scandinavia, GlaxoSmithKline Sweden

PS 89 Diabetes in the hospital
1015
Stress hyperglycaemia in a coronary intensive care unit
M.E. Ertorer1, F.E. Haydardedeoglu1, T. Erol2, I. Anaforoglu1, S. Binici2,  
N.B. Tutuncu1, A. Sezgin2, N.G. Demirag1; 
1Division of Endocrinology and Metabolism, Baskent University Faculty 
of Medicine, 2Department of Cardiology, Baskent University Faculty of 
Medicine, Adana, Turkey.

Background and aims: Newly diagnosed hyperglycemia (NDH) and stress 
hyperglycemia (SH) among hospitalized patients during acute illness is re-
ported as a non-physiological condition. Affected cases seem to have higher 
mortality rates and worse functional outcomes than the ones with known 
diabetes or normal glucose. The aim of this study is to determine the rate of 
NDH and SH among cases admitted to coronary ICU with coronary disease 
and to inquire the relationship of SH with disease severity and functional 
outcomes such as longevity of ICU stay.
Materials and methods: Patients with acute coronary syndrome (ACS) and 
myocardial infarction (AMI) admitted to our emergency room were re-
cruited consecutively. Admission plasma glucose (APG) and fasting plasma 
glucose (FPG); the first morning after admission, measurements were ob-
tained and each participant was subjected to capillary glucose measurement 
(CGM) every six hours within the first day. Patients were separated into 4 
groups: GROUP 1: Normoglycemic cases: No known diabetes, APG < 200 
mg/dl and FPG < 126mg/dl and all of the CGM < 200 mg/dl. GROUP 2: 
Newly diagnosed hyperglycemic cases: No known diabetes, APG > 200mg/
dl and/or FPG > 126mg/dl and/or any of the CGM > 200 mg/dl. Group 
2a: Unrecognized diabetes, hbA1c: >6.0% Group 2b: Stress hyperglycemia 
<6.0%. GROUP 3: Known diabetes. Age, gender, co-morbidities on admis-
sion, adverse outcomes in hospital, duration of stay in ICU, deaths, drugs, 
and glucose levels were all recorded. Throughout the hospital stay of Group 
2 and Group 3, CGMs were performed and treated when necessary (target 
glucose<180mg/dl). Acute Physiology and Chronic Health Evaluation II 
(APACHE-II); a severity of disease classification system was used for each 
case. Duration of ICU stay was categorized into two groups; ≤ 3 days and > 
3 days. A logistic regression analyses was performed using ICU stay as de-
pendent variable and age, groups, co-morbidity, additional problem in ICU, 
APACHE-II score and CGM were used as independent risk factors.
Results: A total of 494 patients; 321 (65%) men, 173 (35%) women with 372 
(75.3%) ACS and 122 (24.7%) AMI was included. There were 255 (51.6%) 
cases in Group 1, 82 (16.6%) in Group 2; 37 (7.5%) cases in Group 2a, 45 in 
Group 2b (9.1%) and 157 (31.8%) patients in Group 3. Group 2 had more 
cases with MI (n=35, 42.7%) (p=0.0001). On admission Group 3 had more 
patients with atherosclerotic co-morbidity (n=138, 87.9%) (p=0.001). The 
mean APACHE-II score were 11.9±2.9 in Group 1, 12.5±2.8 in Group 2a, 
14.1±4.2 in Group 2b and 13.1±2.9 in Group 3 (p=0.0001). The mean dura-
tion of ICU stay of the groups were 2.27 days (median:2, min:1-max: 9), 2.95 
days (median:3, min:1-max:6,), 4.56 days (median:3, min:1-max:25), and 3.03 
days (median:3.0, min:1-max:16), respectively (p=0.0001). Group 2b also ex-
hibited longer ICU stay than Group 1 (p=0.000) and Group 3 (p=0.03). Two 
(4.4%) cases in Group 2b and 8 (5.1%) in Group 3 died in hospital (p=0.608). 
In multiple logistic regression analysis, SH was shown to be an independent 
risk factor for the duration of ICU stay (OR:2.8, 95% CI:1.3-6.2).
Conclusion: In the present study, in accordance with literature, 16.6% of the 
cases had the diagnosis of NDH and 9.1% were found to be SH. The poor 
clinical pictures and functional outcomes of the SH cases pointed that these 
patients had to be considered more carefully.

1016
In hospitalized patients with diabetes mellitus screening for hereditary 
hemochromatosis by using transferrin saturation is cost effective
I. Vardarli1, T. Politz1, W. Schröter2, M.A. Nauck1; 
1Diabeteszentrum Bad Lauterberg, Bad Lauterberg im Harz, 
2Diabetologische Schwerpunktpraxis KVN, Osterode, Germany.

Background and aims: Homozygosity for C282Y mutation in hemochro-
matosis gene (HFE) is the major contributor to hereditary hemochromatosis 
(HH). In caucasians, the prevalence of this homozygote mutation is 0.1 to 
0.5 %. Due to incomplete penetrance, population-based screening in healthy 
subjects is not appropriate. However, in patients with diabetes the risk for HH 
is 5-fold higher. Therefore, screening in hospitalized patients with diabetes 
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may be relevant. To address this topic, in consecutive patients with all types 
of diabetes admitted to our institution, we determined the iron indices and 
assessed cost effectiveness of laboratory screening.
Materials and methods: In a prospective manner, for three consecutive 
months, phenotypic screening in 527 hospitalized diabetic patients was per-
formed by obtaining the iron indices. Genotyping of HFE gene (C282Y mu-
tation) was performed in patients with a transferrin saturation > 45 %. We 
assessed the diagnostic efficiency and the cost effectiveness of two strategies. 
The estimated total costs were based on costs for laboratory tests (reagents 
and manpower) for iron (2.23 €), transferrin (2.76 €) and ferritin (11.62 €) in 
serum and for genotyping of the HFE gene (180,70 €). (Strategy A) Preselec-
tion by elevated ferritin (> 400 ng/ml), followed by obtaining transferrin sat-
uration (iron in serum [µg/dl] / transferrin [mg/dl] x 70.9), and genotyping 
if transferrin saturation was elevated (> 45 %); (Strategy B) Determination 
of transferrin saturation in all patients, followed by genotyping if transferrin 
saturation was elevated.
Results: With strategy A, we identified 94 patients with elevated ferritin, 9 
of them had elevated transferrin saturation, and two of the latter were ho-
mozygous for the C282Y mutation. Costs were 15.60 € per patient, and 
4,109.55 € per identified case with HH. The positive predictive value for an 
elevated ferritin was 2.1 %. With strategy B, we identified 27 patients with 
elevated transferrin saturation, two of them were homozygous for C282Y 
mutation. The costs were 14.25 € per patient, and 3,754.32 € per identified 
case with HH. Positive predictive value for an elevated transferrin saturation 
was 7.4 %.
Conclusion: Due to relevant clinical consequences of non-treatment of HH 
and the costs for screening as determined by our analysis, we suggest that 
phenotypic (laboratory) screening is appropriate in patients with diabetes 
mellitus. Primary screening by using an elevated transferrin saturation is 
more efficient and cost effective.

1017
Initiation of glucose lowering therapy among hyperglycaemic patients 
without prior diabetes hospitalized for acute myocardial infarction
M. Kosiborod1, J.M. Stolker1, D.K. McGuire2, S.E. Inzucchi3, S.S. Rathore4, 
T.M. Maddox5, F.A. Masoudi6, F. Tang1, P.G. Jones1, J.A. Spertus1; 
1Cardiology, Mid America Heart Institute, Kansas City, 2Cardiology, 
University of Texas Southwestern School of Medicine, Dallas, 
3Endocrinology, Yale University School of Medicine, New Haven, 
4Cardiology, Yale University School of Medicine, New Haven, 5Cardiology, 
Denver VAMC/University of Colorado at Denver, 6Cardiology, Denver 
Health Medical Center & University of Colorado at Denver, United States.

Background and aims: Hyperglycemia is common in acute myocardial in-
farction (AMI) and predicts adverse outcomes, particularly in patients (pts) 
without known diabetes (DM). AMI hospitalization therefore represents an 
opportunity for DM recognition and initiation of antihyperglycemic therapy 
(AHT). However, the incidence, predictors, and the relationship between 
AHT and post-discharge glycemic control are unknown.
Materials and methods: TRIUMPH is a prospective registry of AMI pts from 
26 US centers; we analyzed AHT initiation among hyperglycemic pts (initial 
glucose ≥140 mg/dL) without known DM. AHT was defined as initiation of a 
new oral antihyperglycemic agent, exenatide, or insulin at discharge. Baseline 
HbA1c was measured during hospitalization; follow up HbA1c was obtained 
at 6 months in pts who consented. Independent predictors of AHT initiation 
were identified using hierarchical Poisson regression. Among pts with base-
line and 6-month HbA1c, the association between AHT and post-discharge 
glucose control was evaluated, adjusting for baseline HbA1c and hospital site.
Results: Between 2005-08, TRIUMPH enrolled 3469 pts of whom 601 (17%) 
had hyperglycemia and no known DM. HbA1c was assessed in 332 (55%) of 
these pts; the level was <7% in 271 (82%), 7-9% in 34 (10%), and >9% in 
27 (8%) pts. Overall, 56 hyperglycemic pts (9.3%) were initiated on AHT; a 
greater proportion of these pts had HbA1c assessment (95% vs 51%, p<0.001). 
Pts with AHT also had higher initial glucose (248 vs 174 mg/dL, p<0.001), 
fasting glucose (161 vs 114 mg/dL, p<0.001), HbA1c (8.8% vs 6.4%, p<0.001), 
and higher rate of intensive in-hospital insulin (23% vs 2%, p<0.001). Inde-
pendent predictors of AHT initiation are listed in the Figure. In 107 pts with 
complete baseline and 6-month HbA1c, AHT was associated with significant 
improvement in glucose control at 6 months (crude ΔHbA1c -2.5 ± 2.1% vs 
0.0 ± 0.5%, p<0.001; adjusted 6-month HbA1c 0.5% lower in pts with vs with-
out AHT, p=0.04).
Conclusion: Both HbA1c assessment and higher HbA1c levels are key predic-
tors of in-hospital AHT initiation after AMI in hyperglycemic patients with-

out known diabetes. When HbA1c assessment is performed, about one in five 
hyperglycemic patients without known diabetes have evidence of suboptimal 
or poor long-term glucose control. Initiation of AHT in these patients, while 
uncommon, is associated with significant improvement in post-discharge 
glucose control. 

Supported by: sanofi-aventis USA

1018
Prediction of glucose concentrations following cardio-thoracic surgery 
using continuous glucose monitoring
L. Schaupp1, J. Plank2, S. Korsatko2, G. Koehler2, M. Ellmerer2, T.R. Pieber2; 
1Institute of Medical Technologies and Health Management, Joanneum 
Research, Graz, 2Department of Internal Medicine Devision of 
Endocrinology and Nuclear Medicine, Medical University Graz, Austria.

Background and aims: The maintenance of near normoglycaemia is of fun-
damental importance for critically ill patients. Continuous glucose concen-
tration measurements could facilitate this by enabling glucose excursions 
to be detected at a stage early enough to allow adverse events to be avoided 
through corrective action. The aim of the present investigation was to ex-
amine the predictive power of continuous glucose data using simple linear 
extrapolation of the trend signal in critically ill patients.
Materials and methods: 20 patients (69±7 years, BMI 28.2±4.9 kg/m, 
APACHE II score 10.1±3.2) with a blood glucose level >120 mg/dl (6.7 
mmol/l) upon admission to the ICU were included in the trial. Glucose was 
continuously monitored using microdialysis coupled with a glucose sensor. 
In parallel, throughout the study period (up to 48 hours) whole blood sam-
ples were collected at hourly intervals via an arterial line. The prediction ho-
rizon was determined by extrapolation of the actual linear trend and assessed 
in two ways: 1) Analytical assessment: the degree of divergence between the 
predicted glycaemia and corresponding reference values was calculated us-
ing the Root mean squared error (RMSE). 2) Clinical assessment: the predic-
tive power of continuous sensor glucose readings with respect to the refer-
ence glucose values was clinically evaluated by Insulin Titration Error Grid 
(ITEG) analysis.
Results: A total of 538 hours of continuous glucose measurement data were 
analysed. These correlated very well with the conventional blood glucose ref-
erence measurements (mean of residuals: 5.4 mg/dl; relative system error: 
4.03%; mean absolute relative difference (MARD): 1.27 %). This correlation 
was mirrored by a high degree of clinical reliability: when analysed using the 
ITEG, 98.66% of the data were located in the acceptable treatment zone. A 
first estimate of a reasonable prediction horizon (PH) - 17.6 ± 4 min - was de-
rived as the mean time interval between successive peak maxima and trough 
minima. A prediction horizon of 37 min was associated with an increase in 
the root mean squared error of 10 mg/dl. In clinical terms, a strong increase 
in the number of data points in the unacceptable violation zone was observed 
when the prediction horizon exceeded approximately 20 min.
Conclusion: Our data provide evidence that simple linear extrapolation of 
glucose trend information obtained by continuous glucose monitoring can be 
used to predict the course of glycaemia in critically ill patients for up to 20 to 
30 minutes. This “glimpse into the future” can be used to proactively prevent 
the occurrence of adverse events.
Supported by: an unrestricted grant from Roche Diagnostics



S 400 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

1019
Risk factors for hypoglycaemia in patients with diabetes during 
continuous intravenous insulin infusion in hospital setting
A. Ignaczak, M. Saryusz-Wolska, E. Szymanska-Garbacz, M. Loba,  
L. Czupryniak; 
Diabetology and Metabolic Diseases Dept, Lodz, Poland.

Background and aims: Continuous intravenous insulin infusion (CIVII) is 
often used in hospital setting in the treatment of poorly controlled diabetes. 
Hypoglycemia, especially with rapid onset and of severe intensity, is the most 
common adverse event of this mode of diabetes treatment. The aim of this 
prospective study was to identify risk factors of hypoglycemia during CIVII.
Materials and methods: The study group was 200 patients with type 1 
and type 2 diabetes treated with CIVII at the university hospital depart-
ment (mean age 55±16 years, BMI 29.3±6.4 kg/m2, diabetes duration 
10±9 years, HbA1c 10.1±2.5%). CIVII consisted of basal insulin infusion 
and three 90-min insulin boluses per day administered at the meal time. 
The boluses consisted of three time periods (20+20+50 min),each with 
different rate of insulin infusion, which was adjusted individually to the 
meal absorption and postprandial glucose. In normal conditions capil-
lary blood glucose was measured every 90-120 min throughout the day 
and night. Hypoglycemia was diagnosed if capillary blood glucose was 
<60 mg/dl or when CIVII was stopped due to the symptoms of hypogly-
cemia.
Results: Mean duration of CIVII was 3.8±1.5 days. 135 episodes of hypogly-
cemia were noted in 48 (24%) patients. Duration of diabetes in the patients 
with hypoglycemia was significantly longer than in the patients in whom hy-
poglycemia did not develop (12.4±10.8 vs 9.2±8.2 years; p<0.05), the former 
had also lower body weight (74.2±15.6 vs 83.9±19.8 kg; p<0.01; BMI 27.0±5.9 
vs 30.0±6.4 kg/m2; p<0.01) than patients without hypoglycemia. The strong-
est risk factor for hypoglycemia was having type 1 diabetes (hypoglycemia 
occurred in 48% patients with type 1 and 20% with type 2 diabetes), particu-
larly of long duration (14.3±12.4 vs 6.8±7.6 years in type 1 diabetes without 
hypoglycemia; p<0.01). Degree of metabolic control, presence of late diabetes 
complications, kidney, gastrointestinal tract, neurological or cardiovascular 
diseases or complications as well as insulin dose per kilogram of body weight 
did not contribute to the risk of hypoglycemia.
Conclusion: Patients with long-standing type 1 diabetes are at particularly 
high risk of hypoglycemia occurrence during CIVII, regardless of present 
complications or significant co-morbidities. CIVII should be used in this 
group of patients with utmost caution.

1020
Glucose variability predicts mortality in the ICU
J.H. DeVries1, J. Hermanides1, T.M. Vriesendorp1, R.J. Bosman2,  
D.F. Zandstra2, J.B.L. Hoekstra1; 
1Academic Medical Centre, 2Onze Lieve Vrouwe Gasthuis, Amsterdam, 
Netherlands.

Background and aims: Mounting evidence suggests a role for glucose vari-
ability in predicting ICU mortality. We investigated the predictive value of 
glucose variability for ICU death across several ranges of mean glucose.
Materials and methods: Two measures of variability, Mean Absolute Glu-
cose change per hour (MAG) and standard deviation (SD), were calculated 
as measures of glucose variability from patients admitted to an 18-bed medi-
cal/surgical ICU from 2004 to 2007. Readmissions, patients with a withhold-
ing care policy and patients with only one glucose value measured during 
admittance were excluded. Patients were treated with a computerized insulin 
algorithm (target glucose range 4-7 mmol/l).
Results: Mean age was 65 ± 13 years, 34% was female and 6.3% of patients 
died in the ICU. MAG was a stronger predictor for ICU death than SD; crude 
Odds Ratio (OR) (highest vs. reference quartile) for ICU death 7.7 (95% CI 
5.2-11.6) and 5.8 (4.0-8.4), respectively. In multivariate logistic regression, 
OR’s for death in the ICU were calculated for quartiles of mean glucose, with 
quartiles of glucose variability as covariate, correcting for age, sex, diabetes 
mellitus and mean sequential organ failure scale (SOFA) during admittance. 
The highest OR for ICU death was found in patients with the highest MAG 
in the upper glucose quartile: OR 15.1 (95% CI 4.8-47.2, p<0.001). The OR’s 
for ICU death were equally low in the lowest MAG quartile, independently 
of the mean glucose.
Conclusion: High glucose variability is a strong predictor of ICU death, even 
more in combination with increased mean glucose levels. Low glucose vari-

ability seems protective, even when mean glucose levels remain elevated de-
spite glucose lowering therapy.

1021
Screening of cardiometabolic risk factors in patients with severe 
enduring mental illness: results and potential
S.G. Anderson1, P. Narayanan2, Z. Qureshi2, S. Bujawansa2, H. Knapman3, 
A.H. Heald2; 
1The University of Manchester, 2Leighton Hospital, Crewe, 3Kiltearn Medical 
Centre, Nantwich, United Kingdom.

Background and aims: People with severe enduring mental illness (SMI) 
are reported to be twice as likely to die from cardiovascular disease (CVD) 
than those in the general population with the excess mortality even higher 
in younger individuals. In a meta-analysis of 18 international studies, 60% of 
the excess mortality of schizophrenia was attributable to physical illness, with 
CVD being the major contributor.
Materials and methods: We report the implementation of a primary care 
programme of screening and intervention for cardiometabolic risk factors 
in one region of the UK. This involves incentivation of General Practioners 
by the UK Department of Health through the Quality and Outcomes Frame-
work (QOF). Data search was performed using a database generated through 
the EMIS software provider.
Results: 453 patients (55.8% male 44.2% female) on the SMI Register in 
Cheshire, UK were screened for dysglycaemia (screening rate 57.3 %) and 
dyslipidaemia (screening rate 36.2%). There were no differences in BMI by 
gender, but a greater proportion of women (25% vs 20%) were obese (BMI 
≥ 30 kg/m2). Fasting glucose was in the impaired fasting glycaemia range 
(6.1-6.9mM) in 6.5% of those screened and at or above the threshold for type 
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2 diabetes (7.0mM) in 17.3% of the group. Fasting serum cholesterol was 
high at >5mmol/L in 62.8% of those screened for whom the mean cholesterol 
was 6.2±0.8 mmol/L). Despite high rates of dysglycaemia and dyslipidaemia, 
systolic blood pressure was high at >140mmHg in only 13% of those exam-
ined. Multivariate linear regression analyses revealed a direct relationship 
between fasting glucose levels and BMI (Spearman’s rho = 0.22, p<0.001) 
independent of age, sex, systolic blood pressure and fasting cholesterol and 
triglycerides.
Conclusion: Screening in SMI patients for cardiometabolic risk in a Primary 
Care setting is feasible. However screening rates need to be improved. The 
relatively low prevalence of hypertension is likely a consequence of the alpha 
1 receptor blocking properties of many neuroleptics. There is scope for cardi-
ometabolic risk reduction with targeted intervention in this group, with po-
tentially significant associated reduction in CVD mortality. Any programme 
must include active lifestyle measures to encourage weight reduction in addi-
tion to pharmacotherapy.

PS 90 Diagnostic tools
1022
Urinary myoinositol index: a new and better marker for postprandial 
hyperglycaemia
M. Miyagi1, K. Kuboki1, T. Matsumoto1, N. Masai1, M. Sue1, A. Yoshihara1, 
K. Iso1, E. Murakami2, G. Yoshino1; 
1Division of Diabetes, Metabolism and Endocrinology, Department of 
Internal Medicine (Omori), Toho University School of Medicine, 2Clinical 
Laboratory, Toho University Medical Center Omori Hospital, Tokyo, Japan.

Background and aims: A growing body of evidence suggests that reducing 
postmeal plasma glucose (PG) excursions as well as achieving HbA1C goals 
is important for the prevention of the cardiovascular disease. Therefore, we 
examined the relationship between postprandial hyperglycemia and HbA1C, 
plasma 1,5-anhydroglucitol (1,5-AG) or urinary mioinositol index (UMI) in 
patients with type 2 diabetes mellitus (T2DM).
Materials and methods: Fifty-eight T2DM patients (18 males and 40 fe-
males) were enrolled in this study. The patients with renal or hepatic dis-
ease, using insulin or α-glucosidase inhibitors, and with HbA1C above 8.0% 
were excluded. Test-meal tolerance test was done after informed consent was 
obtained. Test-meal consists of carbohydrates 51.4% (57.6g), protein 15.3% 
and lipid 33.3% with total energy of 460kcal. Plasma 1,5-AG was measured 
by a fully enzymatic method, and UMI by an improved enzymatic cycling 
method.
Results: Their age, BMI and waist circumference were 67.6 ± 7.9 year-old, 
24.9 ± 3.8 kg/m2, and 90.2 ± 10.4 cm, respectively. Fasting, 1- and 2-hour 
postmeal PG were 130 ± 23 (7.2 ± 1.3), 178 ± 46 (9.9 ± 2.6) and 149 ± 49 mg/
dl (8.3 ± 2.6 mmol/l), respectively. HbA1C, 1,5-AG and 2-hour UMI (three PG 
markers) were 6.3 ± 0.6 %, 11.9 ± 5.7 µg/ml and 52.0 ± 35.9 mg/gCr, respec-
tively. The correlation coefficient (r) between 1-h PG and three PG markers 
were 0.558, 0.256, 0.496, and that between 2-h PG and the three PG markers 
were 0.605, 0.306, 0.606, respectively.
Conclusion: Myoinositol is one form of inositol; inositol is a circular D-glu-
cose isomer. Myoinositol concentrations in blood or in urine are reported to 
be higher in patients with diabetes or chronic renal failure than in healthy 
individuals. It’s concentration in biological samples has been measured by 
various methods, but it has been difficult to measure accurately. We used 
the above-mentioned, easy-to-use and highly sensitive method. We calcu-
lated a urinary mioinositol/creatinine ratio as UMI at 2-h after meal load. 
When UMI was measured hourly from fasting until 3 hours at the time of 
75g-OGTT for patients with normal glucose tolerance (GT), impaired GT 
and diabetes, its peak was with 2-h urine in any case though UMI admitted 
rising according to the level of the GT. The advantages of UMI are to collect 
samples noninvasively, and to respond rapidly to changes in PG. In this study, 
1-h PG was higher than 2-h, but these three PG markers were better related 
to 2-h PG than to 1-h. Then, the r between 2-h PG and UMI was higher than 
that between 2-h PG and 1,5-AG or HbA1C. Recently, HbA1C, glycoalbumin, 
1,5-AG and PG are the mainstream as markers for glycemic control. In these 
markers, 1,5-AG has been proposed as a marker for postmeal hyperglycemia. 
However, in this study the r between postmeal PG and 1,5-AG was lower 
than that between postmeal PG and 2-h UMI. Although HbA1C is also a good 
marker for 1- or 2-h PG, it neither accurately reflects transient elevations of 
glucose within a few days, nor responds quickly to changes in PG. In conclu-
sion, UMI seems to be a better marker for monitoring postprandial hypergly-
cemia in comparison with plasma 1,5-AG or HbA1C.

1023
Assessing postprandial hyperglycaemia and glucose variability. The 
ADAG study
R. Borg1, J.C. Kuenen2, B. Carstensen1, J. Nerup1, K. Borch-Johnsen1,  
H. Zheng3, R.J. Heine2, D.M. Nathan3, D.R. Witte1; 
1Steno Diabetes Center, Gentofte, Denmark, 2VU Medical Center, 
Amsterdam, Netherlands, 3Harvard Medical School, Boston, United States.

Background: Glucose variability and postprandial hyperglycaemia have been 
implicated in risk of cardiovascular disease in patients with diabetes. How-
ever, little information exists on the relationship between the different indices 
of glycaemia.
Materials and methods: 507 participants (268 with type 1 diabetes, 159 with 
type 2 diabetes, 80 without diabetes) from the ADAG (A1c Derived Average 
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Glucose) study underwent intensive glucose monitoring during 16 weeks. 
For each participant, approximately 2,700 glucose values were obtained us-
ing continuous glucose monitoring (CGM) and seven-point self-monitored 
capillary blood glucose (SMBG) on different days. HbA1c was measured. 
We derived common indices of postprandial glycaemia, over-all hypergly-
caemia and glucose variability and studied their association. A combined 
CGM/SMBG average blood glucose (BG) was calculated. Intraday glucose 
variability indices were calculated from CGM: the Mean Amplitude of Gly-
caemic Excursions (MAGE) and the Continuous Overlapping Net Glycaemic 
Action (CONGA). The standard deviation (SD) was calculated from CGM 
and SMBG data
Results: CONGA calculated with 1, 2, 4, and 6 hour windows showed strong 
intercorrelation. The CONGA4 and CGM SD are both strongly related to 
MAGE with correlation coefficients of 0.97. The SMBG variability index (SD) 
relates with the CGM indices MAGE, CGM SD, and the CONGA4 with cor-
relation coefficients of 0.88, 0.90, and 0.88, respectively. Selected correlations 
are shown in the figure. For postprandial indices, the area under the glu-
cose curve (AUC) calculated from CGM 2 hours after a meal is related to the 
SMBG postprandial measurements with a correlation coefficient of 0.94. FBG 
only correlates moderately (correlation coefficient between 0.69 - 0.76) with 
indices of hyperglycaemia, average or postprandial BG levels.
Conclusion: As expected, the different indices of glycaemic variability, aver-
age and post-prandial glycaemia correlate within each category and moder-
ately between categories. In particular, the variability indices do not correlate 
strongly with indices of fasting, postprandial or elevated BG. This suggests 
that the variability indices convey different information from the other in-
dices of hyperglycaemia, average or postprandial BG levels (shaded area of 
figure). FBG only has a moderate correlation with other indices of glycaemia, 
indicating that it is not a clear indicator of general glycaemia. Within the 
categories, SMBG derived indices are strongly correlated with those derived 
from CGM, indicating that much information regarding postprandial BG 
levels and glucose variability is captured by 7-point profile SMBG.

Pairwise scatter diagrams illustrating selected Correlations of Glycaemic in-
dices with Pearson correlation coefficients (ρ) for each pair.
Supported by: EFSD, ADA, Abbott Diabetes Care, Merck & Company, Bayer 
Healthcare, Lifescan, GlaxoSmithKline, Medtronic, sanofi-aventis, Hemocue

1024
Analytical and clinical evaluation of Lucica GA-L plasma glycated 
albumin assay in subjects with and without diabetes 
S. Shah1, C. Collison2, H. Thabit1, L. Blake2, K. Wanic1, V. Crowley2,  
J.J. Nolan1; 
1Endocrinology, Metabolic Research Unit, 2Biochemistry Department, 
Dublin, Ireland.

Background and aims: The measurement of glycated proteins, including 
HbA1c and plasma glycated albumin (PGA), is a key indicator of glycaemic 
status in diabetic patients. PGA specifically provides a useful measure of 
short-medium glycaemic control and may also provide alternative informa-
tion on the risk of the long-term hyperglycaemic-related complications of 
diabetes.The objective of this study was to undertake both an analytical and 
clinical evaluation of a new robust enzymatic assay for PGA in a healthy non-
diabetic cohort (controls) and in a cohort with diabetes.
Materials and methods: PGA was measured using a Lucica GA-L Glycated 
Albumin assay (Asahi Kasei Pharma Corporation) on a Roche Modular-P 
platform. Control samples were obtained from our Irish Construction Work-
er cohort and diabetes samples from our Case Control cohort. The baseline 
characteristics of the two cohorts are outlined in Table 1.Data are expressed 
as Mean (SEM) or *Median (IQR)
Results: The analytical performance of the assay was very satisfactory with 
(1) intra-assay precision between 0.9-1.2% and (2) interassay precision be-
tween 0.8-1.8%, across a range of concentrations. The reference range for 
PGA, established using healthy non-diabetic Irish control subjects (n=87), 
was 8.9% - 14.6%. PGA levels were significantly elevated in diabetic subjects 
[median (IQR) 17.0% (14.1% - 19.8%)] compared with non-diabetic control 
subjects [median (IQR) 11.0% (10% - 12%)] (P<0.005). In addition, a signifi-
cant correlation was found between PGA and fasting plasma glucose in the 
whole cohort (r=0.58, p<0.05), while PGA was significantly correlated with 
HbA1c (r=.70, p=<0.005) in diabetics only.
Conclusion: The Lucica GA-L enzymatic assay is a robust and reproducible 
analytical method for routine measurement of PGA. Furthermore in a cross 
sectional evaluation it clearly differentiated diabetic and non diabetic sub-
jects, indicating its clinical value as a marker of glycaemic status.

Table 1
Control (n=184) Diabetes (n=158) p value

Age (Years) 40.0 (0.1) 61.3 (1.06) <0.005
Male/Female 98/86 101/57 ---
HbA1c (%) 5.4 (0.05) 7.6 (0.14) <0.005
*Glycated Albumin (%) 11.0 (10.0-12.0) 17.0 (14.1-19.8) <0.005

1025
The validity of the CPR index (CPI) in selecting treatment in a patient 
with type 2 diabetes mellitus
M. Iwata, Y. Kamura, Y. Fukushima, C. Kobashi, A. Takikawa, T. Okazawa, 
M. Ishiki, I. Usui, K. Yamazaki, M. Urakaze, K. Tobe; 
Toyama University, Japan.

Background: Evaluation of residual pancreatic beta-cell function is impor-
tant in choosing appropriate treatment for diabetic patients, especially de-
ciding whether insulin treatment is required for controlling type2 diabetes. 
The homeostasis model assessment-β(HOMA-β) and urinary C- peptide 
collected during 24hours (U-CPR), have been so far widely validated clini-
cal and epidemiological tools for estimating beta-cell function. Recently, we 
proposed that CPR index (CPI), which is derived from following equation 
[=fasting serum C-peptide (F-CPR)/ fasting plasma glucose (FPG) x 100], 
was a useful marker of insulin secretion. In this study, we examined whether 
CPI is correlated with HOMA-β, F-CPR in a general population. Then, we 
further examined the validity of the CPI by comparing these indices in decid-
ing which treatment is suitable for patients with type 2 diabetes mellitus.
Group1; Subjects were 658 adult subjects (average age±SD 64.9±10.1 years, 
range: 31-88 years old: 290 men, 368 women) who had received medical ex-
amination in 2008 at Fuchu town, Toyama Prefecture, central Japan. Group2; 
Subjects were 160 (average age±SD 62.9±12.1 years, range: 28-86 years 
old:114 men, 56 women) inpatients with type 2 diabetes mellitus admitted to 
the University of Toyama hospital for controlling glycemic control. In group1: 
we analyzed relationship between HOMA-βand F-CPR or CPI by simple cor-
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relations. In group2: we calculated the CPI in 160 inpatients measuring FPG 
and F-CPR on the second or third hospital day. They were divided into three 
groups according to the therapy they received at 3 months after discharge: 
insulin treatment; n=86 (Insulin group), oral medication; n=50 (O group), 
and diet therapy; n=24 (D group). We determined CPI cutoff levels between 
Insulin group and O+D group by histogram and compared the power of CPI, 
F-CPR, U-CPR and HOMA-β to predict requirement of insulin therapy by 
receiver operating characteristic (ROC) analysis.
Results: In group1, both F-CPR and CPI were significantly and positively cor-
related with HOMA-β. However, the correlation coefficient with HOMA-β was 
significantly greater for CPI (r=0.76) than for F-CPR (r=0.59) (p<0.05). CPI, 
F-CPR, U-CPR and HOMA-β in Insulin group were significantly lower than 
those of O+D group: CPI(I: 1.05±0.59 vs O+D: 1.91±0.99, p<0.01),HOMA-
β(I: 20.89±21.06 vs O+D: 53.67±35.22, p<0.05),F-CPR(I: 1.84±0.93 vs O+D: 
2.37±0.87 , p<0.01),U-CPR(I: 42.24±30.71vs O+D: 57.87±30.72, p<0.01). 
ROC analysis has shown that the area under the curve (AUC) of CPI was 
significantly larger than that of F-CPR and U-CPR (p<0.05). The AUC of 
CPI and HOMA-β were comparable. Histogram of CPI and HOMA-β has 
shown that insulin treatment is required to control diabetes in patients with 
the CPI≤1.00 or HOMA-β≤13.69, but not in those with CPI≥1.86 or HOMA-
β≥44.55.
Conclusion: CPI and HOMA-β were significantly correlated with each other. 
ROC analysis revealed that those two indices are useful for a clinical decision 
of whether insulin was required for controlling Japanese type 2 diabetic pa-
tients. When we decide an appropriate therapy in patients with type2 diabetes 
mellitus, the CPI may be useful because it is an index calculated simply.

1026
Evaluation of exocrine pancreatic function in patients with type 1 and 
type 2 diabetes
T.T. Várkonyi1, A. Szabolcs1, V. Szidor1, A. Szász1, É. Börcsök1, C. Lengyel1, 
T. Takács1, P. Kempler2, T. Wittmann1; 
11st Department of Medicine, University of Szeged, 21st Department of 
Medicine, Semmelweis University, Budapest, Hungary.

Background and aims: Although the impairment of pancreatic exocrine 
function in patients (pts) with non-pancreatic diabetes (DM) is documented, 
its incidence and consequences are not clearly known. The aim of our study 
was to assess the exocrine pancreatic function in pts with type 1 or 2 DM.
Materials and methods: The stool elastase activity of 146 pts with non-pan-
creatic DM was measured. Cardiovascular reflex tests (CRT), peripheral 
sensory function (applying Neurometer; Neurotron Inc. Baltimore, MD), 
retinopathy, HbA1c, BMI, microalbumin excretion (MAU) were measured 
and the quality of life (QoL) was assessed by an EORTC QLQ-C30 question-
naire.
Results: 28% of all pts had an affected exocrine pancreatic function. Two 
groups (n=21 and n=10) were selected from pts based on decreased or normal 
elastase (mean elastase of pts: 141±11 vs 417±37 μg/g, p<0.00001). The dura-
tion, age, BMI, HbA1c, MAU and retinopathy frequency did not differ sig-
nificantly between the groups: (duration: 16.2±2.7 vs 16.3±3.6 years, p=0.98; 
age: 58.7±2.6 vs 60.3±4.3 years, p=0.74; BMI: 27.4±1.98 vs 30.5±1.27, kg/m2 
p=0.08; HbA1c: 8.25±0.3 vs 8.98±0.2 % p=0.17; MAU: 20 vs 16 % p=0.98, 
retinopathy: 50 vs 48 %; p=0.93 decreased vs normal elastase group). A CRT 
(30/15 ratio) was lower in pts with impaired elastase (0.98±0.01 vs 1.03±0.02, 
p=0.04), but differences in the overall autonomic neuropathy (AN) scores 
were not significant (AN score: 4.35±0.75 vs 3.9±0.38, p=0.50). The threshold 
of perception of both limbs showed a non-significant tendency to increase 
in pts with low elastase (n. medianus 2000 Hz: 3.07±0.6 vs 2.49±0.55 mA, 
p=0.64, 250 Hz: 2.26±0.6 vs 0.96±0.2 mA p=0.16, 5 Hz: 1.68±0.63 vs 0.66±0.2 
mA p=0.42, n peroneus: 2000 Hz: 5.10±0.76 vs 3.61±0.87 mA p=0.24, 250 Hz: 
3.91±0.81 vs 2.1±0.78 mA p=0.26, 5 Hz: 2.82±0.8 vs 1.85±0.75 mA p=0.42). 
Qol scores were not significantly different between the groups.
Conclusion: Decreased stool pancreatic elastase activity can be found in 
almost one third of diabetic patients, and it might be related to a neuronal 
dysfunction without affecting further complications. Prospective trials with a 
higher number of patients and the investigation of the effect of enzyme sub-
stitution are needed to clarify the clinical role of exocrine pancreas function 
in non-pancreatic diabetes

1027
A new strategy for the sensitive and simultaneous analysis of human 
insulin and insulin analogues using LC/MS2 in combination with a 
tailored sample clean-up procedure
K.E. Pickl1, C. Magnes1, T.R. Pieber2,1, F.M. Sinner1; 
1Inst. of Medical Technologies and Healthmanagement, Joanneum Research, 
Graz, 2Department of Internal Medicine, Division of Endocrinology and 
Nuclear Medicine, Medical University Graz, Austria.

Background and aims: In recent years, a number of insulin analogues with 
altered pharmacokinetic (PK) properties have been designed to improve glu-
cose control in diabetes. Currently, the measurement of insulin in body fluids 
for the purpose of PK profiling is still performed by immunoassays. These 
methods however suffer from certain limitations, including cross-reactivity 
with structurally related peptides, a lack of assays specific for individual in-
sulin analogues and the inability to assay multiple insulins simultaneously. 
An LC/MS approach able to simultaneously quantify multiple insulins in one 
sample without the risk of cross reactivity would clearly represent a useful 
alternative to immunoassays.
Materials and methods: B chains were obtained from human insulin, insulin 
aspart, insulin glulisine, insulin lispro, insulin glargine and porcine insulin by 
reduction using TCEP. LC-MS2 analysis was performed using a LC-Packings 
Ultimate 3000 HPLC system in the capillary mode. Insulin B chains were 
eluted with shallow water: acetonitrile gradients with 0.1% formic acid at a 
temperature of 50°C (column: ACE 4, 150 x 0.3 mm, 3 microm particle size) 
and detected with a TSQ Quantum Ultra AM mass spectrometer using posi-
tive ESI in SRM mode.
Results: The new LC/MS2 method allowed simultaneous analysis of human 
insulin and several insulin analogues (insulin lispro, insulin aspart, insulin 
glulisine, insulin glargine, bovine or porcine insulin) without cross reactivity. 
A sophisticated sample clean-up procedure involving protein precipitation 
(PP), solid phase extraction (SPE) and ultrafiltration (UF) enabled the ef-
ficient removal of interfering proteins from serum samples and thereby com-
patibility with LC/MS analysis. The procedure showed excellent sensitivity: 1 
fmol (= 1x10-15 mol) on column - corresponding to insulin levels of around 
4 pM in 250 μl serum - could be detected with signal/noise ratios of >1000 
in serum samples.
Conclusion: A sensitive LC/MS2 method in combination with a tailored sam-
ple clean-up procedure enables the sensitive, simultaneous specific detection 
of human insulin and insulin analogues in serum samples down to physi-
ological basal levels (~ 36 pM) of human insulin in serum.
Supported by: the Austrian Federal Ministry of Transport, Innovation and 
Technology (BMVIT)
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Diabetes care protocol: effects on patient-important outcomes. A cluster 
randomised non-inferiority trial in primary care
K.J. Gorter, F.G.W. Cleveringa, M.H. Minkman, M. van den Donk,  
G.E.H. Rutten; 
General Practice, Julius Centre for Health Science and Primary Care, 
Utrecht, Netherlands.

Background and aims: The Diabetes Care Protocol (DCP) combines task 
delegation, intensification of diabetes treatment and feedback. It reduces car-
diovascular risk in type 2 diabetes (DM2) patients. This study evaluates the 
effects of DCP on perceived health status, treatment satisfaction and psycho-
social self-efficacy.
Materials and methods: A Cluster randomized, non-inferiority trial, by 
self-administered questionnaires in fifty-five primary care practices across 
the Netherlands: 29 practices DCP, 26 usual care. DM2 patients treated by 
their primary care physician were included. Main outcome was the one-year 
between group difference in Diabetes Health Profile (DHP-18) total score. 
Secondary outcomes: DHP-18 subscales, general HRQoL (SF-36, Euroqol 
5D/ EQ-VAS), treatment satisfaction (DTSQ-status) and psychosocial self-
efficacy (DES-SF). Per protocol (PP) and intention-to-treat (ITT) analyses 
were performed: non-inferiority margin -Δ2%. 1692 patients participated in 
the usual care group (UCG), 1699 in the DCP group (DCPG). At baseline 
2333 questionnaires were returned, 1437 yearly thereafter, 1060 patients (517 
UCG; 543 DCPG) completed both DHP questionnaires.
Results: Compared to usual care, in the DCPG the DHP-18 total score de-
creased 0.88 more in PP (CI: -1.94 - 0,12) and 0.439 more in ITT (CI: -1.01 
- 0.08); demonstrating non-inferiority. SF-36 “Health change” increased 3.51 
in PP (CI: 1.23 - 5.82) and 1.91 in ITT (CI: 0.62 - 3.23), demonstrating supe-
riority. Other differences in perceived Health status, treatment satisfaction or 
psychosocial self-efficacy were inconclusive, inconsistent or non-inferior.
Conclusion: Despite intensification of advices and therapy, DCP is non-in-
ferior to usual care regarding perceived diabetes specific healt status and im-
proves the perceived change in general health.
Supported by: Pfizer BV

1029
Impaired fasting glucose and impaired glucose tolerance: follow up rates 
in the community
A.J. Dawson1, J.M. Ng2, A.C.C. Teng3, J.E. Patmore2, E.S. Kilpatrick4; 
1Department of Diabetes and Endocrinology, University of Hull, 
2Department of Diabetes and Endocrinology, Hull and East Yorkshire NHS 
Trust, Hull, 3Hull and East Yorkshire PCT, Hull, 4Department of Clinical 
Biochemistry, Hull and East Yorkshire NHS Trust, Hull, United Kingdom.

Background and aims: Both impaired fasting glucose (IFG) and impaired 
glucose tolerance (IGT) convey an increased risk of developing type 2 dia-
betes (T2DM) in the future. Current guidelines advocate that patients with 
IFG, IGT or both are to be screened at least annually with either a oral glu-
cose tolerance test (OGTT) or fasting plasma glucose.(FPG). We examined 
a group of patients with OGTT-diagnosed IFG and IGT to determine the 
proportion of patients who were subsequently retested based on these recom-
mendations.
Materials and methods: All patients undergoing OGTT from Primary Care 
in our region between Oct and Dec 2006 were included in the analysis. Pa-
tients who were deceased over this period and patients tested for gestational 
diabetes were excluded from the analysis. Approval was obtained from the 
Trust Audit Department prior to this undertaking. Data for this study was 
obtained from the laboratory serving the whole population. The criterion for 
diagnosis of IFG and IGT were based on the WHO.
Results: There were a total of 683 patients included in the analysis. 199 pa-
tients were diagnosed with T2DM and 246 patients had either IGT or IFG. Of 
the 246 patients with IFG/IGT, (median (IQR) age 67 (54 to 74) years, 127F, 
119M), 196 patients had repeat glucose testing in the following 26 months 
after a mean (SD) of 13(5.5) months. 59% (115/196) were screened using a 
repeat FPG and 41% (81/196) with an OGTT. Using FPG alone, 52 (45%) 
patients were noted to have persistent IFG and 11 (9.6%) patients had a glu-
cose level of 7 mmol/L or higher. Repeat OGTT showed 15 (18.5%) patients 
with persistent IGT, 30 (37%) with IFG and 19 (23.5%) patients with both. 13 

(16%) had a glucose level of 7 mmol/L or higher. Crucially, this meant 19% 
(47/246) of patients (median (IQR) age 60(41 to 69) years, 24F, 23M) did not 
have a repeat test at all over the 26 months from the initial diagnosis
Conclusion: Patients with IFG and IGT are at greater risk of developing fu-
ture cardiovascular disease and T2DM It is also known that lifestyle interven-
tion can reduce the risk of progression to T2DM. This data has shown that 
the follow-up of patients with IFG and IGT in primary care is not systematic, 
with approximately 1 in 5 patients with IFG and/or IGT not being followed 
up at all after 26 months of being diagnosed. There are challenges in moving 
more diabetes care from secondary to primary care environments. This study 
has shown that one of these challenges is to it develop a consistent means of 
recalling patients with abnormal OGTTs order to establish (and try to pre-
vent) progression from IFG/IGT to T2DM.

1030
Clinical decision support delivered through EMRs improved glucose and 
blood pressure control in adults with diabetes
P.J. O’Connor1, J.M. Sperl-Hillen1, W.A. Rush1, P.E. Johnson2,  
G.H. Amundson1, S.A. Asche1, H.L. Ekstrom1; 
1HealthPartners Research Foundation, 2Carlson School of Management, 
University of Minnesota, Minneapolis, United States.

Background and aims: Medical groups have invested billions of dollars in 
outpatient Electronic Medical Records (EMR), but few studies demonstrate a 
positive impact of EMR-based clinical decision support on clinically impor-
tant patient outcomes. We conducted this randomized trial to assess the im-
pact of an EMR-based diabetes clinical decision support system on control of 
glycated hemoglobin (A1c), blood pressure (BP) and LDL-Cholesterol (LDL) 
in adults with diabetes.
Materials and methods: The study was conducted from October 2006 to May 
2007 in Minnesota. Eleven clinics with 41 consenting primary care physicians 
(PCP) and these physicians’ 2556 diabetes patients were randomized either to 
receive or not to receive an EMR-based advanced pharmacologic and clinical 
decision support system designed to improve A1c, BP, and LDL in diabetes 
patients not at recommended clinical goals at the time of an office visit.
Results: Intervention group PCPs used the EMR-based decision support sys-
tem at over 62.6% of all diabetes patient visits, and intensified drug therapy 
at 61.9%, 43.6% and 18.8% of visits with uncontrolled A1c, BP, and lipids, 
respectively. Intervention group diabetes patients had significantly better A1c 
(p=.014) and SBP (p=.035) but not LDL (P=.63) relative to patients of PCPs 
randomized to the control arm of the study based on general linear mixed 
models with a repeated time measurement to control for clustering. Addi-
tional analytic models that adjusted for patient age, gender, and comorbidity 
showed similar results. 94% of PCPs expressed satisfaction with the interven-
tion, and moderate rates of use persisted for over a year after withdrawal of 
feedback and incentives to encourage use.
Conclusion: An EMR-based advanced pharmacologic and clinical decision 
support system significantly improved glucose control and BP control in 
adults with type 2 diabetes who were not at recommended clinical goals.
Supported by: NIDDK, NIH, DHHS

1031
Management of diabetes in migrants - does ethnical background matter?
K. Schindler1, H. Brath2, M. Carballo3, G. Vlaijc1, B. Ludvik1; 
1Internal Medicine, Medical University Vienna, Austria, 2Wiener 
Gebietskrankenkasse, Vienna, Austria, 3International Center for Migration 
and Health, Geneva, Switzerland.

Background: Migrants constitute a growing part of the Austrian and Eu-
ropean population. There seem to be barriers to the use of health services, 
access to appropriate treatment and knowledge transfer regarding diabetes 
due to cultural and religious particularities. We aimed to identify differences 
between diabetic subjects (TDM2) with different countries of origin regard-
ing knowledge, treatment, as well as self-capacitance to take a responsibility 
for the diabetes management.
Methods: TDM2 -patients (first generation migrants from Serbo-Croatia 
(SC, n=52) and Turkey (T, n=54)) living in Austria, aged between between 
35 and 60 years were randomly selected. Information was collected by struc-
tured interviews in their first language and anthropometry and glycemic pa-
rameters were recorded.
Results: Nearly all patients were overweight (T: 96%, SC 85%). Overweight 
T misclassified themselves regarding the weight category more often than SC 
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(22% vs.6%, p<0.05). Migrants, independent from the country of origin, were 
often diagnosed when already presenting with diabetes- related problems (T 
79%, SC 77%). Most migrants were treated with oral antidiabetics (OAD)(T 
63%, SC 60%) or a combination of OAD and insulin (T 21%, SC 15%). While 
knowledge regarding the medication was reported to be unproblematic (T 
93%, SC 90%), one third of T did not know how to correct hypoglycemia 
(T 30%, SC 15%, p<0.05) and two thirds were not used to examine their feet 
for lesions (T 70%, SC 15%, p<0.0001). For both patient groups, physicians 
are the primary source of information (T 85%, SC 100%), nurses are nearly 
never experienced as a possible source of support (T 4%, SC 4%). The chance 
of gathering additional information about diabetes through internet or dia-
betes associations was completely unused. T report less often recommenda-
tion of lifestyle changes (diet: T 41%, SC 81% p<0.001; exercise: T 24%, SC 
56% p<0.001). Implementation of dietary changes was difficult for nearly 
every second patient (T 56%, SC 44%). Regarding physical activity, more T 
reported difficulties with change (T 44%, SC 27%, p<0.05). Knowledge about 
causal factors was little in most patients. But there were differences between 
the groups (table 1). Noticeably, nearly every SC believed in a relationship 
between diabetes and stress.
Conclusion: We conclude that screening examinations for diabetes are not 
used by migrants independent of country of origin. All patients exhibit 
deficits in diabetes knowledge and its transfer into daily practise. Regarding 
knowledge and self-capacitance the country of origin matters and should be 
borne in mind when treating migrants with diabetes as well as when planning 
migrant oriented health promoting initiatives.

Table 1: Knowledge about causal factors for diabetes (% patients agree) 
#p<0.05 between T and SC

Genetics Age Body weight Nutrition Excercise Stress God’s will
T 33# 7# 37 35# 22 50# 13
SC 46 37 48 56 29 81 8

1032
Insulin dose titration system in diabetic patients using a short messaging 
service automatically produced by a knowledge matrix
C. Kim1, J. Kang1, S. Lee1, E. Hong1, S. Ihm1, D. Kim1, J. Yu1, M. Choi1,  
H. Yoo1, K. Huh2; 
1Dept. of Endocrinology Hallym University Sacred Heart Hospital, Anyang, 
2Huh’s Diabetes Clinic, Seoul, Republic of Korea.

Background and aims: We designed the system in type 2 diabetic patients 
treated with long acting insulin to produce an automatic adjustment of insu-
lin dose based on real time glucose level data and to provide to the patients 
the needed insulin dose by using a short message service (SMS) and apply to 
the clinical practice.
Materials and methods: We developed the system to produce an automatic 
adjustment of insulin dose based on the mean fasting blood glucose (FBG) 
level for consecutive 3 days. Moreover we created a web site program (ht-
tps://uc.healthkorea.net/UDang/dclinic/index.aspx) that was used to formu-
late messages of insulin dosage through an automated algorithm. By con-
necting specially designed glucometer to the cellular phone, the measured 
glucose data is automatically sent to patient’s personal data sheet on the web 
site, then our system automatically composed messages that were then sent 
to the patient. According to the mean FBG level, patients were asked to in-
crease in glargine dose by 6 U (≥ 180 mg/dL), 4 U (140~179 mg/dL), 2 U 
(120~139 mg/dL), respectively. If patients showed descended FBG levels for 
consecutive 3 days, the dose was adjusted based on the last measured day. If 
one FBG level is higher than 60 mg/dL compared with other levels measured 
for 2 days, the mean FBG level of other 2 days was used for dose adjustment. 
100 type 2 diabetic patients suboptimally controlled on their previous antidi-
abetic treatment were included. Each participant was assigned to either the 
intervention or control group, each with 50 patients using adaptive randomi-
zation. We applied this system for 12 weeks in the intervention group. In the 
control group, a conventional titration schedule was used, seeking a target 
FBG of < 120 mg/dl. If the mean FBG level for consecutive 3 days of ≥ 120 
mg/dL, patients were asked to increase in glargine dose by 2 U. In both group, 
2 U decreases were allowed if any time glucose level of < 80 mg/dL, insulin 
dose was decreased by 4 U if glucose level of < 60 mg/dL. Then, we compared 
A1C and FBG after 12 week trial in both groups. The protocol was approved 
by the Ethics Committee of the Hallym University. Informed consent was 
obtained from each participant. Comparison of both groups was based on the 
independent t-test or Chi-square test, appropriately.

Results: 47 patients in the intervention group (47.8 ± 9.6 yrs, M = 24) and 45 
patients in the control group (49.0 ± 10.7 yrs, M = 22) completed the experi-
mental protocol over a 12 week period. A greater (P = 0.023) baseline to end 
point reduction in A1C was observed in the intervention group (9.8 ± 1.3 to 
7.4 ± 0.7%) than in the control group (9.8 ± 1.2 to 7.8 ± 0.8%). The FBG after 
4 weeks was lower (P = 0.013) in the intervention group (121.8 ± 35.9 mg/dL) 
than in the control group (141.4 ± 38.1 mg/dL), however, the reduction of 
FBG after 12 wks in the intervention group (200.1 ± 53.7 to 113.1 ± 15.3 mg/
dL) was similar with the control group (196.3 ± 48.9 to 117.4 ± 26.5 mg/dL). 
The incidence of symptomatic, asymptomatic, nocturnal hypoglycemia was 
similar in both intervention and control groups. There was a small increase in 
body weight from baseline to end point with both intervention (2.4 ± 3.0 kg) 
and control group (2.2 ± 2.8 kg).
Conclusion: This study demonstrated that SMS based on our specialized 
internet supported system is an effective and safe approach to long acting 
insulin dose adjustment in patient with type 2 diabetes.
We thank “UBCare Company” for its large contribution to the development of 
our specialized system

1033
A nationwide diabetes campaign: Portuguese pharmacies identify 
uncontrolled diabetic patients
M.R. Horta, S. Costa, Z. Mendes; 
Pharmacy-Based Disease Management Programs, National Association of 
Pharmacies, Lisbon, Portugal.

Background and aims: The National Association of Pharmacies (ANF) de-
veloped a model and tools for a national pharmacy-based intervention cam-
paign targeted to adult patients on diabetes therapy, in collaboration with 2 
medical societies in the field of diabetes disease. Tools provided included a 
Pharmacists’ Intervention Protocol on Diabetes©, with capillary blood glu-
cose recommended values, and a spreadsheet to document care provided. 
The Campaign was launched in November 2007 and was preceded by evening 
sessions for pharmacists held in the 3 major cities.
Aim: To assess capillary blood glucose (BG), out of reference values, in dia-
betic patients during the nationwide campaign.
Materials and methods: Between 12 and 17 November 2007, all diabetic pa-
tients aged 18 and higher on antidiabetic drugs were included in the Cam-
paign. Pharmacists’ intervention were focused on adherence to therapy, self 
surveillance counselling and capillary BG assessment.
Results: 1 763 pharmacies participated in the Campaign, out of which 723 
have sent data to ANF (41.0%). 7 719 adult diabetic patients were assessed, 
an average of 13 patients per pharmacy. 57.2% were female and average age 
was 57. A high percentage of patients (91.2%) did not smoke and 36.2% had 
BMI over 30 kg/m2. The majority (87.3%) of patients were on oral antidi-
abetic drugs (ADO), 7.6% were only on insulin and 5.1% were on combined 
insulin and ADO therapy. Pharmacists performed 11 102 measurements 
in the 5 days of the Campaign. Average postprandial BG values were 189.5 
mg/dL and average fasting BG values were 144.8 mg/dL. Patients with high 
BMI tend to have higher fasting BG values (p<0.001). The % of patients with 
postprandial BG > 180 mg/dL or fasting BG > 130 mg/dL were 47%. Com-
pared with the older patients (≥ 65 years old), younger patients have higher 
probability of having capillary BG within the recommended values (18-44 
years old: OR=2.502, IC95%:[1.928-3.247]; 45-64 years old: OR=1.142, 
IC95%:[1.023-1.275]). Compared with those only on insulin therapy, the pa-
tients on ADO had higher probability of being within the recommended BG 
values (OR=1.297, IC95%:[1.061-1.587]) and the patients on combined ADO 
and insulin therapy had lower probability of being within the recommended 
BG values (OR=0.563, IC95%:[0.413-0.768]). A referral to the prescriber was 
reported for 23.9% of patients, out of which 72.7% had BG above the recom-
mended values.
Conclusion: These results suggest pharmacists may have an important role in 
identifying diabetic patients with BG values out of the recommended targets, 
as well as, in reinforcing adherence to therapy and self surveillance counsel-
ling.
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1034
Organizational characteristics influence quality of diabetes care. The 
QUASAR (quality assessment score and cardiovascular outcomes in 
Italian diabetes patients) study
M.C.E. Rossi1, M. Comaschi2, C. Coscelli3, D. Cucinotta4, P. Di Blasi5,  
D. Merante5, F. Pellegrini1, U. Valentini6, G. Vespasiani7, A. Nicolucci1; 
1Clinical Pharmacology and Epidemiology, Consorzio Mario Negri 
Sud, S. Maria Imbaro 2Emergency Dept, University Hospital S. Martino, 
Genoa, 3Internal Medicine, A.O. Parma, 4Internal Medicine, Policlinico 
Universitario, Messina, 5GlaxoSmithKline S.p.A, Verona, 6Diabetes Unit, 
Spedali Civili, Brescia, 7Diabetes Unit, Madonna del Soccorso Hospital, S. 
Benedetto del Tronto, Italy.

Background and aims: While process and outcome measures are usually 
considered for quality of care profiling, the way diabetes care is organized and 
delivered can undoubtedly play an important role in achieving the desired 
results. We evaluated how structural and organizational characteristics influ-
ence process and intermediate outcome indicators in T2DM, taking patient 
case-mix into consideration.
Materials and methods: Seventy-eight clinics described their structure and 
organization and were classified in 3 levels of organizational complexity 
(high, intermediate, low). Each clinic collected data on 100 random patients, 
including frequency of HbA1c, blood pressure (BP), lipid profile, and renal 
function monitoring in the last 12 months and frequency of patients reaching 
HbA1c<=7%, BP<=130/85 mmHg, LDL-cholesterol<=100 mg/dl, and albu-
min/ creatinine ratio <=30 mg/g. Multilevel models were applied to identify 
correlates of the selected indicators.
Results: Overall, 6702 patients were enrolled. Structures with high complexity 
ensured the highest average number of visits per patient/year. The likelihood 
of monitoring HbA1c increased by 3 times (OR=3.06; 95%CI 1.14-8.24) for 
every additional unit in the average number of per-patient visits performed 
by the centre, while the likelihood of monitoring BP increased by over 4 times 
(OR=4.35; 95%CI 3.57-5.26). The chance of reaching levels of HbA1c<=7% 
increased by 62% (OR=1.62; 95%CI 1.01-2.61) for each additional unit in the 
number of per-patient visits. A lower level of complexity of organization was 
associated with a lower likelihood of achieving the BP target. Process indica-
tors were not independently associated with outcomes.
Conclusion: Our study suggests that, in addition to process and intermediate 
outcome indicators, measures able to capture the complexity of structural/or-
ganizational aspects should be incorporated in any initiative to evaluate the 
quality of diabetes care. Diabetes clinics that provide better quality of care 
are those with higher level of organization and able to ensure an adequate 
frequency of encounters with patients.
Supported by: GlaxoSmithKline SpA, Verona, Italy

1035
Screening for deprivation using EPICES score: a tool to detect patients at 
high risk of diabetic complications
M. Ramentol1,2, C. Auclair3, L. Gerbaud3, E. Robu1, F. Desbiez1, P. Thieblot1, 
I. Tauveron1; 
1Diabetes, CHU G. Montpied, 2UFR medecine, 3Public Health, CHU Hotel 
Dieu, Clermont-ferrand, France.

Background and aims: Several studies reported that deprivation was associ-
ated with complications in diabetic patients. We hypothesized that screening 
for deprivation could lead to a more intense action to try and prevent compli-
cations. We analyzed the interest of a deprivation score, EPICES (Evaluation 
of Precarity and Inequalities in Centres d’Examens de Santé), validated in the 
French general population.
Materials and methods: The study was developed in a single hospital diabetes 
center from November 2006 to July 2007. Diabetic patients were split in two 
groups, either deprived (EPICES score > 30.17), or not. Diabetes control, estimat-
ed by HbA1c, and prevalence of chronic complications were compared between 
the two groups, as well as the quality of life, estimated by SF-36 questionnaire.
Results: Of the initial 102 patients, 97 subjects, among which 18 type 1 and 
79 type 2 diabetics ,were included in the trial. Interestingly, HbA1c was not 
correlated to EPICES score. Yet nephropathy was associated with deprivation 
(p = 0.049) and possibly neuropathy (p = 0.06; NS). No other complication 
seemed to be linked to deprivation. Deprived diabetic patients presented with 
more co morbidities : excess weight (p = 0.001), lower HDL-cholesterol (p = 
0.04). Eventually, quality of life, in all aspects of daily life, was much lower in 
deprived diabetic patients.

Conclusion: Our results demonstrated that even in an area of moderated 
deprivation intensity (mixed rural and urban population in Central France), 
a high EPICES score, an individual index of deprivation, is associated with 
nephropathy, higher cardiovascular risk factors and lower quality of life in 
diabetic patients. EPICES score is therefore an easy to calculate useful tool 
to detect diabetic patients needing specific focus on management of their 
disease.

1036
Better %HbA1c control among type 2 diabetes patients is associated with 
higher patient-reported satisfaction with treatment: a meta-analysis of 
trial results
M.J. Atkinson1, Q. Zhang2, D.D. Smith3, J.M. Boltri4, W.D. Smith5; 
1HEOR Specialist PRO-Spectus & UCSD Health Services Research Center, 
San Diego, 2sanofi-aventis US, Bridgewater, 3City of Hope National Medical 
Center, Duarte, 4Mercer University School of Medicine/Medical Center of 
Central Georgia, Macon, 5The University of Texas M. D. Anderson Cancer 
Center, Houston, United States.

Background and aims: We tested the hypothesis that control of HbA1c as-
sociated with current treatments for Type 2 diabetes mellitus (DM) increase 
patients’ satisfaction with treatments. Data were obtained from an empiri-
cally-based systematic literature review of 280 randomized controlled trials 
examining medications used to treat Type 2 DM published after 1998. After 
restricting the articles to adult samples and removing duplicates, we identi-
fied 230 articles for consideration. Fourteen of these studies provided quan-
titative assessment of patient self-reported satisfaction measures associated 
with treatment-related changes in %HbA1c.
Materials and methods: Fourteen randomized clinical studies where in-
cluded that involved Type 2 DM patients (n = 2880) that included both pa-
tient-reported treatment satisfaction surveys and treatment-related changes 
in %HbA1c from baseline. %HbA1 changes were standardized using Hedge’s 
g effect size statistics with positive values indicating improvement from base-
line. After standardization, we then performed a fixed effects meta-regres-
sion on changes in treatment satisfaction; assessed almost exclusively using 
the Diabetes Treatment Satisifaction Questionnaire (11/14 articles). Both of 
these meta-analytic methods were applied to: 1) all scales measuring any as-
pect of treatment satisfaction, and 2) scales which measured overall satisfac-
tion or product preference.
Results: Our fixed effects meta-analysis revealed a statistically significant 
improvement in treatment satisfaction with a improvements %HbA1c from 
baseline (p < 0.0001). The effect size in the meta-analysis resulted in a positive 
mean difference with a point estimate and 95% CI of 0.51 (95% CI: 0.47 to 
0.55). When we pooled studies in a meta-regression, the slope of the associa-
tion between %HbA1c change and all treatment satisfaction scales was 0.50 
(95% CI: 0.44 to 0.56), p < 0.0001. In a meta-regression on overall satisfaction 
or product preference versus %HbA1c change, the slope of the association 
was 0.78 (95% CI: 0.70 to 0.87), p < 0.0001 (see Table).
Conclusion: Our meta-analyses on randomized controlled trials showed a 
significant, positive improvement in patients’ self-reported treatment satis-
faction scores when associated with a positive baseline change in %HbA1c. 
We can conclude that, for every percentage point improvement in %HbA1c 
over time, Type 2 DM patient satisfaction improves by 10-20%. 

Editorial support provided through the sanofi-aventis US Group
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Obesity increases healthcare resource use in patients with type 2 
diabetes: a UK database analysis
B.P. Wilson1, L. Watson2, J. Alsop2, S. Kumar3; 
1Eli Lilly & Co Ltd, Basingstoke, 2Louise Watson Consulting Ltd, Buxton, 
3WISDEM, University Hospital, Coventry, United Kingdom.

Background and aims: Little information is available on resource use and 
diabetic medication prescribing by BMI category in type 2 diabetic (T2DM) 
patients in general practice in the United Kingdom. This study was designed 
to investigate these factors from the time of insulin initiation.
Materials and methods: A cohort of patients with diagnostic codes for T2DM 
was selected from the General Practice Research Database (GPRD) for the pe-
riod January 1st 2002 - March 31st 2008. No patient had been prescribed insulin 
in the 6 months prior to the first insulin prescription (index date). Additionally 
patients had to have ≥ 2 further prescriptions for insulin in the 12 months post 
index date as well as ≥ 2 BMI and ≥2 HbA1c recordings (one baseline, one post 
index). Patients also had to have a minimum of 12 months data post the index 
date. The cohort was stratified into BMI categories at the time of insulin ini-
tiation: normal (18.5-24.9 Kg/m2); overweight (25.0-29.9 Kg/m2); obese (30.0-
34.9 Kg/m2); clinically obese (35.0-39.9 Kg/m2); morbidly obese (≥40 Kg/m2). 
Prescribed insulin quantities were used to estimate daily insulin requirements 
at 6, 12, 18 and 24 months. Oral diabetic drug prescribing, GP visits and hospi-
tal referrals were calculated and stratified by patients’ BMI category in the first 
year after initiation and in year 2. Rates were calculated with 95% confidence 
intervals and presented per 100 patient years of observation.
Results: 3783 patients fulfilled the inclusion criteria (normal weight, n=672; 
overweight, n=1259; obese, n=1070; clinically obese, n=480; morbidly obese, 
n=302). Mean daily insulin requirement appeared relatively stable between 
6-24 months post initiation in normal weight patients (41 [SD 30] rising to 
45 [SD 36]units/day) but appeared to increase in all other groups e.g. clini-
cally obese 67 [SD 50] rising to 78 [SD 60] units/day). The rate of oral diabetic 
therapy prescribed was statistically signficantly higher with increasing BMI, 
ranging from 699 scripts per 100 patient-years (95% CI 680,720) in normal 
weight patients to 1066 scripts (95%CI 1038,1095) in clinically obese. GP visit 
rates for diabetes increased signficantly by BMI from 40.0 per 100 patient-
years (95%CI 36.4, 43.8) in normal weight up to 55.7 (95%CI 51.3,60.1) in the 
clinically obese. Secondary care non-diabetes referrals increased signficantly 
with BMI from 70.7 per 100 patient-years (95%CI 67.2,74.0) in normal cat-
egory to 85.2 (95%CI 81.7, 88.1) in clinically obese.
Conclusion: The results from this study indicate that patients who are obese 
have higher resource use including oral diabetic agents and higher daily in-
sulin requirements as well as higher rates of GP and secondary care non-
diabetes referrals.
Supported by: Eli Lilly & Co Ltd.

1038
Cost and resource use following insulin initiation in Europe: 24-month 
follow up data from the INSTIGATE study
H.T. Smith1, A. Liebl2, S. Jones3, M. Benroubi4, C. Castell5, A. Goday6,  
C. Nicolay7, A. Simpson1; 
1Eli Lilly & Co, Surrey, United Kingdom, 2Fachklinik Bad Heilbrunn, 
Germany, 3James Cook University Hospital, Middlesbrough, United 
Kingdom, 4Polyclinic General Hospital, Athens, Greece, 5Department de 
Salut, Barcelona, Spain, 6Hospital del Mar, Barcelona, Spain, 7Eli Lilly & Co, 
Bad Homburg, Germany.

Background and aims: INSTIGATE is a prospective observational study in 
Europe, investigating patients with type 2 diabetes (T2DM) who initiate insu-
lin during usual care. Follow up data to 24 months (m) were collected in Ger-
many (De), Greece (Gr) and Spain (Es). The primary objective of the study 
was to assess the direct costs of care for T2DM following insulin initiation.
Materials and methods: Direct costs of diabetes care were calculated by as-
signing local unit costs (2006) to data collected at each visit on individual 
resource use (diabetes medication; blood glucose monitoring (BGM); and for 
the period since the last visit, contact with health care professionals (HCPs) 
and diabetes related hospitalisations). Reported costs and resource use are for 
the 6m prior to insulin initiation (baseline) and the 6m between study visits.
Results: Of 726 patients entering the study (De 256; Gr 263; Es 207) in these 
3 countries, 564 (De 155; Gr 237; Es 172) had at least a 12m visit and 498 

(De 119; Gr 227; Es 152) were followed to 24m. In all three countries median 
and mean total direct cost of diabetes care increased in the first 6m following 
insulin initiation then fell and remained reasonably stable over the following 
18m (Figure 1). In Gr and Es median costs fell to around the baseline level. In 
De median costs remained higher than prior to insulin initiation. The main 
contributors to total costs differed between countries. In De patients were 
prescribed more intensive insulin regimens (at 6m 79% of patients (119/151) 
were on prandial based regimens) with mean 3.4 injections per day. In con-
trast in Gr and Es at 6m; 78% (185/237) and 88% (152/172) respectively were 
prescribed either basal only or premix only and the mean daily injections 
were Gr 1.9 and Es 1.4 although OAD usage was higher than in De. There 
were few changes in insulin regimens over the first 24m. BGM was a major 
component of total cost. Prior to insulin initiation patients monitored ap-
prox. once per day (mean strips/week De 8; Gr 7; Es 7). Following insulin 
initiation this increased in De to 3 times daily, but changed little in the other 
countries. In the 6m following initiation mean strips per week were De 21, Gr 
8, Es 8; and 18 to 24m following initiation De 21, Gr 8, Es 7. Mean total con-
tact (number of visits & phone calls) with HCPs in the 6m prior to initiation 
were De 12, Gr 8, Es 10; rising in the 6m following initiation to De 15, Gr 10, 
Es 12; and falling thereafter, at 18 to 24m following initiation total contacts 
were De 6, Gr 4, Es 7. There were few hospitalisations in any country
Conclusion: There are considerable additional direct costs associated with 
starting insulin therapy, particularly during the first 6m, but the cost burden 
reduces over time. The main contributing factors for cost were BGM and in-
sulin.

Supported by: Eli Lilly and Company and Amylin Pharmaceuticals, Inc.

1039
Swedish patients with type 2 diabetes show willingness-to-pay for health 
improvements including weight loss, reduction in hypoglycaemia and 
glycaemic control
J. Jendle1, O. Torffvit2, M. Ridderstråle3, M. Lammert4, Å. Ericsson5,  
M. Bøgelund6; 
1Faculty of Health Sciences, Örebro University Hospital, Sweden, 
2Department of Nephrology, Lund University Hospital, Lund, Sweden, 
3Department of Clinical Sciences, Lund University Hospital, Lund, Sweden, 
4Novo Nordisk Scandinavia, Copenhagen, Denmark, 5Novo Nordisk 
Scandinavia, Malmö, Sweden, 6Incentive Partners, Birkerød, Denmark.

Background and aims: Patient preference for treatments and interventions 
do not always concur with the physicians’ choice or scientific evidence base. 
This study aimed to investigate the most important aspects of diabetes medi-
cation, as measured by the patients’ willingness-to-pay (WTP), an indication 
of patient preference.
Materials and methods: The WTP survey used a discrete choice experiment 
methodology to evaluate the convenience and clinical effects normally as-
sociated with type 2 diabetes treatments. Patients in Sweden were recruited 
using an existing nationwide e-mail panel administered by GfK Health Care. 
Patients were included if they were adults (≥18 years) with type 2 diabetes 
and currently receiving antidiabetic medication(s). Data were collected elec-
tronically between September 2008 and November 2008, and results were 
analysed using a standard statistical model designed for choice games (con-
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ditional logit). The WTP was examined for 6 characteristics: weight (gain or 
loss), HbA1c levels, hypoglycaemic events, nausea, injections (with or irre-
spective of meals) and blood glucose monitoring.
Results: In total, 461 of 537 (86%) patients with type 2 diabetes completed 
the internet questionnaire and were eligible for inclusion. The survey sample 
matched the National Diabetes Register (NDR) in Sweden for all key param-
eters such as age, duration of diabetes, HbA1c level and BMI, except gender 
distribution (291 males; 170 females). Patients placed the highest value on 
the avoidance of weight gain; they needed to receive as much as 795 Swedish 
kronor (SEK) per month in order to accept a 3kg weight gain. They would 
also pay as much as 528 SEK per month to lose 3kg. Women were more 
concerned about gaining weight than men (p=0.0074) and obese patients 
(BMI>30 kg/m2) had a higher WTP to lose 6kg compared with non-obese 
patients (BMI≤30 kg/m2; p<0.0001). Patients wanting to reduce the number 
of hypoglycaemic events from two per month to none were willing to pay 419 
SEK per month. Patients who had never experienced a hypoglycaemic event 
had a significantly higher WTP (300 SEK per month) to avoid them com-
pletely than patients already experiencing hypoglycaemic events (p=0.0004). 
Patients valued a 1% reduction in HbA1c level at 414 SEK per month. Pa-
tients would require 140 SEK per month in order to accept a 25% risk of 
medication-related nausea. Participants preferred taking tablets to injections 
and required a compensation of 376 SEK to accept one injection. Patients al-
ready taking tablets did not have a higher WTP to avoid injections than those 
already having injections. Injections irrespective of meals were preferred to 
injections with meals (WTP: 140 SEK per month).
Conclusion: Patients were willing to pay a considerable amount of money 
each month for the health benefits associated with improved diabetes treat-
ment. In particular, patients wanted to avoid gaining weight above other ben-
efits.
Notes: Exchange rates: 100 SEK = 9.15 EUR or 12.41 US$ (26 March 2009)
Supported by: Novo Nordisk

1040
Patient willingness-to-pay for liraglutide and exenatide in Sweden based 
on head-to-head clinical trial results
M. Ridderstråle1, O. Torffvit2, M. Lammert3, B. Nilsen4, M. Bøgelund5,  
J. Jendle6; 
1Department of Clinical Sciences, Lund University Hospital, Lund, Sweden, 
2Department of Nephrology, Lund University Hospital, Lund, Sweden, 
3Novo Nordisk Scandinavia, Copenhagen, Denmark, 4Novo Nordisk 
Scandinavia, Malmö, Sweden, 5Incentive Partners, Birkerød, Denmark, 
6Faculty of Health Sciences, Örebro University Hospital, Sweden.

Background and aims: Liraglutide is a once-daily human glucagon-like 
peptide-1 (GLP-1) analogue. As part of the Phase III trial programme the 
LEAD-6 (Liraglutide Effect and Action in Diabetes 6) trial compared liraglu-
tide 1.8 mg once-daily with exenatide 10 μg twice-daily as add-on to oral an-
tidiabetic drug therapy. Here we assessed patients’ willingness-to-pay (WTP) 
for liraglutide versus exenatide by applying clinical data from LEAD-6 to 
results generated by a willingness-to-pay (WTP) survey. The WTP survey 
investigated patients’ preferences and WTP for the most important aspects 
of diabetes medication.
Materials and methods: The LEAD-6 trial was a 26-week, randomised, 
open-label, parallel group study in patients with type 2 diabetes who were 
either taking liraglutide 1.8 mg once-daily irrespective of meals (n=233) or 
exenatide 10 μg twice-daily at the two main meals (n=231). The WTP survey 
involved 461 participants with type 2 diabetes from Sweden. The electronic 
WTP survey used a discrete choice experiment methodology to evaluate the 
convenience and clinical effects of treatments associated with type 2 diabetes. 
The values from the WTP study were applied to the efficacy and safety data 
from the two treatment groups in LEAD-6.
Results: The main results from LEAD-6 were differences in change in HbA1c 
levels (liraglutide -1.12%; exenatide -0.79%, p<0.0001), change in BMI (li-
raglutide -1.145 kg/m2; exenatide -1.015 kg/m2, NS), minor hypoglycaemia 
rate/month (liraglutide 0.161; exenatide 0.217, p=0.0131), change in SBP (li-
raglutide -2.51 mmHg; exenatide -2.00 mmHg, NS), and difference in the 
frequency of nausea (equivalent to a 4.9 % and 12.1% of subjects in liraglutide 
and exenatide groups respectively with nausea for the 26 weeks trial period) 
(p not available). Analysing the data with the results from the WTP survey 
revealed that patients were willing to pay an extra 17 Swedish kronor (SEK) 
per day in the first year of treatment for liraglutide compared with exenatide. 
The largest component of this WTP amount was the once-daily dosing of li-
raglutide; patients were willing to pay an extra 10 SEK per day to reduce drug 

administration to once per day irrespective of meals (liraglutide) from twice 
a day in relation to meals (exenatide). They would also pay an extra 5 SEK per 
day to reduce their HbA1c levels to a greater extent with liraglutide compared 
with exenatide. Patients were willing to pay 1 SEK per day for the relative 
reductions in SBP and BMI with liraglutide compared with exenatide, and 
were willing to pay an extra 0.7 SEK per day in the first year to take liraglutide 
to reduce their incidence of nausea. Despite a significant difference in minor 
hypoglycaemic event rates between liraglutide and exenatide, patients were 
not willing to pay more than 0.2 SEK per day extra to receive liraglutide on 
this basis.
Conclusion: Patients were willing to pay 17 SEK per day to use liraglutide 
rather than exenatide. Willingness-to-pay can be calculated for any combina-
tion of investigated effects and can be used to make comparisons between 
treatments from a patient perspective.
Notes: Exchange rates: 100 SEK = 9.15 EUR or 12.41 US$ (26 March 2009)
Supported by: Novo Nordisk

1041
Cost-effectiveness of motivational enhancement therapy with and 
without cognitive behaviour therapy for type 1 diabetes
A. Patel1, E. Maissi2, I. Rodrigues3, M. Smith2, J. Bartlett4, S. Thomas5,  
T. Chalder2, U. Schmidt2, J. Treasure2, K. Ismail2; 
1Health Service & Population Research, Institute of Psychiatry, 
2Psychological Medicine & Psychiatry, Institute of Psychiatry, 3King’s College 
London School of Medicine, 4Medical Statistics Unit, London School of 
Hygiene & Tropical Medicine, 5Guys & St Thomas’ Hospitals, London, 
United Kingdom.

Background and aims: Diabetes’ high prevalence, chronic nature and asso-
ciation with complications incur substantial costs for services, patients and 
wider society, necessitating cost-effective approaches to treatment and long-
term management. We examined the cost-effectiveness of two manualised 
psychological treatments for adults with Type 1 diabetes (T1DM) as part of a 
multi-centre randomised controlled trial in the absence of such evidence.
Materials and methods: A representative sample of adults with T1DM and 
persistent suboptimal glycaemic control (HbA1c >8.2%) were recruited from 
8 UK hospital diabetes clinics and randomised to motivational enhancement 
therapy (MET), MET + cognitive behaviour therapy (MET+CBT) or usual 
diabetes care. We measured costs and health (HbA1c improvement) and 
quality of life (quality-adjusted life years; QALYs) outcomes over one year. 
Health care and societal costs (2005/06 prices) were estimated from resource 
use data collected by interview at 6 and 12 months. Outcomes and costs were 
linked/compared between groups using incremental cost-effectiveness ratios 
(ICERs) and cost-effectiveness acceptability curves (CEACs).
Results: 344 participants were randomised to MET (n=117), MET+CBT 
(n=106) and usual care (n=121); 62%, 69% and 58% of each group respec-
tively had requisite cost and outcome data for the economic evaluation. Only 
MET+CBT produced a statistically significant HbA1c improvement (+0.45 
compared to usual care; 95% CI: 0.10 to 0.78) and neither intervention sig-
nificantly increased QALYs. Mean costs of the psychological interventions 
were £195 for MET and £660 for MET+CBT. Both interventions led to sig-
nificantly higher mean total health care costs compared to usual care alone: 
+£535 (95% CI: 171 to 857) in MET group and +£790 (95% CI: 5.7 to 1072) 
in the MET+CBT group. Societal costs were also higher but not statistically 
significant. ICERs for additional HbA1c point improvements ranged from 
£514 (MET+CBT vs. MET) to £3,821 (MET vs. usual care) from the health 
care perspective. At thresholds of £5,000 or higher for an additional HbA1c 
point improvement, the probability of MET+CBT being cost-effective com-
pared to MET or usual care exceeded 0.7; probabilities for MET versus usual 
care were lower. Due to minimal QALY differences between groups, cost-ef-
fectiveness conclusions based on these were unfavourable for both interven-
tions, although better for MET than MET+CBT: the minimum ICER was 
£48,636 (MET vs. usual care, health care perspective) and probabilities of 
cost-effectiveness peaked at 0.39 (MET vs. usual care, societal perspective) 
for thresholds up to £45,000 per QALY gain.
Conclusion: Additional costs of the two psychological interventions were not 
offset by savings elsewhere within one year. MET+CBT had high chances of 
cost-effectiveness based on HbA1c outcomes; conclusions were broadly more 
favourable in relation to this outcome than QALYs. Treatment provision deci-
sions should thus account for the relative importance of these two outcomes.
Supported by: HTA Programme, Department of Health, UK
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1042
Assessment of healthcare resource utilization among type 2 diabetic 
patients with pre-existing macrovascular comorbidities in Europe: a 
matched cohort study
P. Mavros1, Y. Qiu1, L. Radican1, D. Yin1, A.Z. Fu2; 
1Global Outcomes Research & Reimbursement, Merck & Co. Inc., 
2Quantitative Health Sciences, Cleveland Clinic, Whitehouse Station, United 
States.

Background and aims: T2DM is a chronic metabolic disorder character-
ized by hyperglycemia and associated with significant morbidity. This may be 
particularly so among patients with pre-existing macrovascular conditions 
(MVC). This study was undertaken to examine differences in healthcare 
resource utilization between T2DM patients with and without pre-existing 
MVC in Europe.
Materials and methods: This is a matched cohort study based on the Real-
Life Effectiveness and Care Patterns of Diabetes Management (RECAP-DM) 
study, a multi-center, observational study with retrospective medical chart 
reviews of T2DM patients in Spain, France, UK, Norway, Finland, Germany, 
and Poland. Included patients were aged ≥30 year at time of diagnosis of 
T2DM and added a SU or a TZD to failing metformin monotherapy (index 
date), and had pre-existing (i.e., with onset date prior to index date) MVC. 
A control cohort with T2DM but without pre-existing MVC was identified 
using 1:1 propensity score matching. Logit models were used to identify the 
relationship between pre-existing MVC and the likelihood of emergency 
room admission, receiving medical/surgical procedures, and hospitalization 
during the study period. Negative binomial models were used to predict the 
number of office visits and length of hospital stay per year attributable to the 
pre-existing MVC.
Results: Of the 453 patients with pre-existing MVC (cases) and eligible for 
inclusion, 64% were male, mean (SD) age and time from T2DM diagnosis 
was 64.5 (9.1) and 6.2 (5.3) years, respectively. HbA<sub>1c</sub> prior to 
the index date was 8.0 (1.2). Relative to controls, patients with pre-existing 
MVC were significantly more likely to report emergency department admis-
sions (Odds Ratio 3.1; 95%CI 1.8-5.2), receiving medical/surgical procedures 
(OR 2.72; 95%CI 1.7-4.3), and hospitalizations (OR 2.6; 95%CI 1.7-4.0) after 
controlling for other predictors. Similarly, pre-existing MVC was associated 
with 2.9 additional office visits per year (p<0.001) and 0.41 days of hospital 
stay per year (p=0.004).
Conclusion: This study found that T2DM patients with pre-existing MVC 
were more likely to use various types of healthcare resources.
Supported by: Merck and Company, Whitehouse Station, USA

1043
Pharmacoeconomic analysis for the future treatment of diabetes mellitus 
after gestational diabetes
S.Z. Zacharieva1, K.N. Todorova - Ananieva2, E.I. Konova3, V.B. Petkova4, 
S.R. Guerguiev5, Z.D. Dimitrova5; 
1Clinical Center of Endocrinology and Gerontology, Medical University, 
Sofia, 2High-risk Pregnancy Department, Special Hospital of Obstetrics and 
Gynaecology, Sofia, 3Clinical Institute of Reproductive Medicine, Pleven, 
4Department of Social Pharmacy, Medical University, Sofia, 5Department of 
Social Pharmacy, Medical University, Plovdiv, Bulgaria.

Background and aims: To outline the risk of developing Diabetes Mellitus 
(DM) during the first year after giving birth for women with previous Ges-
tational Diabetes Mellitus (GDM), as well as to estimate the social efficiency 
value of the applied prophylactic method.
Materials and methods: The study has been performed among 50 women, 
with GDM for one year after delivery. During that period a prophylactic pro-
gram has been applied for DM prevention. The social efficiency of the applied 
prophylactic method is presented using the “decision tree” model. All indi-
rect costs for future DM treatment are presented, as well as calculations are 
given for the disability adjusted life years (DALY).
Results: DM has been observed at 13 (or 26%) out of 50 women with previ-
ous GDM in the first year after birth delivery. The total cost per women for 
the applied preventive programme have been calculated at 12.1€. The total 
annual expenses for future treatment and control of a women with type 2 DM 
and good metabolic control is 98.9€, for satisfying metabolic control - 122.1€ 
and for poor metabolic control - 241.8€. The total annual expenses for future 
treatment and control of one women with type 1 DM and good metabolic 
control is 241.8€, for satisfying metabolic control - 303.7€, and for poor meta-

bolic control. The social cost of late diagnosed or complicated type 2 DM is 
10,994.80 €. The cost for the complicated type 1 DM treatment is 20,979.38 € 
at 5% discount. The rate of DALY also varies according to the rate of diabetic 
complications. The calculated DALY for women with DM at stage of disabil-
ity are: - 10.1 year for women with DM with no complications, 12.1 years for 
women with DM and a mild rate of complications, 13.6 years for women with 
DM and with moderate complications and 15.1 years for women with DM 
and a severe rate of complications.
Conclusion: Future DM treatment costs depend entirely on the extent of 
metabolic compensation, probability for later complications and the method 
of treatment. However, the prophylactic screening the women with previous 
GDM can considerably save these costs.

1044
Health care expenditures following initiation of insulin glargine or 
exenatide in type 2 diabetic patients on oral agents in US
W.H. Herman1, Q. Zhang2, J. Rosenstock3; 
1University of Michigan, Ann Arbor, 2sanofi-aventis US, Bridgewater, 3Dallas 
Diabetes and Endocrine Center, Dallas, United States.

Background and aims: Increasing health care expenditures are a significant 
challenge when deciding on an effective course of treatment for type 2 dia-
betes.
Materials and methods: A managed care database of 47 health plans was 
analyzed between May 2005 and September 2007 to evaluate health care ex-
penditures after initiation of insulin glargine (GLAR; n= 15,695) or exenatide 
(EX; n= 21,516) in T2DM patients treated with only oral antidiabetic agents 
(OAD) during the 6 months (baseline) prior to initiation.
Results: Baseline characteristics for GLAR patients vs EX patients, respectively, 
were mean age, 54 vs 53 years; female, 43% vs 54%; glycated hemoglobin A1C, 
9.5% vs 7.9%; hypoglycemia rate on OADS, 4.8% vs 2.7%; use of endocrinologist 
care, 16% vs 31%; retinopathy, 9.8% vs 7.8%; nephropathy, 5.4% vs 2%; neuropa-
thy, 9% vs 8.3%; myocardial infarction, 3.5% vs 1.1%; and any history of pan-
creatitis, 1.5% vs 0.3%. Baseline hospitalization rate was 22% vs 5% in GLAR vs 
EX with 7.5 vs 3.5 hospital days and 22% vs 12% emergency service use, respec-
tively, reflecting possibly a sicker population in the GLAR group. Baseline health 
plan expenditures for GLAR vs EX, respectively, were as follows: for antidiabetic 
medications, $626 vs $673; for all medications, $1,805 vs $1,986; for diabetes-re-
lated non-pharmacy inpatient and outpatient medical services, $3,206 vs $1,022; 
and for total medical services, $9,044 vs $2,956. During the year post initiation, 
5% in the GLAR group started EX, and 11% in the EX group started insulin. 
The 1-year adjusted health plan total expenditures for all medical and pharmacy 
utilization (glucose monitoring supplies not available), were $25,596 vs $26,566 
(Δ=$970, P<0.001) for GLAR vs EX, respectively (after adjustment for baseline 
age, sex, total health care expenditures, hospitalization, and Charlson comorbid-
ity). After accounting for concomitant medications, the total expenditures were 
$24,852 for GLAR vs $27,219 for EX (Δ=$2,368, P<0.001). Pair-wise compari-
sons for GLAR vs EX showed lower 1-year expenditures for antidiabetic drugs 
(Δ=$419, P<0.001), total medications (Δ=$246, P<0.001), diabetes-related med-
ical (Δ=$730, P<0.001) and total medical (Δ=$207, P=0.486).
Conclusion: This retrospective analysis showed lower health care expendi-
tures 1 year following initiation of GLAR compared with initiation of EX. 
However, differences in patient populations may have affected the results 
despite adjustment. Our findings require further confirmation with well-de-
signed prospective real-world studies.
Editorial support provided through the sanofi-aventis US Group

1045
Cost-effectiveness analysis of medical intervention in patients with 
early detection of diabetic nephropathy in a tertiary care hospital in 
Bangladesh
S.H. Habib1, S. Saha1, S. Akter2, L. Ali1; 
1Health Economics Unit, BADAS, 2Dept of Biochemistry & Cell Biology, 
BIRDEM, Dhaka, Bangladesh.

Background and aims: The economic burden resulting from diabetic neph-
ropathy (DN) consumes a major portion of resources allocated for health-
care services. Cost-effectiveness of various interventions on DN & its compli-
cations has relatively been well explored in developed countries, but these are 
almost absent in developing countries. The present study was undertaken to 
assess the cost-effectiveness of medical intervention in patients with DN.
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Materials and methods: Two hundred patients with DN, with at least 1 year 
of follow-up, were purposively selected from Out Patient Department of BIR-
DEM (tertiary diabetes care hospital), Bangladesh. Of them 100 were late in 
detection of DN and 100 were detected early. The degree & extent of compli-
cations like cardiopathy, peripheral neuropathy, retinopathy & vasculopathy, 
treatment outcome, clinical effectiveness of interventions and direct, indirect 
& incremental cost of complications were calculated. Comparison was made 
between the groups. Cost included drugs, hospitalizations, diagnostics & vis-
its.
Results: A total of 200 patients were considered for an average of 365 days, 
amounting to 651 person-years of observation in total. The mean±SD se-
rum creatinine of the groups (LDN & EDN respectively) was 4.90±1.17 & 
0.89±0.03 mg/dL, fasting serum glucose was 9.36±0.40 mmol/l & 4.78±0.38 
mmol/l, total cholesterol was 206.50±42.60 & 104.20±35.50 mg/dl, HbA1c 
was 9.80±0.50% & 5.70±0.38%, TG was 163.76±99.46 & 155.67±94.84 mg/dl. 
About 19% patients in LDN & 36% in EDN were free of diabetic compli-
cations other than DN. In LDN, 20% had one complication, 29% had two 
& 32% had more than two complications. On the other hand, in EDN the 
corresponding values were 48%, 10% & 6% respectively. The most frequent 
complication was cardiopathy, which affected 33% patients in LDN & 27% 
in EDN, followed by peripheral neuropathy 21% & 18%, retinopathy 17% 
& 13%, and vasculopathy 10 % & 6% respectively. The average annual cost 
of care was US$ 27954 (direct US$ 16983 & indirect US$ 10971), with an 
average US$ 140 per patient. Among the average annual cost LDN consumed 
US$ 19837 (US$ 198 per patient) & EDN US$ 8117 (US$ 81 per patient). US$ 
13473 (48%) of costs was attributable to drugs for both groups of which US$ 
10817 (80%) was for LDN & US$ 2656 (20%) for EDN, US$ 8739 (31%) to 
hospitalizations of which US$ 5211 (60%) for LDN & 3528 (40%) for EDN. In 
case of diagnostics & visits the corresponding values were US$ 2136 (60%) & 
1419 (40%) and US$ 1673 (76%) & 514 (24%) for LDN & EDN respectively. 
The annual medical costs increased with the increased number of complica-
tions from US$ 1320 to 2296 & to 3989 in LDN with one, two & more than 
two complications (other than DN) which is increasing at a rapid rate and 
US$ 917 to 1556 & to 2372 in EDN respectively, increasing at a diminishing 
marginal rate. The regression equation showed that medical cost is signifi-
cantly related to complications tested in both univariate (P<0.0001) & multi-
ple linear regression analyses (R2=0.52; F=82.3, P<0.0001).
Conclusion: Proper management with regular screening substantially re-
duces the expenditure related to care of patients with diabetic nephropathy & 
related complications even in a developing country. Strategies aimed at pre-
venting diabetic nephropathy & early detection of the onset of nephropathy 
complication will reduce medical costs in a substantial way.

PS 93 Nephropathy - experimental
1046
Defensive role of mitochondrial fusion against podocyte injury in 
diabetic nephropathy 
E. Koh1, M. Kim2, R. K.C.3, S. Lee1, E. Kim1, W. Lee1, I.-K. Lee4, H. Jang5, 
J.-Y. Park1, I.-S. Park3, K.-U. Lee1; 
1Internal Medicine, University of Ulsan College of Medicine, Seoul, 2Asan 
Institute for Life Sciences, Seoul, 3Anatomy, College of Medicine, Inha 
University, Incheon, 4Internal Medicine, Kyungpook National University 
School of Medicine, Daegu, 5Internal Medicine, Seoul National University 
College of Medicine, Republic of Korea.

Background and aims: Podocytes are highly specialized cells covering the 
exterior glomerular basement membrane surface of the glomerular capillary, 
and constitute the final barrier to prevent albumin excretion from the kidney. 
Podocyte injury is one of the main events that lead to diabetic nephropathy. 
Podocytes have large amount of mitochondria, but pathogenic role of po-
docyte mitochondria in diabetic nephropathy is unknown. We unexpectedly 
found that podocyte mitochondria in animal models of diabetic nephropathy 
are elongated. We thus investigated the pathogenic role of this mitochondrial 
pathology (mitochondrial fusion) in diabetic nephropathy.
Materials and methods: Podocyte mitochondrial morphology was examined 
in the kidneys of two animal models of diabetic nephropathy; Otsuka Long-
Evans Tokushima Fatty (OLETF) rats, obese type 2 diabetic animals, and 
streptozotocin-induced diabetic rats that underwent unilateral nephrectomy. 
We also examined the effects of combination of various risk factors of diabet-
ic nephropathy i.e., high glucose, high free fatty acid and angiotensin (GFA), 
on cell apoptosis and mitochondrial morphology in cultured podocytes.
Results: OLETF rats exhibited pronounced albuminuria from 20 weeks of 
age (P < 0.001 vs age-matched control LETO rats). Focal and segmental scle-
rotic lesions and an increase in desmin expression, a marker of podocyte 
injury, were noted in the kidney of OLETF rats at 44 weeks of age. Electron 
microscopy showed extensive effacement with distorted interdigitation of 
foot processes in podocytes of OLETF rats. In addition, elongation of mi-
tochondria was seen in podocytes of OLETF rats, starting from 12 weeks of 
age and peaking at 32 weeks of age. This elongation (fusion) of mitochon-
dria was not found in mesangial cells or endothelial cells. At 44 weeks, dis-
continuation and obliteration of mitochondrial cristae were also noted, and 
mitochondrial number was markedly lower in OLETF rats than in LETO 
rats (P < 0.05). Consistent with the results in OLETF rats, mitochondrial 
elongation was also found in the podocytes of type 1 diabetic rats that un-
derwent unilateral nephrectomy. GFA induced significant cellular apoptosis 
in cultured podocytes (P < 0.001 vs untreated cells). Podocytes cultured with 
GFA displayed morphologic features of fusion and also an increase in the ex-
pression of fusion-associated protein, OPA1. OPA1 expression in podocytes 
was preceded by an increase in the mitochondrial reactive oxygen species 
(ROS) production as measured by mitoSOX. In addition, downregulation of 
OPA by siRNA significantly increased cellular apoptosis and mitochondrial 
ROS production (P < 0.05 vs control siRNA-transfected cells), indicating 
that mitochondrial fusion is an adaptive process to prevent podocyte apop-
tosis in states of high ROS.
Conclusion: Podocyte mitochondrial fusion is a defensive mechanism that 
protects the cells from injury in diabetic nephropathy. Podocyte mitochon-
drial fusion machinery can become a previously unrecognized target to con-
trol diabetic nephropathy.
Supported by: KOSEF grants

1047
FT011, a novel synthetic anti-fibrotic drug attenuates the progression of 
experimental diabetic nephropathy
R.E. Gilbert1, Y. Zhang2, S. Williams2, S. Zammit2, H. Krum3, D.J. Kelly2; 
1University of Toronto, Canada, 2University of Melbourne, Australia, 
3Monash University, Melbourne, Australia.

Background and aims: Pathological fibrosis is a key feature of diabetic ne-
phropathy (DN) that correlates closely with renal dysfunction and that can 
be partially attenuated with agents that block the renin-angiotensin system. 
However, the effects of a more direct approach that specifically targets fibrosis 
has not been studied in detail, mostly due to a lack of suitable agents. Accord-
ingly, we synthesized a novel anti-fibrotic drug based on a cinnamoyl core 
structure, FT011 (Fibrotech Therapeutics Pty Ltd, Melbourne, Australia), to 
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test the hypothesis that preventing pathological fibrosis will attenuate renal 
injury in advanced experimental model of DN.
The aims of the present study were to determine the effects of FT011 on TGF-
beta stimulated matrix synthesis on cultured mesangial cells, and to test the 
efficacy of FT011 in vivo on the structural and functional manifestation of 
experimental DN.
Materials and methods: Mesangial cells (1097 clone) were studied in vitro 
to determine the effects of FT011 on TGF-β induced collagen synthesis by 
measuring 3H-proline incorporation. Forty, six-week old female, hetero-
zygous (mRen-2)27 rats, were assigned to receive either 55 mg/kg of STZ or 
citrate buffer alone (non-diabetic) by tail vein injection following an over-
night fast. Control and diabetic groups were then each randomised into 2 
groups (n=10), receiving either treatment with FT011 (100mg/kg bid gavage) 
or without treatment for 16 weeks.
Results: In response to TGF-beta stimulation, mesangial cells demonstrated 
a dose-dependent inhibition of proline incorporation in response to FT011. 
Without affecting blood pressure or hyperglycaemia, diabetic Ren-2 rats 
treated with FT011 had less albuminuria (10.10 ± 1.11 vs 1.97 ± 1.46, geo-
metric mean ± tolerance factor mg/day, P < 0.01), tubulointerstitial fibrosis 
(2.28±0.46 vs 0.64±0.07, %/area, P < 0.01), glomerulosclerosis (1.05±0.05 
vs 0.63±0.04, glomerulosclerotic index P < 0.05), macrophage infiltration 
(62±16 vs 26±5, number/area P< 0.05) and glomerular endothelial cell loss 
(1.04±0.5 vs 4.1±0.9, %/glomerular cross section, P < 0.05) when compared 
with untreated diabetic rats. Non-diabetic rats were unaffected by FT011 and 
no adverse effects of FT011 were observed in either diabetic or non-diabetic 
groups.
Conclusion: FT011 is a novel anti-fibrotic drug that attenuates the functional 
and structural manifestations of experimental model diabetic nephropathy, 
providing a novel therapeutic strategy for the treatment of progressive kidney 
disease.
Supported by: National Health and Medical Research Council of Australia

1048
Antioxidant tempol reduces albuminuria by decreasing PARP-induced 
podocyte apoptosis in diabetic hypertensive rats
E.B.M. Peixoto, P.A.O. Ribeiro, J.M. Lopes de Faria, J.B. Lopes de Faria; 
Department of Internal Medicine, University of Campinas, Brazil.

Background and aims: It has recently been demonstrated that in diabetic 
hypertensive rats a superoxide desmutase mimetic (SOD), tempol, reduces 
albuminuria by restoring the redox imbalance. Increased formation of intra-
cellular reactive oxygen species (ROS) leading to activation of poly(ADP-ri-
bose) polymerase (PARP)-1 and podocyte loss by apoptosis contributes to 
albuminuria in diabetes mellitus (DM). In the present study we investigate 
the hypothesis that in diabetic hypertensive rats tempol reduces albuminuria 
by inhibition of PARP-induced podocyte apoptosis.
Materials and methods: DM was induced in spontaneously hypertensive 
rats (SHR) by streptozotocin at 4 weeks of age. Blood glucose levels of ≥ 270 
mg/L were considered diabetic. The diabetic rats were randomly assigned 
to receive or not tempol intraperitoneally at a dose of 250 mg/kg. After 20 
days, rats were euthanized and kidneys were collected. Glomeruli isolation 
was performed by differential sieving technique. Apoptosis of renal cells was 
evaluated by TUNEL staining and expression of WT-1, a marker of podocyte, 
was estimated by immunohistochemistry. Nephrin expression was assessed 
by Western blot analysis and immunofluorescence. PARP-1 expression, a nu-
clear enzyme activated by DNA strand breaks due to oxidative stress, was 
assessed by Western blot analysis.
Results: Plasma glucose levels were higher in diabetic rats and it was not 
affected by tempol treatment (169±24 vs. 482±52 vs. 444±276 mg/dl, re-
spectively, p<0.0001). Systolic blood pressure was unaltered by diabetes or 
tempol treatment, (control=159±11, untreated diabetic=156±7, tempol dia-
betic=152±9 mmHg). Albuminuria was significantly higher in diabetic rats 
(680 (180 - 1815) μg/24h), compared to the control rats (229 (109 - 540), 
p=0.012) and it was significantly reduced by tempol treatment (366 (109 
- 1342), p=0.052). DM increased the number of glomerular apoptotic cells 
compared to the control group (p=0.0013), and it was markedly reduced by 
tempol (p=0.0057). DM leads to podocyte loss as accessed by immunohis-
tochemistry for WT-1 (p=0.0143) that was reduced in tempol treated rats 
(p=0.0369). Similarly, the incubation of isolated glomeruli with high glucose 
concentration (mimicking DM) or with H2O2 (ROS) leads to higher number 
of apoptotic cells compared with respective controls. Number of apoptotic 
cells was significantly reduced when isolated glomeruli were incubated with 
tempol. The expression of nephrin was decreased in the glomeruli of dia-

betic SHR and restored by tempol treatment. DM increases the expression of 
PARP-1 in isolated glomeruli from 2490±1801 to 7337±1128 arbitrary units 
(p=0.0379), and it was markedly reduced (p=0.0262) by tempol treatment to 
1977±3242.
Conclusion: In diabetic hypertensive rats treatment with antioxidant tempol 
reduces albuminuria by prevention of PARP-induced podocyte apoptosis.
Supported by: FAPESP, CAPES and CNPq

1049
Upregulation of chemokines induced by AGEs was inhibited by Chinese 
herbal medicine YuQuiQing
Z.L. Sun1, Y. Yuan1, L. Zhou1, J.Y. Yu2, R.F. Bo3; 
1Endocrinology, Zhongda Hospital, Southeast University, Nanjing, 
2Endocrinology, Jiangsu Traditional Medicine Hospital, Nanjing, 
3Endocrinology, Wuxi People Hospital, Nanjing Medical University, Wuxi, 
China.

Background and aims: Previous work shown that advanced glycosylation 
end products (AGEs) increased the expression of chemokines in human renal 
mesangial cells (HRMCs). The aim of this study was to further investigate the 
effect of a Chinese traditional drug YuKuiQing on the upregulation of mono-
cyte chemoattractant protein-1 (MCP-1) and fractalkine (FKN) induced by 
AGEs.
Materials and methods: HRMC cultured in the serum-free medium was 
incubated with AGE-BSA in the presence or absence of neutralizing anti-
MCP-1 and anti-FKN antibody (Ab). HRMC incubated with AGE-BSA was 
cultured in the medium containing rat serum or special YuKuiQing serum 
which prepared by using Chinese herbal medicine serum pharmacological 
approach. The capacity of monocytes transmigration to HRMC was detected 
with a transwell system. The expression of MCP-1 and FKN mRNA in HRMC 
were analyzed by RT-PCR, and the content of MCP-1 and FKN in the super-
natant of HRMC was measured by ELISA. 
Results: 1. The number of monocytes transmigration to HRMC treated with 
AGE-BSA was significantly higher than control group (17.8±2.04 vs 0.7±0.84, 
P<0.01). But that of anti-MCP-1 Ab (8.6±1.14, P<0.01) and anti-FKN Ab 
(2.2±1.10, P<0.01) group was lower than AGE-BSA group. 2. The number of 
monocytes transmigration to HRMC treated with AGE-BSA in the presence 
of different concentration of rat serum (0.313%, 0.625%, 1.25%) was increased 
dose dependently (19.6±0.89, 23.6±1.14, 27.2±0.84, P<0.05). But those of 
YuKuiQing serum groups (17.0±1.00, 14.8±0.84, 12.0±1.22, P<0.01) were 
decreased compare to similar concentration of control serum. 3. The mRNA 
expression (FKN: 1.03±0.05 vs 0.22±0.05, MCP-1:0.74±0.05 vs 0.26±0.03, 
P<0.01) and the supernatant content (FKN: 289.49±9.77 vs 20.15±8.84 pg·L-1,  
MCP-1: 33.47±3.14 vs 16.19±0.66 pg·L-1, P<0.01) of MCP-1 and FKN in the 
HRMC treated with AGE-BSA was significantly higher compared to con-
trol group. 4. The mRNA expression (FKN: 0.950±0.051 vs 1.106±0.045, 
0.885±0.041 vs 1.148±0.044, 0.833±0.040 vs 1.199±0.044,P<0.01. MCP-1: 
0.724±0.043 vs 0.800±0.060, 0.663±0.031 vs 0.836±0.055, 0.604±0.028 vs 
0.856±0.053,P<0.01) and the supernatant content (FKN: 280.19±9.31 vs 
310.87±10.70, 268.41±9.77 vs 332.57±9.31, 251.98±9.80 vs 343.73±6.33 
pg·L-1, P<0.01. MCP-1: 27.49±2.16 vs 33.69±3.24, 26.77±2.13 vs 34.03±3.31, 
26.06±1.65 vs 34.72±3.01 pg·L-1, P<0.01) of MCP-1 and FKN in the HRMC 
treated with AGE-BSA in the presence of different concentration of YuKui-
Qing serum was lower than control serum.
Conclusion: 1. AGE-BSA enhance the capacity of MCP-1 and FKN to induce 
monocytes transmigration to HRMC, which are inhibited by anti-MCP-1 and 
anti-FKN antibody partially. These findings suggest that MCP-1 and FKN 
might mediate the role of AGEs in the development of diabetic nephropathy. 
2. YuKuiQing markedly reduce the upregulation of MCP-1 and FKN induced 
by AGE-BSA, and attenuate the capacity of MCP-1 and FKN to induce mono-
cytes transmigration to HRMC, These results indicate that YuKuiQing might 
play its role of reno-protection via inhibition of MCP-1 and FKN.
Supported by: Jiangsu key foundation of science
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1050
Metabolomic profile delineates potential defect in renal transporter 
function in the proximal tubule of monkeys with diabetic nephropathy
R. Shamekh1, A.D. Patterson2, G.S. Eichler3, K.W. Krausz2, F. Li2, S. Aslam4, 
J.N. Weinstein3, B.C. Hansen1, J.R. Idle5, F.J. Gonzalez2; 
1Internal Medicine, University of South Florida, St Petersburg, United States, 
2National Institutes of Health, Laboratory of Metabolism, Center for Cancer 
Research, Bethesda, United States, 3National Cancer Institute, National 
Institutes of Health, Genomics and Bioinformatics Group, Bethesda, United 
States, 4Office of Clinical Research, University of South Florida, Tampa, 
United States, 5Charles University, Institute of Pharmacology, Praha, Czech 
Republic.

Background and aims: Non-invasive biomarkers that predict future disease 
development will enhance efforts to identify the earliest indications of type 
2 diabetes mellitus (T2DM). The urinary metabolomes of well-characterized 
rhesus macaques that were normal, prediabetic, or overtly spontaneously and 
naturally diabetic, and had been held under consistent, healthy dietary and 
environmental conditions, were examined to discover biochemical indicators 
of T2DM disease pathogenesis and progression.
Materials and methods: The rhesus monkeys selected for this study were 
under longitudinal study and were fully phenotyped for glucose and lipid 
metabolism, insulin sensitivity, beta cell function, and renal function prior to 
collection of clean urine samples. High-resolution ultra-performance liquid 
chromatography and the accurate mass determination of time-of-flight mass 
spectrometry were used to analyze spot urine samples from normal (n = 10), 
pre-T2DM (n = 5), and T2DM (n = 11) male monkeys. Models generated 
using the random forests machine learning algorithm revealed candidate bi-
omarkers from approximately 8500 ions. Biomarkers were identified based 
on accurate masses and confirmed by tandem mass spectrometry of authen-
tic compounds.
Results: Random forests models had a misclassification error less than 5%. 
Urinary compounds significantly increased in T2DMs compared with nor-
mals included glycine betaine (9-fold above normal), citric acid (2-fold above), 
kynurenic acid (1.8-fold above), glucose (67-fold above), and pipecolic acid 
(2.5-fold above). Compared with the conventional definition of T2DM, the 
biomarker-based definitions were also useful in defining the three groups.
Conclusion: Elevation of these urinary biomarkers suggest defective renal 
transporter function in the proximal tubule. This non-invasive urinary me-
tabolomics approach is likely to be valuable in developing a more detailed 
understanding of complex diseases such as T2DM.
Supported in part by NIA HHSN263200800022C

1051
Kidney injury molecule 1 (KIM1) and neutrophil gelatinase-associated 
lipocalin (NGAL) as markers of tubular kidney injury in type 1 diabetic 
patients
S.E. Nielsen1, K.J. Schjoedt1, A.S. Astrup1, L. Tarnow1, M. Lajer1,  
P.R. Hansen2, H.-H. Parving3, P. Rossing1; 
1Dep. 520, Steno Diabetes Center, 2820 Gentofte, 2Department 
of Cardiology, 2820 Gentofte, 3Dep. 520, Department of Medical 
Endocrinology, Copenhagen, Denmark.

Background and aims: Urinary(u) KIM1 and u-NGAL have been suggested 
as markers of tubulointerstitial damage in renal disease, mostly acute renal 
failure. In kidney injury, KIM1 is present on the proximal tubule apical mem-
brane. Inflammation increases NGAL production in tubular cells. Our aim 
was to evaluate u-KIM1 and u-NGAL in type 1 diabetic patients with differ-
ent levels of albuminuria and in controls. Subsequently we studied the effect 
of renoprotective treatment with the ACE inhibitor lisinopril on the level of 
u-NGAL.
Materials and methods: Cross sectional study of adult Caucasian type 1 dia-
betic patients from a tertiary referral centre. The patients were divided into 
three groups: normoalbuminuria (u-albumin <30mg/ 24h), microalbuminu-
ria (u-albumin 30-300mg/24h) and macroalbuminuria (>300 mg/24h) based 
on three 24h urine collections. We measured u-KIM1 (ELISA, Roche®) and 
u-NGAL (ELISA, Bioporto®) in morning spot urine adjusted for creatinine 
concentration. We included 55 patients with normoalbuminuria, 42 with 
microalbuminuria and 44 with macroalbuminuria. Control group: 53 healthy 
controls. The groups were matched by gender and duration of diabetes. In ad-
dition, in 56 T1D patients with diabetic nephropathy a double blind, placebo 
controlled randomized crossover trial was performed. After 2 months wash-

out period (baseline), patients were treated with lisinopril 20, 40, and 60 mg 
once daily, each dose for 2 months. U-NGAL was measured in 24h urine 
samples after each treatment period.
Results: U-KIM1 [(geometric mean (95%CI), pg/ml]: Normoalb 3.42 
(2.62-4.49), microalb 4.06 (3.15-5.23), macroalb 4.17 (3.04-5.71), control 
1.50 (1.11-2.03). u-KIM1 was higher in all diabetic groups than in controls 
(p<0.001). No difference in u-KIM 1 between diabetic groups. No association 
were found between u-NGAL and age, sex, eGFR, cholesterol, BMI or blood 
pressure. U-NGAL [Geom.mean (95% CI)]: normoalb 147 (98-221) (ng/
mmol creatinine), microalb 225 (159-318), macroalb 257 (173-380), controls 
74 (52-104). U-NGAL was higher in macroalb than normoalb and controls 
(p<0.05). Microalb was not different from macroalb or normoalb. U-NGAL 
was higher in normoalb vs. controls (p<0.01). U-NGAL was elevated in wom-
en and increased with age. No association with cholesterol, BMI or blood 
pressure. U-NGAL was correlated with u-albumin/creatinine ratio (R2=0.18, 
p<0.01) and with eGFR in the macroalb group (R2=0.15, p<0.01).
U-NGAL did not change significantly during lisinopril treatment: u-NGAL 
(geometric mean (SD): baseline 8.9(2.5), 20 mg 7.7(2.5), 40 mg 7.9(2.3) 60 
mg 7.9(5.4) (N.S)
Conclusion: U-NGAL and u-KIM1 are elevated in type 1 diabetes, with or 
without albuminuria, indicating tubular damage. U-NGAL, but not u-KIM1, 
increases significantly with increasing albuminuria suggesting that u-NGAL 
is a better marker of diabetic nephropathy than u-KIM1.
Short-term treatment with lisinopril does not affect u-NGAL significantly, 
suggesting that lisinopril does not affect the renal damage reflected by u-
NGAL.

1052
Bezafibrate suppresses the expression of TGF-β and type IV collagen 
mRNA in human mesangial cells loaded with remnant lipoproteins
M. Eto, Y. Hattori, R. Terasawa, M. Saito; 
Clinical Medicine, Ohu University, Koriyama, Japan.

Background and aims: Diabetic nephropathy is one of the main causes of 
death in diabetic patients. Hyperglycemia and hypertension are risk fac-
tors for diabetic nephropathy. Recently it has been proposed that hypertrig-
lyceridemia contributes to diabetic nephropathy. In JDCS (Japan Diabetes 
Complications Study) and UKPDS (UK Prospective Diabetes Study) 74, 
hypertriglyceridemia was detected as one of the risk factors for diabetic ne-
phropathy. In FIELD (Fenofibrate Intervention Event Lowering in Diabetes) 
study, fenofibrate therapy reduced plasma level of triglyceride (TG), and pre-
vented and improved diabetic nephropathy in type 2 diabetic patients. In-
creased remnant lipoproteins underlie hypertriglyceridemia. We first found 
that increased remnant lipoproteins contribute to diabetic nephropathy. It is 
proposed that remnant lipoproteins are taken up by mesangial cells, and then 
cause renal damage. Diabetic nephropathy is characterized by the accumu-
lation of extracellular matrix protein (type IV collagen) in the glomerular 
mesangium and expansion of the mesangial matrix, resulting in glomerulo-
sclerosis. TGF-β stimulates type IV collagen protein synthesis. Fibrate, which 
is a ligand for PPARα, reduces plasma levels of TG and remnant lipoproteins 
and possibly may protect and improve nephropathy thorough PPARα.In the 
present study we examined the effect of bezafibrate on TGF-β and type IV 
collagen expression in human mesangial cells (HMCs) loaded with remnant 
lipoproteins in the medium.
Materials and methods: Remnant lipoproteins were isolated from plasma of 
a patient with type 2 diabetes and type III hyperlipoproteinemia (apo E2/2 
genotype) by ultracentrifugal method. HMCs loaded with remnant lipopro-
teis were incubated for up to 24 h with bezafibrate at the concentration of 0, 
3x10-6, 3x10-5 and 3x10-4 mol/L. To evaluate the expression of PPARα mRNA, 
TGF-β mRNA and type IV collagen m-RNA in mesangial cells, RT-PCR pro-
cedure was performed. All data were analyzed using the expression of the 
gene encoding GAPDH as a reference.
Results: Remnant lipoproteins significantly (p<0.001) stimulated the expres-
sion of TGF-β mRNA (1.38 vs baseline 0.57) and type IV collagen mRNA 
(0.92 vs baseline 0.72) in HMCs. Bezafibrate significantly (p<0.001) stimu-
lated the expression of PPARα mRNA (1.33 vs baseline 0.20) in HMCs load-
ed with remnant lipoproteins. Bezafibrate significantly (p<0.001 or p<0.01) 
suppressed the expression of TGF-β mRNA in HMCs loaded with remnant 
lipoproteins in a dose-dependent manner (0.82 at 3x10-6, 0.67 at 3x10-5 and 
0.65 at 3x10-4 mol/L vs. 1.38 at 0 mol/L). Bezafibrate significantly (p<0.001 or 
p<0.05) suppressed the expression of type IV collagen mRNA in HMCs load-
ed with remnant lipoproteins in a dose-dependent manner (0.74 at 3x10-6,  
0.68 at 3x10-5 and 0.69 at 3x10-4 mol/L vs. 0.92 at 0 mol/L).
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Conclusion: Remnant lipoproteins stimulated the expression of TGF-β and 
type IV collagen in HMCs. It is concluded that remnant lipoproteins play an 
important role in the development and progression of diabetic nephropathy 
through increased TGF-β and type IV collagen. In addition, bezafibrate sup-
pressed the expression of TGF-β and type IV collagen in HMCs loaded with 
remnant lipoproteins. It is suggested that fibrate is effective to protect and 
improve diabetic nephropathy in early diabetes as shown in FIELD study.
Supported by: Grant-in-Aid for Scientific Research (C), Japan

1053
The orphan nuclear receptor small heterodimer partner attenuates renal 
fibrosis in obstructive nephropathy
G.-S. Jung1, Y.-J. Seo1, M.-K. Kim1, N.-K. Kim1, H.-S. Kim1, K.-G. Park1, 
I.-K. Lee2, E.-H. Koh3, K.-U. Lee3, H.-K. Kim4, H.-C. Jang5; 
1Department of Internal Medicine, Keimyung University School of 
Medicine, Daegu, 2Department of Internal Medicine, Kyungpook National 
University School of Medicine, Daegu, 3Department of Internal Medicine, 
University of Ulsan College of Medicine, Seoul, 4Department of Internal 
Medicine, Andong Medical Center, Andong, 5Department of Internal 
Medicine, Seoul National University Bundang Hospital, Bundang, Republic 
of Korea.

Background and aims: The accumulation of extracellular matrix proteins is 
the key feature of chronic fibrotic kidney disease including diabetic neph-
ropathy. Accumulating evidence suggests that transforming growth factor-β 
(TGF-β) and plasminogen activator inhibitor type 1 (PAI-1) act as central 
components in the development of renal fibrosis by stimulating matrix pro-
tein generation and inhibiting matrix protein removal. Previously, we dem-
onstrated that small heterodimer partner (SHP) represses PAI-1 expression 
in the liver by inhibiting the TGF-β signaling pathway. Therefore, we exam-
ined whether SHP prevents renal fibrosis in the unilateral ureteral obstruc-
tion (UUO) model and elucidated its mechanism in cultured renal cells.
Materials and methods: The effects of adenovirus mediated overexpression 
of SHP on PAI-1 expression in Rat mesangial cell (RMC)s and renal tubu-
lar epithelial cells (NRK-52E cells) were measured by Northern blot analy-
sis. Transient transfection study with reporter constructs of PAI-1 promoter 
was performed to measure the effect of SHP on PAI-1 promoter activity. The 
effects of SHP on Smad 3-DNA binding activity were examined by electro-
phoretic mobility shift assay. The effects of SHP on renal interstitial fibrosis in 
vivo were assessed by UUO-induced renal fibrosis model.
Results: UUO markedly increased the expression of PAI-1, type I collagen, 
and fibronectin but decreased SHP gene expression. Moreover, in kidneys 
of SHP-/- mice, the expression levels of PAI-1, type I collagen, fibronectin 
and α-smooth muscle actin (α-SMA) were increased compared with those in 
kidneys of wild-type mice. In addition, loss of SHP accelerated renal fibrosis 
after UUO. Adenovirus-mediated overexpression of SHP in cultured RMCs 
and NRK-52E cells inhibited TGF-β-stimulated PAI-1, type I collagen, and 
fibronectin expression. SHP inhibited TGF-β- and Smad3-stimulated PAI-
1 promoter activities and TGF-β-stimulated Smad3 binding to its response 
consensus element on the PAI-1 promoter. Moreover, up-regulation of SHP 
expression in the kidney by adenovirus expressing SHP inhibited the expres-
sion of UUO-induced PAI-1, type I collagen, fibronectin, and α-SMA.
Conclusion: This study shows that SHP prevents renal fibrosis in obstructive 
nephropathy and raises the possibility that SHP can be a target for the preven-
tion of renal fibrosis.

1054
Preliminary study of bone marrow mesenchymal stem cells on diabetic 
nephropathy
H. Zhou, Y. Gao, H. Tian; 
Department of Endocrinology, West China Hospital, Sichuan University, 
Chengdu of Sichuan Province, China.

Background and aims: Mesenchymal stem cells (MSCs) have been widely 
studied in protecting against acute renal failure in animals, but studies on the 
role of MSC in models of chronic kidney disease are largely lacking. Diabetic 
nephropathy is a very common complication of diabetes mellitus. Current 
therapies can only delay its progress. In the present study, we aim to discover 
whether MSC transplantation could treat or attenuate diabetic nephropathy 
in rats.
Materials and methods: Sprague-Dawley (SD) rats were randomized to 
five groups: control group (C), diabetic nephropathy control group(DN), 

ciclosporin A (CsA) group, MSC group, and MSC+CsA group. Bone marrow 
stem cells were cultured, identified and labeled by 5-bromo-2’-deoxyuridine 
(BrdU) in vitro. Then they were transplanted to rats with diabetic nephropa-
thy via introcardiac infusion(2×106MSCs/200μl). Ciclosporin A was admin-
istered daily after transplantation at a concentration of 5mg/kg body weight 
in CsA group and MSC+CsA group. 1, 2, 4, 8 week after transplantation, rat 
blood glucose, body weight (BW), kidney weight (KW), urine protein, urine 
micro albumin, endogenous creatinine clearance rate (Ccr) and profile of 
kidney hypertrophy (KW/BW) were tested. Renal morphology and labeled 
cells were examined in the kidney.
Results: 1. The cultured bone marrow stem cells expressed mesenchymal cell 
phenotype, and could be multidifferentiated to osteogenic and adipogenic 
cells.
2. Labeled stem cells could be detected in the kidney of nephropathic rats, but 
they did not propagate after engrafting in kidney.
3. Blood glucose in MSC+CsA group was significantly lower than that in MSC 
group, CsA group and DN group, but higher than control group at day 3 and 
7 after transplantation; blood glucose in MSC group had a transient decrease 
at week 2, but increased to pretreatment level at week 8 for two groups.
4. At week 4, urine protein in MSC+CsA group was lower compared to MSC 
group, CsA group and DN group, but higher than control group. The 24h 
urine micro albumin in MSC+CsA group became significantly lower than 
other diabetic groups at week 1 and remained low in the first 4 weeks post 
transplantation; in MSC group urine micro albumin decreased at week 4, but 
rebounded to the pretreatment level at week 8. At week 1 and 2 urine micro 
albumin in MSC+CsA group was lower than that in MSC group. At all time 
points the Ccr in MSC+CsA group and MSC group were higher than control 
group, though without significant difference, while they were much higher 
in CsA group and DN group at week 4 compared to control group. KW/BW 
in MSC+CsA group was significantly lower than that in CsA group and DN 
group, though still higher than control group at week 2. The morphology 
of glomerulus was ameliorated after bone marrow stem cell transplantation, 
while the morphology of renal tubles was improved by CsA.
Conclusion: The cultured bone marrow stem cells express mesenchymal cell 
phenotype with multilineage potential. Bone marrow stem cells can track to 
the kidney of diabetic nephropathic rats after cardiac injection. Mesenchymal 
stem cells can ameliorate diabetic nephropathy temporarily, but long term 
effects are limited.
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Renal hyperfiltration in relation to low renal function and incidence of 
overt nephropathy among individuals with type 1 diabetes
T. Costacou, T.J. Orchard; 
Department of Epidemiology, University of Pittsburgh, United States.

Background and aims: It has been suggested that renal hyperfiltration pre-
dicts later deterioration of renal function, though the evidence is conflicting. 
We thus assessed this hypothesis in a large cohort of individuals with child-
hood onset type 1 diabetes (diagnosed <17 years of age).
Materials and methods: Participants of the Pittsburgh Epidemiology of Dia-
betes Complications study cohort with estimated (by the Cockcroft-Gault 
formula) glomerular filtration rate (eGFR) >60 ml/min/1.73 m2 and free of 
overt nephropathy (ON, albumin excretion rate<200 μg/min in 2/3 timed 
urine collections) were selected (n=423). At study entry, mean age was 26 
years and diabetes duration 18 years. Hyperfiltration was defined as eGFR 
>130 ml/min/1.73 m2. The outcomes studied were low renal function (LRF, 
below 60 ml/min/1.73 m2) and incidence of ON (albumin excretion rate >200 
μg/min in 2/3 validated timed urine collections, renal dialysis or transplan-
tation). Descriptive analyses (t-tests for continues variables and chi-square 
tests for categorical variables) were conducted to assess univariate associa-
tions between study participant characteristics at study entry and subsequent 
LRF and ON incidence. Multivariable Cox proportional hazard models were 
constructed to assess the value of hyperfiltration in predicting subsequent 
LRF and ON.
Results: During 18 years of follow-up, 9.3% (39/381) progressed to LRF, 
whereas 16.5% (70/423) developed ON. No univariate association was ob-
served between presence of hyperfiltration at study entry and either LRF 
(25.6% vs. 33.6%, p=0.31) or ON incidence (34.3% vs. 33.1%, p=0.85). How-
ever, in multivariable Cox proportional hazard models, adjusting for uni-
variately significant variables, including baseline eGFR level and diabetes 
duration, hyperfiltration emerged as a strong risk factor for LRF (HR=4.58, 
95% CI=1.27-16.45). Nevertheless, the increased risk associated with base-
line hyperfiltration in relation to incident ON, did not reach statistical sig-
nificance (HR=1.44, 95% CI=0.85-2.44). When analyses were repeated using 
the MDRD study formula to estimate GFR, there was no increased risk for 
LRF associated with hyperfiltration (HR=1.19, 95% CI=0.76-1.87), whereas 
a borderline increased risk was observed for ON incidence (HR=1.82, 95% 
CI=0.92-3.62, p-value=0.08), which became significant (p-value=0.02) with 
further adjustment for weight (as is included in the Cockcroft-Gault for-
mula).
Conclusion: These data suggest that hyperfiltration may increase the risk of 
low renal function and overt nephropathy, although the strength of such as-
sociations appears dependent on the formula used to estimate glomerular 
filtration rate.
Supported by: NIH grant DK34818

1056
Prognostic value of contrast-induced nephropathy in patients with 
diabetes mellitus type 2
N. Zaytseva1, M. Shestakova1, M. Shamkhalova1, S. Matskeplishvili2,  
A. Deev3, E. Tugeeva2, U. Buziashvili2, I. Dedov1; 
1Diabetic Nephropathy Department, Endocrinology Research Center, 
2Clinical Diagnostic Department, Bacoulev Scientific Center of 
Cardiovascular Surgery, 3Biomedicine Statistic Department, State Research 
Center for Preventive Medicine, Moscow, Russian Federation.

Background and aims: To determine the incidence of contrast-induced ne-
phropathy (CIN) after percutaneous coronary intervention (PCI), to reveal 
independent predictors and determine the prognostic value of CIN among 
patients with and without diabetes mellitus (DM) type 2.
Materials and methods: We have studied 151 patients with DM and 50 pa-
tients without DM who were under coronarography to determine further 
intervention on the heart vessels. The CIN defined as an increase in serum 
creatinine (SCr) of at least 25% or 44μmol/l over baseline within 48 hours 
of PCI.
Results: Baseline SCr, glomerular filtration rate were similar in diabetic and 
non-diabetic patients. The incidence of CIN was significantly higher among 
the diabetic, than non-diabetic patients (40.4±4.4% vs. 16.0±5.5% respectively, 

p<.01). CIN was associated with anaemia -OR=2.19 with 95%CI (0.96,4.99), 
contrast volume administrated -OR=2.01 per 100ml of medium 95%CI 
(1.35,2.98), low (<40%) ejection fraction -OR=3.25 with 95%CI (1.15,9.05), 
diuretics use -OR=2.59 with 95%CI (1.002,1.017), multivessel coronary in-
volvement -OR=2.97 with 95%CI (1.34,6.59), congestive heart failure (CHF, 
NYHA functional classification III/IV) - OR=4.68 with 95%CI(1.69,12.95). 
Duration of hospital stay was 17.7±1.3 days in diabetics with CIN, 11.9±0.9 
day without CIN (p<0.0001). Importance of CIN was confirmed in Cox time-
dependent Proportional-Hazards Model, that had defined survival factors - 
RR=2.64 with 95%CI (1.17,5.97). CIN was determined as a significant predic-
tor of death, new or hospitalization for CHF, myocardial infarction, stroke, 
doubling of SCr, coronary artery bypass surgery within 24 months of follow 
up according to the Kaplan-Meier survival method (p<0.0001).
Conclusion: The patients with CIN had poor prognosis. Control risk factors 
should be intensified to protect them from future adverse events.

1057
The relevance between endogenous creatinine clearance rate and islet 
beta cell function in type 2 diabetic patients
L.-M. Chen, M.-Y. Zheng, B.-C. Chang; 
Diabetic Nephrology, Tianjin Medical University Metabolic Diseases 
Hospital, China.

Background and aims: To investigate the relevance between islet β cell in-
sulin secretion, insulin sensitivity and endogenous creatinine clearance rate 
(Ccr) in type 2 diabetic patients.
Materials and methods: 356 cases of type 2 diabetic patients were divided 
into 125 cases with normal renal function(90≤Ccr<130 ml/min*1.732), 140 
cases with mild renal dysfunction(60≤Ccr<90 ml/min*1.732) and 91 cases 
with moderate and severe renal dysfunction (Ccr<60 ml/min*1.732). Oral 
glucose tolerance (OGTT) and insulin releasing test were performed. The 
insulin resistance (IR) was evaluated by the ratio of area under curve of in-
sulin to area under curve of glucose (AUCI/AUCG) and HOMA-IR(HOMA-
IR = FG×FI/22.5. The insulin sensitivity was reflected by insulin sensitivity 
index (ISI) [ISI=-ln(FI×FG)] and Matsuda ISI[Matsuda ISI =10,000/√(FG×
FI×Gmean×Imean)]. The HOMA-β, early insulin secretion index (ΔI30/ΔG30), 
the second-phase insulin secretion index (AUCI) and Disposition Index 
(DI)[DI=ΔI30/ΔG30/ HOMA-IR] were calculated to estimate islet β cell sec-
retary function. The difference of clinical and biochemical parameters were 
compared among the three groups and the correlation between Ccr and IR 
was analyzed.
Results: (1) Compared with the normal renal function group, the HOMA-
IR of the mild, moderate and severe renal dysfunction groups was sig-
nificantly higher(P< 0.01), while the ISI and Matsuda ISI were significantly 
lower(P<0.01); The AUCI/AUCG of the moderate and severe renal dysfunc-
tion group was higher than that of the other two groups(P<0.05). (2) The 
AUCI of the moderate and severe renal dysfunction group was higher than 
that of the other two groups (P<0.05); the DI of the mild, moderate and se-
vere renal dysfunction groups was significantly higher than that of the nor-
mal renal function group (P<0.05). (3) Ccr was negatively correlated with the 
course of diabetes, systolic blood pressure, diastolic blood pressure, AUCI, 
HOMA-IR, AUCI/AUCG (P<0.05) and was positively correlated with ISI, 
Matsuda ISI (P<0.01); Multiple stepwise regression analysis showed that Ccr 
was negatively correlated with systolic blood pressure,course of diabetes and 
AUCI/AUCG (P<0.05).
Conclusion: Ccr and IR were negatively correlated, so IR may be independ-
ent risk factor of renal dysfunction among type 2 diabetes patients.

1058
The early diagnosis of renal disorders in diabetes mellitus patients
G. Zubkova1, V. Rybalchenko1, E. Luchitskiy2, V. Luchytskiy2, V. Markov1; 
1Radiology, , 2Clinical Andrology, Institute of Endocrinology and 
Metabolism, Kiev, Ukraine.

Background and aims: Diabetic nephropathy is one of the heaviest compli-
cations of diabetes mellitus - occupies a leading place among the main rea-
sons of death rate in such patients. People with type 1 diabetes make more 
than half of all hemodialis patients. Diabetic nephropathy develops gradually 
and it clinical signs shows up already on the expressed stage of renal defeat.
Materials and methods: The examination was conducted on the gamma-cham-
ber using renotrophic substance - dietilen-triaminpentaacetate (DTPA), marked 



Diabetologia (2009) 52:[Suppl1]S1–S550 S 415

1 C

with short-life radionuklide of 99m-Ts(technetium), which hatches from an 
organism by urinary system and its leading out speed depends on glomerular 
filtration.Depending on the level of Hba1c, indexes of serum glucose levels and 
clinical signs of disease we estimated the state of compensation and decompen-
sation of type 1 diabetes. Compensation of diabetes was considered at the in-
dexes of serum glucose level from 6 to 8 mmol/l for a day long, level of HbA1c 
up to 6.5%, and also practical absence of hypoglycemia and ketoacidosis.
Results: We examined 50 patients with type 1 diabetes in the stage of com-
pensation (29.7 + 3.4 years): in 38 of them (diabetic nephropathy of the II 
- III stage, mikroalbuminuriya - 30-205 mg/day) under act of angiotensin-
trasforming factor inhibitors there was a substantial improvement of lauter 
and egestiv renal functions, in 8 patients (diabetic nephropathy of the III - IV 
stage, mikroalbuminuriya - 280-450 mg/day) - we did not look after the sub-
stantial changes of scintigraphic indexes, in 4 patients (diabetic nephropathy 
of the IV stage, stable proteinuriya) - we observed worsening renal functions 
in spite of reception of preparations.
Conclusion: The received results testify that radioisotope dynamic renal 
scintigraphy allows to diagnose diabetic nephropathy on the early stages of 
development, when a process is reversible. Reliable improvement of renal 
functions under act of angiotensin-trasforming factor inhibitors and at the 
compensated diabetes mellitus it is observed only for patients with diabetic 
nephropathy of I - III stages.
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The occurrence of impaired renal function and hypoalbuminaemia in the 
absence of macroalbuminuria in geriatric diabetic patients
S. Ardigo, S. Giannelli, C. Genet, L. Perrenoud, Y. Registe-Rameau,  
F.R. Herrmann, U.M. Vischer; 
Dept of Rehabilitation and Geriatrics, Geneva University Hospitals, Thônex/
Geneva, Switzerland.

Background and aims: Albuminuria is considered as an early feature of dia-
betic nephropathy and a strong cardio-vascular risk marker. Yearly screen-
ing for increased urinary albumin excretion rate is currently recommended. 
However, the capacity of albuminuria to predict impaired renal function in 
elderly diabetic persons is unclear.
Materials and methods: We monitored renal function (serum creatinine and 
clearance according to the Cockcroft-Gault formula), urinary albumin excre-
tion, albuminemia and nutritional markers in a survey of very old diabetic 
patients admitted to a geriatric service.
Results: 80 diabetic patients (mean age 82.8+7.4 years) have been included in 
this ongoing survey. Moderate to severe renal impairment (creatinine clear-
ance <40 ml/min) and severe hypoalbuminemia (<30 g/l) were observed in 
38% and 48% patients respectively. Age was associated with renal failure, 
hypoalbuminemia and high urinary albumin/creatinine ratio (ACR). The 
ACR was inversely associated with creatinine clearance (Spearman rho=-0.43 
p=0.016) and albuminemia (rho=-0.42, p=0.16). However, macroalbuminu-
ria (ACR>300 mg/g) was rarely observed in renal failure (23%) or hypoalbu-
minemia (20%). Albuminemia was more strongly related to malnutrition 
markers than to the ACR.
Conclusion: Impaired renal function and hypoalbuminemia are frequent in 
diabetic geriatric patients, but are only rarely accounted for by diabetic ne-
phropathy as defined by macroalbuminuria. Hypoalbuminemia indicates as-
sociated malnutrition more often than diabetic nephropathy. Low creatinine 
clearance should be screened for along with albuminuria to detect impaired 
renal function in these patients.

1061
Increased intact urinary albumin excretion predicts development of 
microalbuminuria in normoalbuminuric type 2 diabetic patients - six-
year follow-up study
T. Narita, M. Hosoba, T. Morii, T. Sato, M. Ishikawa, H. Fujita, Y. Yamada; 
Department of Endocrinology, Diabetes and Geriatric Medicine, Akita 
University Graduate School of Medical Science, Japan.

Background and aims: Conventional immunochemical urinary albumin 
assay underestimates certain portions of intact (not fragmented) albumin. 

High performance liquid chromatography (HPLC) method can detect total 
intact urinary albumin accurately. However a few studies reported advan-
tage of HPLC method compared with immunochemical ones. This study 
evaluated whether increased intact urinary albumin excretion measured by 
HPLC (HPLC-U-Alb) method in normoalbuminuric type 2 diabetic patients 
would predict future development of microalbuminuria (MA) and how are 
the clinical characteristics of MA progressors with high HPLC-U-Alb level 
at baseline.
Materials and methods: We analyzed HPLC-U-Alb levels of first voided 
morning urine samples (geometric means of three serial samples) in 105 nor-
moalbuninuric type 2 diabetic out-patients (mean age of 58.8 years; 51 males 
and 54 females) defined as normoalbuminuria (turbidmetric immunoassay 
urinary albumin [TIA-U-Alb] < 30mg/gCr in all three serial spot urine sam-
ples measured within one year prior to the registration) and followed during 
six years. Development of microalbuminuria were defined as two consecutive 
spot TIA-U-Alb > = 30mg/gCr in our outpatients clinic.
Results: Of 105 patients, 20 progressed to MA. Baseline HPLC-U-Alb in 
progressors were significantly higher (ANOVA followed by post-hoc Scheffe 
method) than in non-progressors and 36 control subjects (HPLC-U-Alb: 22.8 
+/- 9.8, 15.5 +/- 6.7 and 12.3 +/-5.2 mg/gCr, respectively). Baseline TIA-U-
Alb in progressors was also significantly higher than in non-progressors and 
controls. However, HPLC-U-Alb did not significantly correlated with TIA-
U-Alb in progressors (r = 0.015). In contrast, HPLC-U-Alb significantly cor-
related in non-progressors and controls (r = 0.391 and 0.401, respectively). 
Urinary N-acetylglucosaminidase (NAG) at baseline significantly correlated 
with HPLC-U-Alb in diabetic patients but not in controls (Fig). No correla-
tions between NAG and TIA-U-Alb were found in either diabetic patients or 
controls. At baseline, progressors had higher HbA1C level, higher rates of 
having retinopathy and higher rate of insulin usage. Cox’s proportional haz-
ards model including several clinical characteristics of patients as variables 
indicated that higher HPLC-U-Alb at baseline was an independent predic-
tor of MA development as well as having retinopathy and high age in our 
patients.
Conclusion: Increased HPLC-U-Alb in normoalbuminuric diabetic patients 
predicts future development of MA with relation with urinary NAG eleva-
tion, indicating tubular dysfunction of diabetic patients. Immuno-chemical 
measurement of U-Alb cannot detect this renal dysfunction in normoalbu-
minuric diabetic patients. 

1062
Serum bilirubin level is associated with susceptibility to diabetic 
microvascular complications
H. Endo, H. Furuta, K. Terao, Y. Furukawa, S. Matsuno, T. Takagi, M. Nishi, 
H. Sasaki, K. Nanjo; 
The First Department of Medicine, Wakayama Medical University, Japan.

Background and aims: Bilirubin is an antioxidant and antiinflammatory 
substrate and the inverse association of serum bilirubin levels with the risk 
of coronary artery disease has been reported. We hypothesized that higher 
levels of bilirubin would reduce susceptibility to diabetic microvasculer com-
plications.
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Materials and methods: We compared serum total birilubin levels and the 
prevalence of nephropathy and retinopathy in 532 type 2 diabetic patients. 
Nephropathy positive was defined by the presence of microalbuminuria, 
overt proteinuria, or an elevated serum creatinine level.
Results: Bilirubin levels were higher in patients without than in those with 
complications (0.74±0.30 vs. 0.65±0.28 mg/dl, p<0.001, for nephropathy, 
0.74±0.29 vs. 0.66±0.29 mg/dl, p=0.002, for retinopathy, mean±SD) Multi-
ple logistic regression analysis, adjusted for other risk factors (sex, duration 
of diabetes, body mass index, hemoglobin A1c, hypertension, dyslipemia, 
smoking), showed a inverse association between the serum bilirubin levels 
and the prevalence of nephropathy (odds ration [OR] 0.35, 95% confidence 
interval [CI], 0.17-0.72, p=0.005) or the prevalence of retinopathy (OR 0.51, 
95% CI, 0.25-1.02, p=0.057). We also found a positive correlation between 
bilirubin levels and estimated glomerular filtration rate (r=0.149, p<0.001) in 
multiple regression analysis.
Conclusion: Higher serum total bilirubin level is associated with reduced 
susceptibility to diabetic microvascular complications.

1063
Visceral adiposity and progression of diabetic nephropathy in patients 
with type 2 diabetes
D.-H. Cho, J.-O. Chung, D.-J. Chung, M.-Y. Chung; 
Department of Endocrinology and Metabolism, Chonnam National 
University Medical School, Gwang-Ju, Republic of Korea.

Background and aims: Visceral adiposity is strongly associated with insulin 
resistance. Many studies demonstrated that obesity and insulin resistance were 
known as one of progression factors for chronic kidney disease (CKD). Fur-
thermore, there is a strong correlation between body mass index (BMI) and the 
relative risk of progression of CKD. Although waist circumference (WC) is a 
fairly good correlate of the amount of total abdominal fat, it cannot distinguish 
visceral adiposity from the amount of subcutaneous abdominal fat. Ultrasound 
(US) measurements have been recently shown to correlate better with visceral 
adiposity than anthropometric measurements. The aim of our study was to elu-
cidate whether visceral fat thickness (VFT) measured by ultrasonography is as-
sociated with progression of diabetic nephropathy in type 2 diabetic patients.
Materials and methods: We recruited a total of 249 type 2 diabetic patients 
(116 men and 133 women) with CKD (≥ stage 2) by diabetic nephropathy 
and followed for 2.6±1.4 years. Renal function was evaluated by serum cre-
atinine levels, estimated glomerular filtration rate (eGFR) (calculated by the 
Cockcroft-Gault equation) and urinary albumin/creatinine ratio (ACR). An-
thropometric, clinical, and laboratory data were measured. US procedures 
were performed by the same examiner using a 3.5-MHz probe. US-deter-
mined VFT was defined as the distance between the internal face of the rectus 
abdominis muscle and the anterior wall of the aorta.
Results: Overall, the mean age was 56.3±10.9 years, duration of diabetes 
11.5±7.0 years, HbA1C 7.7±2.9%, ACR 859.4±562.7 mg/gCr, serum creati-
nine 2.0±1.2 mg/dL, and systemic blood pressure (BP) 149.5±25.3/91.6±15.2 
mmHg. Mean calculated GFR was 36.1 ±29.6 mL/min/1.73m2. Of the study 
population, 75 patients (30.1%) were smokers or exsmokers, 223 patients 
(89.6%) were having hypertension, and 237 patients (95.2%) were taking an-
giotensin converting enzyme inhibitor or angiotensin receptor blocker. BMI 
(r = 0.463; p< 0.001), WC (r = 0.511; p< 0.001), age (r = 0.356; p< 0.05), 
duration of diabetes (r = 0.216; p< 0.05), and HOMA-IR (r = 0.264; p< 0.05) 
were significantly correlated with US-determined VFT. But serum creatinine, 
eGFR, ACR, lipid profiles, HbA1C, and systolic and diastolic BP were not cor-
related with VFT. Mean yearly change of eGFR was 5.8±4.1 mL/min/year. 
Yearly change of eGFR was positively correlated with baseline US-deter-
mined VFT (r = 0.271; p< 0.05). Changes of ACR or serum creatinine were 
not significantly correlated with VFT.
Conclusion: Our data suggests that chronic kidney disease is associated with 
an increased prevalence of visceral obesity and visceral adiposity measured 
by ultrasonography may be predictor of progression of diabetic nephropathy 
in patients with type 2 diabetes.

1064
Association between diabetic nephropathy and atherosclerosis
M. Higa, K. Yamashita, S. Usui, T. Ichijyo, H. Ouchi, N. Hiroi; 

Internal Medicine, Saiseikai Yokohamashi Tobu Hospital, Yokohama, Japan.
Background and aims: The link between nephropathy, particularly micro-
albuminuria, and cardiovascular disease, is becoming increasingly apparent. 

Diabetic nephropathy and cardiovascular disease share many risk factors. 
We postulated that insulin resistance may have a role in the contributor to 
microalbuminuria and cardiovascular disease. The aim of this study was to 
assess the associations between diabetic nephropathy and structural changes 
in arteries, such as carotid intima-media thickness (IMT) in type 2 diabetic 
patients, and determine the pathogenesis.
Materials and methods: The subjects of this study were 56 type 2 diabetic 
patients (age 57.5±10.7 years, 34 males and 22 females). They were divided 
into 3 groups according to level of urinary albumin excretion (UAE); a group 
of 29 patients with normoalbuminuria (N-group), a group of 13 patients with 
microalbuminuria (M-group), and a group of 14 patients with macroalbu-
minuria (MA-group). The IMT of the common carotid artery was measured 
by ultrasonography. The following parameters were compared among the 3 
groups; blood pressure, plasma glucose, insulin and lipid levels, and serum 
adiponectin levels. We assessed insulin resistance using fasting IRI levels and 
the products of insulin and free fatty acid (FFA) levels (IRI × FFA). Carnitine 
is required in mammalian tissue to transfer long-chain acyl CoAs across the 
inner mitochondrial membrane for β-oxidation. Plasma acylcarnitine level 
(ACAT) is a marker of mitochondrial β-oxidation. ACAT levels were meas-
ured in 18 out of 56 patients.
Results: No significant differences in age, duration of diabetes, BMI, smok-
ing, or kind of antihypertensive agent used were found between the 3 groups. 
Systolic blood pressure in the M-group and MA-group were significantly 
higher (p<0.01) than in the N-group. There were no significant differences 
in HbA1c, lipid, serum creatinine or adiponectin levels among the 3 groups. 
IMT level in the M-group was 1.13±0.32 mm which was significantly higher 
than those in the N-group and MA-group ( 0.89±0.26 mm, 0.92±0.18 mm, 
respectively). Serum IRI level in M-group was 16.1±19.6μU/ml which was 
significantly higher (p<0.05) than those in the N-group and MA-group. A 
significant positive correlation was found between log UAE and serum IRI 
(r=0.46, p<0.05), and it was found, furthermore, that serum IRI level showed 
a significant positive correlation with IMT. Log UAE showed positive cor-
relations with IRI×FFA (r=0.57, p<0.05) and ACAT levels (r=0.57, p<0.05), 
respectively.
Conclusion: Microalbuminuria was associated with structural changes in 
arteries, such as IMT in this study. Insulin resistance might contribute to the 
development of both macroangiopathy and diabetic nephropathy. Further-
more, ACAT as a marker of mitochondrial β-oxidation may contribute to the 
development of macroangiopathy in diabetic nephropathy.
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Do analogue insulins have nephroprotective effects?
C. Hasslacher1,2, J. Moecks3; 
1Innere Medizin, St. Josefskrankenhaus, 2Diabetesinstitut Heidelberg, 
3Bioscience Club Heidelberg, Heidelberg, Germany.

Background and aims: In diabetic patients with nephropathy an improved 
metabolic activity as well as a decrease of the postprandial hyperperfusion 
have been shown in case of the analogue insulin (AI) Lispro compared to 
human insulins (HI). Both factors could positively influence the nephropathy 
course through improved metabolic control and favourable renal hemody-
namics. We investigated the influence of the treatment with AI or HI on renal 
functional parameters.
Materials and methods: The medical files of all outpatient type 1 diabetics 
between June 1, 2004 and December 31, 2006 have been reviewed and strati-
fied according to the type of insulin therapy (AI, HI, mixed therapy). Exclu-
sion criteria were pregnancy, dialysis, erythropoietin therapy, severe systemic 
disease, mixed insulin therapy (AI plus HI), insulin therapy shorter than 24 
months. 68 diabetic patients received human insulin and 117 received ana-
logue insulin (glargin 65%, lispro 59%, aspart 34%, detemir 22%, glusiline 
4%). Besides demographic and clinical findings the following parameters 
were methods using standard methods: e GFR (CCL), albumin excretion 
(AE), Hb, HbA1c, hsCRP.
Results: Concerning the demographic parameters (age, gender, diabetes du-
ration, BMI, prevalence of hypertension, antihypertensive therapy) patients 
with or without renal insufficiency (CCL >or< 90 ml/min) receiving AI and 
HI did not differ from each other. However, patients with AI and CCL < 90 
ml/min showed significantly better renal function parameters than patients 
with HI: CCL 69 ml/min vs. < 55.6 ml/min; AE 50.5 vs. 143 mg/l. The Hb 
levels were also significantly higher with AI: 14.0 vs. 13.2 g/dl. In case of CCL 
< 60 ml/min the differences were most distinctive. The metabolic control was 
not different (Hba1c 7.7% vs. 7.9%). In a regression analysis of the treatment 
effect considering numerous confounders (age, gender, diabetes duration, 
BMI, hypertension, ACE-AT1-therapy) the positive effect of an AI-therapy 
did remain. In consideration of the better renal function of the patients treat-
ed with AI this positive effect was also measurable in a detailed analysis of the 
therapeutical effect on the Hb level.
Conclusion: Type 1 diabetics with renal insufficiency had better renal values 
and a higher Hb level under AI therapy than patients under HI therapy. The 
cause for this finding described for the first time is unclear; a higher effect on 
the Hb synthesis is to be discussed so that the negative effects of an anaemia 
on the nephropathy progression are reduced. A positive influence on the re-
nal haemodynamics through AI with consecutively lower loss of filtrate and 
higher Hb levels can not be excluded either. Prospective studies are necessary 
for confirming and clarifying this positive effect of AI.
Supported by: Lautenschläger Stiftung Diabetes Heidelberg

1066
Cholecystokinin ameliorates diabetic renal injuries via anti-
inflammatory effects
S. Miyamoto, K. Shikata, M. Sasaki, S. Nishishita, C. Sato, H. Kataoka,  
R. Kodera, D. Hirota, N. Kajitani, H. Makino; 
Department of Medicine and Clinical Science, Okayama University 
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, 
Okayama, Japan.

Background and aims: We previously reported that blockade of inflamma-
tory axis via ICAM-1 protects against renal injuries after induction of diabe-
tes, suggesting that low grade inflammation, i.e. “microinflammation”, plays 
a pivotal role in the pathogenesis of diabetic nephropathy. DNA microarray 
analysis revealed that cholecystokinin (CCK) is up-regulated in the kidneys 
of diabetic wild type mice but not increased in diabetic ICAM-1 deficient 
mice. CCK is a peptide with various functions including gastrointestinal 
homeostasis and neurotransmission, yet little is known about renal effects 
of CCK. Two types of CCK receptors, types A and B, have been identified 
in kidney tissues (glomeruli, tubules) and cultured macrophages. We have 
recently shown that deficiency of both CCK-A and B receptors accelerates 
renal injuries in streptozotocin (STZ) -induced diabetic mice. The aim of this 

study is to investigate the protective effects of CCK against progression of 
diabetic nephropathy.
Materials and methods: (1) Sprague-Dawley rats were divided into three 
groups: non-diabetic controls received continuous saline infusion, diabetic 
group received continuous saline infusion (DM), and diabetic group received 
continuous CCK octapeptide (CCK-8s) infusion (DM-CCK). Diabetes was in-
duced by STZ, and CCK-8s or saline were infused subcutaneously via osmotic 
pumps over a two months period. Glomerular size and mesangial matrix area 
were assessed by morphometric analysis. Total RNA was extracted from kid-
neys, and expressions of proinflammatory genes in kidney tissues were exam-
ined by quantitative real-time RT-PCR. Macrophage infiltration into glomeruli 
and the expression of type-IV collagen were assessed by immunostaining.
(2) Cultured human macrophages (PMA-treated THP-1 cells) were treated 
with CCK-8s, control peptide or vehicle for 24h. Expressions of proinflam-
matory genes were examined by quantitative real-time RT-PCR.
Results: (1) DM-CCK showed reduced albuminuria as compared with DM 
(Mean value; 416 vs. 1160 μg/day, p<0.01), whereas there was no significant 
difference in HbA1c and systolic blood pressure between both diabetic groups. 
Glomerular size was similar between DM-CCK and DM, but mesangial matrix 
area was significantly reduced in DM-CCK than in DM (6.3 vs. 13.9 %, p<0.0001). 
Gene expression of ICAM-1, CD68 and TGF-β were significantly inhibited in 
both kidney cortex and isolated glomeruli of DM-CCK as compared with DM 
(p<0.05). The intensity of type-IV collagen in glomeruli was decreased in DM-
CCK as compared with DM (P<0.01). The number of macrophage infiltrated into 
glomeruli was markedly decreased in DM-CCK than in DM (P<0.0001).
(2) Cultured macrophages treated with CCK-8s suppressed mRNA expression 
of TNF-α and IP-10 as compared with control peptide and vehicle (P<0.05).
Conclusion: Our results have shown that CCK-8s ameliorates inflammatory 
reactions and tissue injuries in diabetic kidneys, and that CCK-8s inhibits the 
production of proinflammatory cytokines from cultured macrophages. These 
findings suggest that CCK exerts protective effects against progression of dia-
betic nephropathy via anti-inflammatory effects. CCK may be beneficial for 
the treatment of diabetic nephropathy.
Supported by: Grant-in-Aid for Scientific Research from Ministry of Education, 
Culture, Sports, Science and Technology of Japan

1067
α-linolenic acid protects against palmitic acid toxicity via inhibition of 
endoplasmic reticulum stress in renal proximal tubular cells 
E. Katsoulieris, J.G. Mabley, I.C. Green, P.K. Chatterjee; 
Pharmacy and Biomolecular sciences, University of Brighton, United 
Kingdom.

Background and aims: The saturated fatty acid palmitic acid (PA) causes cell 
death and induces endoplasmic reticulum (ER) stress in vitro. The aim of this 
study was to evaluate the protective effects of a polyunsaturated fatty acid, 
α-linolenic acid (ALA) against PA-induced ER stress and loss of renal cell 
viability and to examine the signaling mechanism.
Materials and methods: Cytotoxicity was assessed by measuring MTT reduc-
tion, LDH release or Hoechst-propidium iodide (HPI) staining for apoptosis 
and necrosis in renal proximal tubular NRK-52E cells. ER stress was evalu-
ated by Western blotting against the markers CHOP, phosphorylated eIF2α 
(p-eIF2α) and the protein chaperone glucose regulated protein 78 (GRP78).
Results: Co-treatment with 100μmol/L ALA prevented palmitic acid in-
duced cellular release of LDH and increased MTT reduction from 43.8±3.47 
to 75.31±3.81% (P<0.01). α-linolenic acid (ALA) decreased palmitic acid-in-
duced apoptosis from 17.1 ± 2.6 to 4.2 ± 0.7% and necrosis from 9.6 ± 1.7 
to 2.1 ± 0.4%. Addition of wortmannin (100nmol/L), a phosphatidylinositol 
3-kinase (PI3K) inhibitor, did not inhibit the protective effects of ALA against 
palmitic acid-induced LDH release and MTT reduction. PA (300 µmol/L) 
increased GRP78 expression from 0.33±0.02 to 0.41±0.01 arbitrary units (n = 
3, P < 0.05), CHOP from 0.19±0.04 to 0.88±0.14 (n = 6, P < 0.05) and p-eIF2α 
from 0.32±0.03 to 0.70±0.03 (n = 5, P < 0.05). Expression of the latter two 
proteins was reduced in the presence of ALA to levels in untreated cells. In 
the absence of palmitic acid, but the presence of salubrinal, which maintains 
eIF2α in the phosphorylated state, ALA also decreased salubrinal-induced 
p-eIF2α and CHOP levels from 0.69±0.02 and 0.73±0.03 to 0.54±0.04 (n = 6, 
P < 0.01) and 0.52±0.07, respectively (n = 10, P < 0.05).
Conclusion: These results suggest that α-linolenic acid protects renal proxi-
mal tubular cells against palmitic acid induced apoptosis. This protection 
may involve reduction of ER stress caused by palmitic acid, at the level of 
eIF2α phosphorylation.
Supported by: Diabetes UK, Kidney Research UK
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1068
Effects of CB1 blockade in experimental diabetic nephropathy
F. Barutta, S. Giunti, R. Mastrocola, S. Pinach, L. Giardino, M.P. Rastaldi,  
P. Cavallo Perin, G. Gruden; 
Department of Internal Medicine, University of Turin, Italy.

Background and aims: Diabetic nephropathy is characterized by increased 
glomerular permeability to proteins. Podocyte abnormalities have been im-
plicated in the pathogenesis of the diabetic proteinuria, but the underlying 
mechanism/s remains unclear. The CB1 endocannabinoid receptor is pre-
dominantly localised in the central nervous system; however, recent studies 
have shown that it is also expressed by peripheral tissues and plays a role 
in the pathogenesis of chronic degenerative diseases. Our aim was to assess 
whether the CB1 receptor is expressed in the glomeruli in both normal and 
diabetic mice and if CB1 blockade affects expression of podocyte slit dia-
phragm proteins and proteinuria in experimental diabetes.
Materials and methods: Male C57Bl6 mice were made diabetic by intraperi-
toneal (IP) injection of streptozotocin in citrate buffer. Control mice were in-
jected with citrate buffer alone. After the onset of diabetes both control (ND 
n=10) and diabetic mice (DM n=14) were treated with either AM251, a selec-
tive CB1-receptor antagonist (1 mg/kg IP daily), or vehicle. Fourteen weeks 
after the induction of diabetes, urine were collected to perform measurement 
of the urinary excretion of albumin and a blood sample taken for blood glu-
cose and glycated haemoglobin measurements. Mice were sacrificed, kidneys 
removed, and both immunofluorescence and immunohistochemistry were 
performed to examine CB1, nephrin, synaptopodin, and zonula occludens-
1 (ZO-1) glomerular expression. Quantification of the percentage area of 
staining of positive cells was performed in 20 glomeruli for each section in a 
blinded manner.
Results: Diabetic mice showed a significant increase in both plasma glucose 
and glycated haemoglobin levels. Within the glomeruli CB1 receptor expres-
sion localised predominantly to podocytes and was significant greater in the 
diabetic than in the control animals (DM: 4.32 ± 0.28 vs ND: 2.76 ± 0.45, 
percentage area, p<0.02). Treatment with AM251 reduced CB1 expression in 
the controls and normalised it in the diabetic mice (ND+AM251: 1.11 ± 0.62, 
DM+AM251: 2.16 ± 0.23, p=ns ND vs DM+AM251). Albuminuria was sig-
nificantly (p<0.001) increased in the diabetic animals [DM: 372.34 (250.61-
650.84) μg/18hrs, geometric mean (25th-75th percentile)] as compared to 
the controls [ND: 33.41 (27.48-39.06)] and ameliorated by treatment with 
AM251 [ND+AM251: 24.15 (15.99-38.91); DM+AM251: 167.71 (125.78-
250.74); p<0.01 DM vs DM+AM251]. In the diabetic mice the increase in al-
buminuria was paralleled a significant reduction in nephrin expression (ND: 
26 ± 6.1; DM: 12.8 ± 2.2; p<0.01). This effect was completely prevented in 
the diabetic mice treated with AM251 (ND+AM251: 28 ± 3.3; DM+AM251: 
21.2 ± 1.9, p<0.05 DM+AM251 vs DM; p=ns DM+AM251 vs ND). Similarly, 
diabetes-induced ZO-1 downregulation was entirely abolished in AM251-
treated diabetic mice (ND: 23.1 ± 2.2; ND+AM251: 24.3 ± 3; DM: 6.7 ± 1.4; 
DM+AM251: 22.9 ± 2.3, p<0.001 DM vs ND and ND+AM251; DM+AM251 
vs DM). No significant changes in synaptopodin expression were observed 
among groups.
Conclusion: These findings demonstrate that in experimental diabetes there 
is CB1 receptor overexpression and that CB1 blockade ameliorate diabetic 
proteinuria, possibly via prevention of podocyte slit diaphragm protein loss.
Supported by: SID Grant

1069
Exendin-4 ameliorates renal injuries through anti-oxidative and anti-
inflammatory effects in type 1 diabetic rats
R. Kodera, H. Kataoka, K. Shikata, C. Sato, M. Sasaki, S. Nishishita,  
S. Miyamoto, D. Hirota, N. Kajitani, D. Ogawa, H. Makino; 
Department of Medicine and Clinical Science, Okayama University 
Graduate School of Medicine Dentistry and Pharmaceutical Sciences, 
Okayama, Japan.

Background and aims: We have recently shown the renoprotective effects 
of exendin-4 independent of blood glucose lowering actions using strepto-
zotocin induced diabetic rats. In addition, we have demonstrated that GLP-1 
receptor is expressed in glomeruli, tubular epithelium, arterioles and cultured 
macrophage (THP-1 cell). The aim of this study is to clarify the mechanism of 
protective effects of exendin-4 against diabetic nephropathy.
Materials and methods: Five-week old male Sprague-Dawley rats were di-
vided into four groups: non-diabetic: ND, non-diabetic rats treated with ex-

endin-4: ND+EX, diabetic rats without treatment: DM, diabetic rats treated 
with exendin-4: DM+EX. Rats were administered intraperitoneally with ex-
endin-4 (10μg/kg/day, ND+EX and DM+EX) or vehicle (ND and DM) every 
day for 8 weeks. To examine the effects of exendin-4, we measured urinary 
albumin excretion and creatinine clearance and evaluated the renal histo-
logical morphometry. We also examined the expression of CD14, MCP-1, 
TGF-β1, ICAM-1 in kidney tissues by quantitative real-time RT-PCR and 
immunostaining. In addition, to clarify the locarization of GLP-1 receptor in 
glomerulus, we examined gene expression of GLP-1 receptor in cultured hu-
man glomerular endothelial cell, murine mesangial cell and epithelial cell. To 
investigate the mechanism for renoprotective effects of exendin-4, we meas-
ured the urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) and examined 
nonphagocytic NADPH oxidase 4(NOX4) in the kidney.
Results: Exendin-4 significantly reduced urinary albumin excretion (Mean 
values; DM 2,215μg/day, DM+EX 713μg/day, DM vs DM+EX: P<0.05) with-
out change of blood glucose levels and blood pressure. Exendin-4 significant-
ly attenuated glomerular size (glomerular size; ND: 6.7×103μm2, ND+EX: 
7.0×103μm2, DM: 9.0×103μm2, DM+EX: 7.7×103μm2 DM vs DM+EX: 
P<0.01) and mesangial matrix expansion (mesangial matrix index; ND: 2.9%, 
ND+EX: 2.8%, DM: 8.0%, DM+EX: 2.9%, DM vs DM+EX: P<0.05). Exendin-
4 also significantly reduced mRNA expression of CD14, TGF-β1 and ICAM-
1(P<0.05) in kidney tissues. Expression of MCP-1 was reduced by exendin-4, 
however, there was no statistical significance. Immunohistochemical analysis 
revealed that exendin-4 suppressed macrophage infiltration and expression 
of type IV collagen and ICAM-1 in the kidney of diabetic rats. In addition, 
exendin-4 significantly reduced the urinary excretion of 8-OHdG and the ex-
pression of 8-OHdG in the glomeruli in diabetic rats. NOX4 was significantly 
reduced in the glomeruli of diabetic rats by exendin-4 treatment. GLP-1 re-
ceptor was expressed in glomerular endothelial cell.
Conclusion: The current results suggest that exendin-4 decreased the expres-
sions of NOX4 and 8-OHdG in the glomeruli via GLP-1 receptor expressed 
on glomerular endothelial cell in diabetic rats. Exendin-4 also prevented the 
expression of ICAM-1 and macrophage infiltration in diabetic glomeruli. 
Exendin-4 may ameliorate diabetic nephropathy through anti-oxidative and 
anti-inflammatory effects.
Supported by: Scientific Research from the Ministry of Education, Science, Cul-
ture, Sports and Technology of Japan

1070
Aldosterone blockade improves nephropathy by reducing renal NADPH 
oxidase induced oxidative stress in the diabetic hypertensive rats
B.S. Pessôa, F.K. Hassui, J.M. Lopes de Faria, J.B. Lopes de Faria; 
Department of Internal Medicine, University of Campinas (UNICAMP), 
Brazil.

Background and aims: It has been shown that the blockade of aldosterone 
ameliorates nephropathy in patients and in animal models of diabetes mel-
litus (DM). Reduction of oxidative stress and/or renal inflammation had been 
implicated in the mechanism by which aldosterone blockade improves neph-
ropathy. However, in these studies blood pressure reduction with aldosterone 
blockade could not be ruled out as a contributor to this beneficial effect. The 
aim of this study was to investigate the hypothesis that aldosterone blockade 
may improve nephropathy by reducing oxidative stress and independently of 
its antihypertensive effect.
Materials and methods: Spontaneously hypertensive rats (SHR), with 4 
weeks of age, were rendered diabetic by intravenous injection of streptozo-
tocin. Blood glucose levels of ≥ 270 mg/dL were considered diabetic. The 
diabetic animals were randomized to receive or not an aldosterone blocker, 
spironolactone (50mg/kg/day), in drinking water. The albumin excretion rate 
was determined in 24 h urine by radial immunodiffusion. After 20 days or 8 
weeks of treatment, the rats were euthanized and kidneys collected. Changes 
induced in DNA by oxidative stress and infiltration of macrophages were 
evaluated by immunohistochemistry for 8-OHdG and ED1, respectively. 
NADPH-induced superoxide generation was assessed by lucigenin-enhanced 
chemiluminescence. NADPH oxidase subunit p47phox and fibronectin were 
assessed by Western Blot.
Results: Plasma glucose levels were significantly (p<0.0001) higher in un-
treated diabetic rats and it was not modified by spironolactone. Likewise, 
systolic blood pressure was unaltered by diabetes or by treatment with 
spironolactone (control=159±10, untreated diabetic=156±17, spironolactone 
diabetic=151±2 mmHg). Albuminuria was higher in the diabetic group com-
pared to control (216(129-265) vs 625(412-752) µg/24h, p=0.0062) and it was 
reduced to 474(249-547), p=0.0283, with aldosterone blockade. Tubulointer-
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stitial expression of 8-OHdG was higher in diabetic rats when compared to 
controls (292±112 vs 555±86 positive cells/50 high field, p=0.0008, and de-
creased in rats treated with spironolactone for 20 days (457±54, p=0.0143). 
There was no increase in the expression of ED1 in diabetic animals when 
compared to controls in treatment for 20 days and 8 weeks (59±18 vs 53±19 
vs 55±22 positive cells/50 high field, 20 days of treatment; 113±35 vs 133±71 
vs 158±31, 8 weeks of treatment). The production of superoxide induced 
by NADPH oxidase was higher in diabetic rats when compared to controls 
(3.0±0.52 vs 6.8±2.28 RLU/20s/mg, p=0.0143, 20 days of treatment; 4.7±2.70 
vs 9.4±2.46, p=0.025, 8 weeks of treatment) and was reduced in 8 weeks-treat-
ed rats (4.8±1.9, p=0.0389). Western blotting analysis showed an increase in 
expression of the p47phox subunit of NADPH oxidase in the diabetic group 
versus control group (0.43±0.24 vs 1.15±0.3 arbitrary units, p=0.0004) and re-
duction with 20 days of treatment (0.33±0.11, p<0.0001). Fibronectin expres-
sion was enhanced in 8-week diabetic rats compared to controls (1.45±0.71 
vs 2.54±1.27 arbitrary units, p=0.062) and the treatment reduced to normal 
levels (1.07±0.62, p=0.0211).
Conclusion: These results suggest that spironolactone ameliorates nephropa-
thy in the diabetic hypertensive rats by diminish NADPH oxidase-induced 
oxidative stress and without affecting blood pressure.
Supported by: FAPESP, CAPES, CNPq

1071
Polymorphism in the angiotensin II type-1 receptor gene and 
renoprotective effect of losartan
S. Andersen1, L. Tarnow1, P. Rossing1, M. Lajer1, H.-H. Parving2,3; 
1Steno Diabetes Center, Gentofte, 2Department of Endocrinology, 
Rigshospitalet, Copenhagen, 3Faculty of Health Science, Aarhus, Denmark.

Background and aims: The angiotensin II type-1 receptor (AT-1) mediates 
the major hemodynamic and trophic actions of angiotensin II. The C allele of 
the 1166 A/C gene polymorphism in the AT-1 receptor has been associated 
with severe hypertension and previous studies have suggested that the renal 
and systemic responses to angiotensin-II receptor-blockers (ARB) are related 
to this polymorphism. We investigated whether the 1166 A/C polymorphism 
is related to reductions in blood pressure, albuminuria and preservation of 
glomerular filtration rate (GFR) during short-term and long-term treatment 
with losartan 100 mg in 61 hypertensive type 1 diabetic patients with diabetic 
nephropathy.
Materials and methods: After a 4-week wash-out period, patients received 
losartan (100 mg o.d.) and were followed prospectively with a mean fol-
low-up of 36 months. After 4 months with losartan as monotherapy, other 
antihypertensive medication was added to achieve a blood pressure target 
below 135/85 mmHg. At baseline, after 4 months and every 6 months there-
after, GFR (51Cr-EDTA-clearance), albuminuria and 24 h blood pressure 
were determined. The 1166 A/C polymorphism was determined by standard 
polymerase chain reaction (PCR). Investigators and patients were masked to 
genotypes.
Results: The AA, AC and CC genotypes were found in 46%, 44 % and 10 % 
of the patients, respectively. Patients homozygous or heterozygous for the C 
allele were combined in one group as in previous studies. At baseline, GFR, 
albuminuria and blood pressure were similar in the two groups, AA vs. AC/
CC: (mean (SE)), 86 (5) vs. 88 (4) ml/min/1.73m2; geometric mean (95 % CI) 
1080 (778 - 1498) vs. 1291 (940-1775) mg/24 h; mean (SE) 148/80 (4/2) vs. 
154/81 (3/2) mm Hg. After 4 months, blood pressure lowering response was 
more pronounced in the AA compared to the AC/CC group and lowered by 
(mean (SE)) 13/9 (4/1) vs. 8/4 (2/1) mmHg, respectively (systolic and diasto-
lic p < 0.05). Blood pressure reduction was comparable in both groups during 
long-term follow-up. Equalisation of blood pressure reduction may be ex-
plained by additional antihypertensive medication during follow-up, which 
was given to 53 % of patients in the AA group as compared to 76 % in the AC/
CC group (p = 0.07). No significant differences between groups were seen in 
rate of decline in GFR (median (range)): 4 .0 (0-16) vs. 3.6 (0-16 ml/min/year 
(p=0.5). Albuminuria was reduced to the same extend in both groups during 
the initial 4 months and long-term treatment (p>0.1 AA vs. AC/CC).
Conclusion: Our study indicates that presence of the C allele of the 1166 
A/C gene polymorphism in the AT-1 receptor reduces the short-term blood 
pressure lowering response to losartan. Additional antihypertensive medica-
tion may compensate for this and contribute to a similar long-term blood 
pressure lowering effect and comparable decline in kidney function in both 
genotype groups.

PS 96 Predictors of nephropathy
1072
Leptin is a crucial factor responsible for the relationship between 
abdominal obesity and microalbuminuria in patients with type 2 
diabetes
K. Hanai1, T. Babazono1, I. Nyumura1, K. Toya1, T. Hayashi1, M. Ohta1,  
R. Bouchi1, K. Suzuki1, N. Tanaka1, A. Ishii1, Y. Iwamoto2; 
1Division of Nephrology and Hypertension, Diabetes Center, 2Department 
of Medicine, Diabetes Center, Tokyo Women’s Medical University School of 
Medicine, Japan.

Background and aims: Abdominal obesity has been implicated in the patho-
genesis of microalbuminuria in patients with diabetes; however, the mecha-
nisms remain unclear. Increased leptin secretion by adipocytes may be a can-
didate for responsible factors for the relationship between abdominal obesity 
and microalbuminuria, because increased leptin secretion has been demon-
strated to contribute to renal impairment through glomerular hyperfiltra-
tion by activating sympathetic nervous system or direct injury to glomerular 
endothelial and mesangial cells. However, it is controversial whether serum 
leptin levels are associated with microalbuminuria in patients with diabetes. 
We, therefore, conducted a cross-sectional study to clarify the relationship 
between increased serum leptin levels associated with abdominal obesity and 
albuminuria in patients with type 2 diabetes mellitus (T2DM).
Materials and methods: We studied a total of 463 adult Japanese patients 
with T2DM, 212 women and 251 men, with a mean (± SD) age of 61 ± 13 
years. Patients with macroalbuminuria, defined as a urinary albumin-to-cre-
atinine ratio (ACR) ≥ 300 mg/g Cr and those with an estimated glomeru-
lar filtration rate (eGFR) < 15 mL/min/1.73 m2 were excluded. Normo- and 
microalbuminuria was defined as an ACR less than 30 mg/g Cr and 30-299 
mg/g Cr, respectively. Waist circumference was used as a surrogate marker 
of abdominal adiposity. Serum leptin levels were measured by radioimmu-
noassay.
Results: Geometric mean (95% confidence interval [CI]) of serum leptin lev-
els were 5.9 (5.5 - 6.4) ng/mL, overall. Serum leptin levels in patients with 
microalbuminuria (N=111) were significantly higher than those with nor-
moalbuminuria (N=352, 5.6 [5.2 - 6.1] versus 7.0 [6.0 - 8.2] ng/mL, p= 0.012). 
In the Spearman’s correlational analysis, waist circumference was strongly as-
sociated with serum leptin levels (rs= 0.556, p< 0.001). Urinary ACR was sig-
nificantly associated with both waist circumference (rs= 0.187, p< 0.001) and 
serum leptin levels (rs=0.212, p<0.001). In the multiple regression analysis 
adjusted for age, sex, HbA1C, presence of hypertension, presence of dyslipi-
demia and eGFR, the association between waist circumference and urinary 
ACR remained statistically significant (standardized parameter estimate= 
0.167, p< 0.001). When serum leptin level was incorporated in the model 
as an independent variable, urinary ACR was also significantly associated 
with serum leptin levels (standardized parameter estimate= 0.176, p= 0.017), 
whereas statistical significance between urinary ACR and waist circumfer-
ence disappeared (p= 0.230), indicating that effects of waist circumference on 
the urinary ACR may be explained by increased serum leptin levels associ-
ated with abdominal obesity.
Conclusion: Leptin may be a crucial factor responsible for the relationship 
between abdominal obesity and microalbuminuria in patients with T2DM.

1073
Lipid profiles predict progression of renal disease
N. Tolonen1,2, C. Forsblom1,2, J. Wadén1,2, L. Thorn1,2, M.-R. Taskinen3,  
P.-H. Groop1,2, FinnDiane Study Group; 
1Folkhälsan Research Center, Folkhälsan Institute of Genetics, 2Department 
of Medicine, Division of Nephrology, HUCH, 3Department of Medicine, 
Division of Cardiology, HUCH, Helsinki, Finland.

Background and aims: Multiple lipid abnormalities have been observed in 
cross sectional studies and earlier small scale studies have suggested that li-
pid variables might be involved in the progression of diabetic nephropathy. 
However, whether lipid abnormalities play a true role in the pathogenesis 
of diabetic nephropathy is still a matter of debate. Therefore, we decided to 
systematically study the impact of baseline lipid variables on the progression 
of renal disease in a large nation-wide prospective cohort of patients with 
type 1 diabetes.
Materials and methods: A total of 2,304 adult patients with type 1 diabetes 
and centrally measured lipid profiles participating in the Finnish Diabetic 



S 420 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

Nephropathy Study (FinnDiane). Data on progression of renal disease were 
verified from medical files and patients were followed for 5.4 ± 2.0 years. The 
lipid profile included total cholesterol, LDL-cholesterol, triglycerides, total 
HDL (HDL2, HDL3) -cholesterol, apolipoproteins (apoA-I, A-II, B) and ra-
tios. Albuminuria status was defined based on AER in at least two out of 
three collections. 
Results: Patients that developed microalbuminuria (100 out of 1449), had 
higher total cholesterol, non-HDL-cholesterol, triglycerides, ApoB, and trig-
lyceride/HDL-cholesterol ratio at baseline than patients that did not progress 
(p<0.001). In a Cox regression analysis with traditional risk factors (sex, du-
ration, HbA1c, systolic blood pressure, BMI, and smoking), ln-triglycerides 
[HR 1.71 (95% CI 1.17-2.50)] predicted development of incident micro-
albuminuria. When the combined effect of above median triglycerides and 
AER was studied, the risk of microalbuminuria rose from 8.97 (2.73-39.50), 
in patients with above median AER alone, to 14.57 (4.52-47.02), in patients 
with both above median triglycerides and AER. Progressors from micro- to 
macroalbuminuria (50 out of 303) had higher total cholesterol,non-HDL-
cholesterol, triglycerides, ApoB, ApoB/ApoA-I and triglyceride/HDL-cho-
lesterol ratio at baseline than patients that did not progress (p<0.001). In a 
Cox regression analysis, ln-triglycerides [2.69 (1.53-4.71)] independently 
predicted progression to macroalbuminuria. The risk of macroalbuminu-
ria rose from 7.65 (1.69-34.55) in patients with above median AER alone, 
to 16.61 (3.96-69.71), in patients with both above median triglycerides and 
AER. Progressors from macroalbuminuria to end stage renal disease (ESRD, 
92 out of 310) had higher total cholesterol, non-HDL-cholesterol, triglycer-
ides, ApoB, ApoB/ApoA-I and triglyceride/HDL-cholesterol ratio than pa-
tients that did not progress (p<0.001). In a Cox regression analysis, ln-trig-
lycerides [2.30 (1.50-3.53) ] independently predicted progression to ESRD. 
When triglycerides were replaced with the other lipid variables separately, 
high total cholesterol, LDL-cholesterol, non-HDL-cholesterol as well as low 
HDL-, HDL2-cholesterol and ApoA-II concentrations were also predictive of 
progression to ESRD.
Conclusion: Lipid abnormalities, particularly high triglyceride concentra-
tions, increased the risk of progression of renal disease and had an additive 
effect beyond albuminuria.
Supported by: Folkhälsan Research Foundation, the Wilhelm and Else Stock-
mann Foundation, Finska Läkaresällskapet

1074
Incidence of microalbuminuria in patients with type 1 diabetes mellitus 
diagnosed in childhood and adolescence
M. Vannati1, N. Minuto1, A. Pistorio2, M. Haupt1, R. Lorini1,  
G. d’Annunzio1; 
1Department of Pediatrics, 2Department of Biostatistics, G. Gaslini Institute, 
Genoa, Italy.

Background and aims: Type 1 diabetes mellitus (T1DM) is increasing world-
wide and diabetic nephropathy (DN) is a life-threatening long-term compli-
cation. Microalbuminuria (MA) is a precocious marker of DN and its detec-
tion is recommended for screening even since adolescence.
Methods: We estimated the incidence of MA using overnight albumin excre-
tion rate (AER) in 280 T1DM patients. According to ISPAD Guidelines, AER 
values between 20-200 μg/min/m2 (in two of three samples in a 6 months pe-
riod) were considered positive. At screening evaluation, we collected data for 
age, disease duration, pubertal stage, body mass index (BMI-SDS), metabolic 
control (HbA1c), coexistence of autoimmune thyroid and celiac disease, and 
retinopathy screening results.
Results: 164/280 patients were males, age at diagnosis was 1-16.5 yrs (M 7.6± 
SD 3.9), follow-up mean period was 10.7±7.0 yrs and mean age at the end of 
follow-up was 18.2 years (SD 7.6). MA was found in 22/280 patients (7.8%), 
with an incidence rate of 7.36/1000 pts-yr (IC 95%: 4.84-11.17). We found 
a relationship between MA incidence and disease duration <10 years (p = 
<0.0001) and coexistence of retinopathy (p=0.047). Moreover we found a re-
lationship between MA and either mean HbA1c levels in the last year of fol-
low-up ≥ 7.5% (p=0.04) or a high number of follow-up yrs (≥ 85%) with poor 
metabolic control (cut off ≥ 85% according to ROC curve analysis). In 12/22 
patients MA disappeared during follow-up, therefore angiotensin convert-
ing enzyme inhibitor treatment was started in 10/22 patients with persistent 
MA.
Conclusion: Diabetic nephropathy is the most important cause of end stage 
renal disease in adulthood worldwide. DN screening is mandatory in pediat-
ric T1DM patients to identify patients at risk because of genetic background 
or poor metabolic control.

1075
Determinants of decline in glomerular filtration rate in 
normoalbuminuric subjects with and without diabetes
H. Yokoyama1, H. Sone2, K. Saito2, H. Itoh3, M. Haneda3; 
1Internal Medicine, Jiyugaoka Clinic, Obihiro, 2Department of Internal 
Medicine, University of Tsukuba Institute of Clinical Medicine, 3Division of 
Metabolism and Biosystemic Science, Department of Medicine, Asahikawa 
Medical College, Japan.

Background and aims: We investigated whether the slope of estimated 
glomerular filtration rate (GFR) is different between non-proteinuric subjects 
with and without diabetes, and what clinical factors are associated with the 
GFR slope.
Materials and methods: An observational cohort study was performed in 
923 subjects, and the predictive value of baseline variables on the GFR slope 
was investigated.
Results: Based on the median 3-year follow-up and 7 measurements of GFR, 
GFR slope (% per year, median and interquartile range) was significantly 
larger in subjects with diabetes (-2.39 (-4.86- 0.15), N=729) than in those 
without diabetes (-1.02 (-4.28- 1.37), N=194), and this difference remained 
significant with or without presence of hypertension. After adjustments for 
confounding factors, progression promoters of GFR decline were found to be 
baseline high values of HbA1C, GFR, systolic blood pressure and low plasma 
total protein in subjects with diabetes, while the latter two were significant 
in subjects without diabetes. In subjects with diabetes the high GFR was ac-
counted for by high HbA1C at baseline, and the progression promoters dif-
fered between those with and without hypertension, or with high and low 
baseline GFR. Any combination of the promoters showed increased risk for 
GFR decline.
Conclusion: GFR slope is substantially affected by multiple factors at various 
stages. The degree of chronic hyperglycemia is likely to play a crucial role in 
elevating GFR and accelerating the decline in patients with type 2 diabetes 
even from the normoalbuminuric stage.

1076
RAGE polymorphism and serum sRAGE levels are associated with 
diabetic nephropathy in Japanese type 2 diabetic patients
E. Nakashima1,2, A. Watarai1, T. Tsukahara2, T. Matsuki2, K. Naruse2,  
H. Kamiya2, Y. Kobayashi2, T. Shibata2, Y. Oiso2, J. Nakamura2; 
1Metabolic and Endocrinology, Chubu Rousai Hospital, 2Internal Medicine, 
Diabetes and Endocrinology, Nagoya University, Nagoya, Japan.

Background and aims: Diabetic microangiopathy such as retinopathy, ne-
phropathy, and neuropathy are the major causes of lowering quality of life in 
diabetic patients. The ligand-receptor for advanced glycation end products 
(RAGE) axis has emerged as a novel pathway involved in diabetes mellitus 
itself and its vascular complications. As circulating soluble forms of RAGE 
(sRAGE) may reflect the activity of AGE-RAGE axis, it has been proposed 
as a potential mechanism linking hyperglycemia and diabetic microvascular 
complications. Also some previous papers reported the positive relationship 
between RAGE polymorphisms and its blood concentrations. In this cross-
sectional study, therefore, we explored its single nucleotide polymorphisms 
(SNPs) especially AGER-374T/A in correlation with its blood levels and ex-
amined the RAGE SNPs for the possibility as a risk marker of diabetic micro-
angiopathy in Japanese type 2 diabetic patients.
Methods: A total of 289 type 2 diabetic outpatients were enrolled in this 
study. Soluble RAGE was measured by an enzyme-linked immunoassay kit. 
Genotyping of 3 polymorphisms in AGER were performed by polymerase 
chain reaction restriction fragment length polymorphism method. Diabetic 
nephropathy was defined by urine albumin extraction rate (≥ 30 mg/g Cr/
day). Statistical analyses were performed using the program SPSS. Data are 
presented as means ± SD.
Results: There were no significant differences in genotypic or allelic distribu-
tion among patients with or without diabetic retinopathy and neuropathy, 
but there was a significant increase in the frequency of the TA+AA geno-
types at -374T/A in the patients with diabetic nephropathy (P=0.009). The 
serum sRAGE levels were increased in a genotype-dependent fashion only 
at -374T/A (TT<TA<AA, Kruskull-Wallis test, P=0.045). Also serum sRAGE 
levels were higher in the patients with diabetic nephropathy than in those 
without this disease (500±349 ng/ml vs. 417±263 p=0.026), but there were 
no significant differences in patients with or without diabetic retinopathy or 
neuropathy. In Spearman’s correlations, serum RAGE levels were correlated 
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with fasting blood glucose (r=-0.221, P<0.01) and estimated GFR (eGFR) 
(r=-0.221, P<0.01). After adjustment for sex, body mass index, systolic blood 
pressure, diastolic blood pressure, duration of diabetes, and serum levels of 
triglycerides, RAGE, HbA1c and eGFR in multivariate logistic-regression 
analysis, individuals with the TA or TT genotypes were significantly more 
likely to have had a diabetic nephropathy than individuals with the TT geno-
type (Odds ratio 2.01, 95% Confidence Interval 1.13-3.55, P=0.017). 
Conclusion: The serum sRAGE levels and its genotype were associated with 
the prevalence of diabetic nephropathy in Japanese type 2 diabetic patients. 
Our results suggest that the AGER gene polymorphism (-374T/A) and serum 
sRAGE levels might be a risk marker of susceptibility to diabetic nephropathy 
among those patients. Further studies are needed to determine the exact role 
of sRAGE between the relationship of AGE-RAGE axis and the development 
of diabetic nephropathy.
Supported by: Program for Promotion of Fundamental Studies in Health Sci-
ences of National Institute of Biomedical Innovation

1077
Association of a single nucleotide polymorphism in KCNQ1 with 
diabetic nephropathy in Japanese subjects with type 2 diabetes
S. Maeda1, S.-I. Araki2, T. Umezono3, M. Toyoda3, K. Kawai4, M. Imanishi5, 
T. Babazono6, D. Suzuki3, Y. Iwamoto6, A. Kashiwagi2, Y. Nakamura7; 
1Laboratory for Endocrinology and Metabolism, RIKEN Center for 
Genomic Medicine, Yokohama, 2Department of Medicine, Shiga University 
of Medical Science, Otsu, 3Division of Nephrology and Metabolism, 
Department of Internal Medicine, Tokai University School of Medicine, 
Isehara, 4Kawai Clinic, Tsukuba, 5Department of Internal Medicine, Osaka 
City General Hospital, 6Diabetes Center, Tokyo Women’s Medical University, 
7Laboratory of Molecular Medicine, Human Genome Center, Institute of 
Medical Science, The University of Tokyo, Japan.

Background and aims: It has been suggested that genetic susceptibility plays 
an important role in the pathogenesis of diabetic nephropathy, but most of 
genes responsible for the development and progression of diabetic nephropa-
thy remain to be identified. In this study we focus on the KCNQ1 at chro-
mosome 11p15.5, recently identified as a strong susceptibility gene to type 2 
diabetes, as a plausible candidate gene for diabetic nephropathy, and exam-
ined the association of SNPs within the KCNQ1 with diabetic nephropathy in 
Japanese populations.
Materials and methods: We first examined the association of 33 SNPs within 
the KCNQ1 in 1,304 Japanese subjects with type 2 diabetes having diabetic 
retinopathy (Study 1: 747 with overt nephropathy, 557 controls with nor-
moalbuminuria) by using a invader assay. We further examined additional 
2 independent Japanese cohorts for replication studies (Study 2: 300 type 2 
diabetes with end-stage renal disease, 325 type 2 diabetes with normoalbu-
minuria, Study 3: 6 years longitudinal study, 31 cases progressed to overt ne-
phropathy and 168 controls).
Results: Among the 33 SNPs examined, T allele of rs2237897 was nominally 
associated with susceptibility to diabetic nephropathy (OR = 1.29, 95% CI 
1.09 - 1.53, nominal p = 0.002, corrected p = 0.07). Subsequent haplotype 
analyses revealed that common haplotype consisted of 2 SNPs including 
rs2237897 showed nominal association with the disease, but the association 
was not stronger than that of rs2237897 alone. The same trend of the associa-
tion of rs2237897 could be observed in two independent Japanese cohorts 
(Study 2; OR = 1.19, Study 3; OR = 1.16), and combined analysis for all 3 tests 
with a fixed model meta-analysis gave nominal p value of 0.0009 (OR = 1.26, 
95% CI 1.10 - 1.44, corrected p = 0.03).
Conclusion: We have identified significant association of rs2237897 with dia-
betic nephropathy in 3 independent Japanese populations. The results suggest 
that KCNQ1 may play some roles in the pathogenesis of diabetic nephropa-
thy, and can be considered as a new candidate gene for conferring susceptibil-
ity to diabetic nephropathy.

1078
Prevalence and determinants of chronic kidney diseases in a Bangladeshi 
population
A. Afroz1, A. Akter1, F. Ahmed2, N. Awal3, K. Fatema1, L. Ali4, A.K. Azad 
Khan5; 
1Department of Epidemiology & Biostatistics, Bangladesh Institute of Health 
Scinces, 2Bangladesh Diabetic Shomity, 3ORBIS International, 4Department 
of Biochemistry & Cell Biology, BIRDEM, 5Bangladesh Dibetic Somiti, 
Dhaka, Bangladesh.

Background and aims: Chronic kidney diseases (CKDs) are now creating 
substantial burden on health care resources in developing countries and it 
is closely linked with the epidemic of diabetes mellitus. Data on burden of 
diseases and its determinants in a specific population are of vital importance 
in designing proper management and preventive strategies. The present study 
aimed to explore the prevalence and determinants of CKDs in a semi-urban 
and rural population of Bangladesh.
Materials and methods: A total number of 803 adult subjects (male 449, fe-
male 354), aged between 25-67 years, were screened for diabetes in 3 outreach 
camps. Diabetes mellitus was diagnosed by OGTT following WHO criteria 
and nephropathy was diagnosed by urine testing through dipstick, eGFR 
(calculated from serum creatinine) and measurement of albumin-creatinine 
ratio (ACR). Anthropometric measurements were done by standardized 
techniques. Blood glucose was measured by glucose-oxidase method, lipids 
by enzymatic method, creatinine by alkaline picrate method and albumin was 
measured by immunonephelometry. Following a nested case-control design 
an age-matched control group was selected from the non-diabetic subjects 
to compare with cases having abnormal glucose tolerance (AGT). Data were 
analyzed by univariate as well as multivariate statistics.
Results: Out of 803 subjects 113 (14.1%) showed AGT (7.5% diabetes, 5.1% 
IGT and 1.5% IFG). The age-matched 106 cases, who were selected as control, 
did not show proteinuria in the dipstick method, but in the diabetic group 
17 (15.1%) subjects were found to have proteinuria of verifying degrees. As 
judged by eGFR only 9.4% cases in the control group showed normal eGFR; 
the corresponding value in the Diabetic group was even lower (3.5%). Using 
the ACR criteria the prevalence of nephropathy (including incipient neph-
ropathy) in the control group was about 46% (with 41% at stage 3 and 1.9% 
at stage 4) and that in the Diabetic group was 65% (with 51% at stage 3 and 
12.5% at stage 4). On logistic regression analysis nephropathy was found to 
be strongly associated with diabetes even when the confounding variables 
were adjusted.
Conclusion: A large population of adult Bangladeshis, even in semi-urban 
and rural population, are suffering from nephropathy (frank and incipient), 
but those can not be detected by dipstick (under diagnosis) or eGFR (over di-
agnosis). Measurement of ACR, along with OGTT, can detect a large number 
of incipient diabetic nephropathy cases at the field level and this can be used 
as a public health tool for prevention.
Supported by: Bangladesh Diabetic Shomiti & ORBIS International

1079
Thiamine levels and transketolase genetic variants as modifiers of 
progression of diabetic nephropathy
L. Pacal1, J. Tomandl2, V. Tanhauserova1, M. Tomandlova2, D. Krusova3,  
J. Svojanovsky3, S. Stepankova4, J. Belobradkova4, J. Olsovsky3, K. Kankova1; 
1Dept. of Pathophysiology, Masaryk University, 2Dept. of Biochemistry, 
Masaryk University, 3Dept. of Internal Medicine, St. Anne’s University 
Hospital, 4Dept. of Gastroenterology, Faculty Hospital Brno-Bohunice, 
Brno, Czech Republic.

Background and aims: Diabetic complications including diabetic nephropa-
thy (DN) develop due to the complex dysregulation of cellular metabolism 
during hyperglycemia. Accumulation of proximal glycolytic intermediates 
provides substrates for several alternative metabolic pathways producing 
harmful moieties such as advanced glycation end-products, dicarbonyls, 
sorbitol, hexosamines, reactive oxygen and nitrogen species etc. Pentose 
phosphate pathway (PPP) represents potentially “protective” mechanism in 
hyperglycemia since shunting of cumulated glycolytic intermediates (esp. tri-
osephosphates) into the PPP reactions quantitatively limits their processing 
elsewhere. Thiamin status (thiamine and its esters) as cofactors of transke-
tolase (TKT) and genetic variability in the TKT locus - potentially together 
with other genes encoding enzymes of PPP such as transaldolase, TKT-like 
and glucose-6-phosphate dehydrogenase - might contribute to an interindi-
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vidual variability in the onset and progression of DN. The specific aims of the 
study were (i) quantification of plasma and erythrocyte levels of thiamines 
(Th, ThMP, ThDP), (ii) haplotype-based association study of DN with TKT 
variability, (iii) genotype vs. phenotype correlation of TKT variability and 
enzyme erythrocyte activity and (iv) evaluation of prognostic value of those 
biochemical and genetic parameters for the progression of DN.
Materials and methods: A total of 231 diabetic subjects were included in 
the case (DN) - control (non-DN) study (type 1 or 2 diabetics with paral-
lel DN and gender- and age-matched diabetics without organ complications, 
respectively, in ~1:1 ratio), DN cohort followed prospectively for the average 
period of 24 months. SNPs (total n = 15) were genotyped by means of PCR 
using fluorescent-labelled probes (TaqMan®, Applied Biosystems). Haplo-
types were inferred using Bayesian-based algorithm (PHASE). Concentra-
tion of thiamines (plasma and erythrocyte) and TKT catalyzed reaction were 
determined by HPLC.
Results: P-Th, ery- and p-ThDP and ery. activity of TKT differed significantly 
between diabetics with and without DN (P<0.05, Mann-Whitney). There was 
a signif. negative correlation between fasting glycemia and ery-Th and ery-
ThDP (P<0.05, Spearman) and signif. positive correlation between serum cre-
atinin and most of the parameters of thiamine metabolism. Haplotype distri-
bution of TKT differed significantly between DN vs. non-DN groups (P<0.05, 
10 000 permutations). Common haplotype with frequency 21.3% in the whole 
study population (risk-haplotype) exhibited the greatest difference. Carrier 
state of the risk-haplotype was associated with significantly accelerated onset 
of DN (P<0.05) and lower thiamin concentrations but not with TKT activity.
Conclusion: Results suggest that TKT variability and thiamine status modify 
susceptibility and progression of DN.
Supported by: the Ministry of Health of Czech Republic

1080
The effect of alcohol consumption on nephropathy in type 1 diabetic 
patients
M.E. Feodoroff, V. Harjutsalo, C. Forsblom, P.-H. Groop, FinnDiane; 
Folkhälsan Research Center, Helsinki, Finland.

Objective: To study the effect of alcohol consumption on the initiation and 
progression of diabetic nephropathy
Research design and methods: The study included 3,468 type 1 diabetic pa-
tients from the FinnDiane (Finnish Diabetic Nephropathy) study. We studied 
the cross sectional association between alcohol consumption and nephropa-
thy ass well as the effect of alcohol consumption on the progression of neph-
ropathy during follow-up. The alcohol data were collected with questionnaires 
during the base-line visit. The patients were divided in five different groups 
according to their alcohol consumption in grams per week. Because the limit 
of heavy drinking is classified differently for men (≥280g/week) and women 
(≥140g/week) also the groups were formed differently for men (0 g/week, 0-
139,9 g/week, 140-279,9 g/week, ≥280 g/week and former users) and women 
(0 g/week, 0-69,9 g/week, 70-139,9g/week, ≥140g/week and former users). In 
the cross sectional analysis the women consuming more than 70g/week were 
pooled due to the small number of heavy consuming women. The renal status 
was defined according to the albumin excretion in three urine collections. 
Data were analysed with logistic regression analyses. In multivariate analyses 
the data were adjusted for duration of diabetes, HbA1c , systolic blood pres-
sure and smoking status. In the analysis of follow up data men and women 
were pooled and data were adjusted for sex.
Results: According to the cross sectional data ORs for the risk of nephropathy in 
each increasing alcohol consumption group compared with abstainers were for 
men 0.71 (CI 0.50-0.99), 0.61 (CI 0.38-0.98), 0.50 (CI 0.27-0.95) and for former 
users 1.85 (CI 1.01-3.41). Correspoding ORs for women were 0.51 (CI 0.37-
0.71), 0.48 (CI 0.29-0.79) and for former users 0.87 (CI 0.41-1.84). ORs for the 
progression of nephropathy in the follow up data were 1.04 (CI 0.76-1.44), 0.86 
(CI 0.52-1.42), 1.67 (CI 0.91-3.05) and for former users 1.85 (CI 1.04-3.31).
Conclusion: In the cross sectional data we could observe a smaller risk of ne-
phropathy in men and women with present alcohol consumption compared 
with the abstainers. The follow-up data, however, showed that the progres-
sion of nephropathy was equal among alcohol consumers and abstainers. The 
risk of nephropathy was highest in the former alcohol users. This was seen in 
the cross sectional data for men and in the follow up data for both men and 
women. Former heavy alcohol consumption seems to be associated with a 
higher risk of nephropathy. However, it is unclear if alcohol consumption per 
se is a risk factor for nephropathy or could the increased risk of nephropathy 
be explaned with other factors related to higher alcohol consumption.
Supported by: FinnDiane Study Group

1081
The association between increased urinary albumin excretion and insulin 
resistance in subjects at high-risk of type 2 diabetes
S. Jiang1,2, X. Gao1, L. Ren1; 
1Endocrinology & Metablism, 2General Practice, Zhongshan Hospital, 
Shanghai, China.

Background and aims: Insulin resistance has been implicated in the patho-
genesis of increased urinary albumin excretion (UAE) in diabetes. In the cur-
rent study, we investigate the association between increased UAE and insulin 
resistance in a large cohort of subjects at high-risk of type 2 diabetes.
Materials and methods: A total of 471 men and 874 women from the High-
risk for Diabetes Changfen Study, aged 61±10 years with at least one of the 
risk factors for type 2 diabetes which included positive family history of dia-
betes, overweight or obesity, hypertension, dyslipidemia, history of vascular 
disease or history of delivery a big baby(only for women) were included. In-
sulin resistance was derived from the hemeostasis model assessment of insu-
lin resistance (HOMAIR) and UAE was derived from the albumin-to-creati-
nine ratio (ACR) defined as increased if the value was ≥ 40 μg/mg. Abnormal 
glucose metabolism was defined as fasting glucose≥5.6 mmo/L or 2h post 
prandial glucose≥7.8mmo/L in oral glucose tolerance test.
Results: 54 men (11.5%) and 201 women (23.0%) had increased UAE. After 
adjusting for age, gender, overweight or obesity, hypertension, dyslipidemia 
and abnormal glucose metabolism simultaneously, subjects with highest HO-
MAIR (the most insulin resistance) were more often having increased UAE 
than those with the lowest HOMAIR (the least insulin resistance) [Odds ra-
tio (OR) 1.78, 95%CI (1.08-2.92), P=0.023), highest vs. lowest quintile]. For 
women, subjects with highest HOMAIR were more often having increased 
UAE [OR 2.1, 95%CI 1.1-3.9, P<0.05; highest vs. lowest quintile], but for 
men the risk to have increased UAE was not increased [OR 1.2, 95%CI 0.5-
2.9, P>0.05; highest vs. lowest quintile]. In multivariate analyses, increased 
UAE was associated with HOMAIR independent of age, gender, overweight or 
obesity, hypertension, dyslipidemia and abnormal glucose metabolism (OR 
1.76, P=0.000). The correlation between increased UAE and HOMAIR was 
still significant in women (OR 1.66, P=0.009), but was less pronounced and 
non-significant in men (OR 1.06, P>0.05).
Conclusion: In subjects at high-risk of type 2 diabetes, increased UAE 
is strongly associated with insulin resistance. This association seems to be 
stronger in women than in men.

Risk of having increased UAE according to quartiles of HOMAIR in subjects 
at high-risk of diabetes
Quartiles of HOMAIR 
(range)

Whole population 
(n=1345)

Men  
(n=471)

Women  
(n= 874)

1. (0.18-2.37) 1.0 1.0 1.0
2.( 2.38-3.27)
A 1.3 (0.8-2.0) 1.1 (0.5-2.7) 1.1 (0.6-1.9)
B 1.0 (0.6-1.7) 1.9 (0.9-4.3) 1.0 (0.5-1.9)
3.( 3.28-4.42)
A 1.7 (1.07-2.65)* 1.1 (0.5-2.8) 1.5 (0.8-2.6)
B 1.4 (0.84-2.23) 2.1 (0.9-4.6) 1.4 (0.8-2.6)
4.( 4.43-31.6)
A 3.0 (2.0-4.6)*** 1.0 (0.4-2.5) 2.7 (1.6-

4.6)***
B 1.8 (1.1-2.9)* 1.2 (0.5-2.9) 2.1 (1.1-3.9)*
Date are OR (95% CI). A: unadjusted; B: adjusted for age, gender, over-
weight or obesity, hypertension, dyslipidemia and abnormal glucose me-
tabolism. *P<0.05, **P<0.01, ***P<0.001.

Supported by: STCSM
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Fibrinocoagulopathy in chronic kidney disease in patients with elderly 
type 2 diabetes
M. Kameyama, Y. Tamura, Y. Ando, Y. Tojo; 
Division of Diabetology, Toho University Ohashi Medical Center, Tokyo, 
Japan.

Background and aims: Chronic kidney disease (CKD) is now widely ac-
cepted as a risk factor for coronary vascular disease (CVD) and mortality. 
Diabetes mellitus (DM) is a leading cause of CKD in patients with established 
CKD in the world. Macrovascular events such as CVD, especially in elderly 
DM, are most likely due to thrombotic process of the large arteries. The aim 
of this study was to evaluate the relationships between the blood coagulation 
and fibrinolytic function and the degree of CKD stages in patients with eld-
erly type 2 diabetes in terms of CKD.
Materials and methods: We studied 139 elderly type 2 diabetic outpatients 
of 65 to 86 years of age[73.0+/-6.7 years(mean+/-SD)]. All of subjects had 
no evidence of cerebral, cardiac or peripheral vascular complications. None 
of them received the treatment of dialysis. At overnight fast, blood pressure 
(BP) was measured, and blood sampling for plasma glucose (PG), HbA1c, 
serum lipids, creatinine, plasma thrombomodulin (TM): a marker of vascular 
endothelial damage, prothrombinfragment 1+2 (F1+2), a direct marker of 
thrombin generation, α2 plasmin-inhibitor plasmin complex (PIC), a marker 
of fibrinolytic activity and fibrinogen (Fbg) were performed. Urinary albu-
min excretion ratio (UAE) was obtained in morning spot urine sample. The 
estimated glomerular filtration rate (eGFR) was estimated by using the fol-
lowing equations: eGFR=0.741×175×Cr-1.154×Age-0.203×0.742 (for females). 
All patients were divided into five CKD stages based on eGFR: stage 1 (GFR> 
90 ml/min/1.73m2), stage 2 (GFR: 60-89 ml/min/1.73m2), stage 3 (GFR 30-59 
ml/min/1.73m2), stage 4 (GFR 15-29 ml/min/1.73m2), and stage 5 (GFR<15 
ml/min/1.73m2).
Results: Number of each CKD stage was stage 1; 13, stage 2; 68, stage 3; 37, 
stage 4; 12 and stage 5; 9 cases, respectively. No differences in gender and 
age were present among 5 CKD stages. However, the duration of DM was 
significantly longer in stage 4 and 5 than other three stages. There were no dif-
ferences among 5 stages in BP, PG, HbA1c and serum lipids. Concentration 
of plasma TM in stage 4 and 5 were significantly higher than stage 1, 2 and 3 
(p<0.01, p<0.01, p<0.01 in stage 4 and 5, respectively). Similarly, concentra-
tion of F1+2 in stage 4 was higher than stage 2 (p<0.05) and that in stage 5 was 
higher than stage 1 and 2 (p<0.01, p<0.05, respectively). PIC concentration in 
stage 4 was significantly higher than stage 1, 2 and 3 (p<0.01, p<0.05, p<0.05, 
respectively). Moreover, PIC in stage 5 was significantly higher than stage 1, 2 
and 3 (p<0.01, p<0.01, p<0.01, respectively). Plasma Fbg levels in stage 4 was 
significantly higher than stage 2 (p<0.05) and that in stage 5 was higher than 
stage 1 and 2 (p<0.01, p<0.05, respectively). eGFR was inversely correlated 
with TM (r=-0.668, p<0.01), F1+2 (r=-0.400, p<0.01), PIC (r=-0.379, p<0.01) 
and Fbg (r=-0.323, p<0.01), respectively. Moreover, significant linear correla-
tion was observed between log UAE and TM (r=0.472, p<0.01). Furthermore, 
log UAE was correlated with F1+2 (r=0.353, p<0.01), PIC (r=0.363, p<0.01) 
and Fbg (r=0.443, p<0.01), respectively.
Conclusion: The vascular endothelial damage was highly progressed and the 
thrombin generation was accelerated, and the plasma fibrino-coagulation re-
sulted in strongly reinforced accompanied with the secondary increased of 
fibrinolysis in advanced CKD stages with elderly type 2 diabetes. These ab-
normal coagulation and fibrinolytic function may contribute to the increased 
cardiovascular risk in CKD patients with elderly type 2 diabetes.

1083
Change in body composition but not glomerular filtration is related to 
altered insulin sensitivity in type 1 diabetes patients with or without 
diabetic nephropathy
M.K. Svensson1,2, J.W. Eriksson1,3; 
1Molecular and Clinical Medicine, Sahlgrenska University Hospital, 
Gothenburg, 2Dept of Medicine, Umeå, 3AstraZeneca R&D, Mölndal, 
Sweden.

Background and aims: Insulin resistance has been recognised in patients 
with albuminuria and in chronic renal failure. Recent studies have shown 
that insulin resistance is present already in mild renal impairment. It could 

therefore be argued that loss of glomerular filtration rate (GFR) over time 
could contribute to a decline in insulin sensitivity. The aim of this study was 
to evaluate if a decline in GFR over time is associated with changes in insulin-
antagonistic hormones, cytokines and insulin sensitivity in patients with T1D 
with different degrees of renal impairment at baseline over time.
Patients and methods: In a prospective follow-up study 20 patients with type 
1 diabetes with or without diabetic nephropathy at baseline were re-examined 
after 5.0±0.4 (range 4.4-6.1) years. 8/20 (40%) patients had no signs of dia-
betic nephropathy (DN) and 12/20 had DN at baseline defined as micro- (≥20 
µg/min), or macroalbuminuria (≥200 µg/min) and no sign of any other renal 
disease. 14/20 (70 %) patients displayed a decline in GFR during the follow-up 
period. GFR was determined by 51Cr-EDTA clearance. Insulin sensitivity was 
assessed as hyperinsulinemic (56 mU/m2/min), euglycemic glucose uptake 
(M-value) at steady state during clamp and calculated per lean body mass. 
Body composition was determined by bioelectrical impedance analysis.
Results: In all patients taken together, a significant decline in GFR over time 
was found (-13±21 ml/min/1.73m2, p<0.01). There was no change in BMI (p= 
0.68) but a significant change in body composition, with a decrease in lean 
body mass (%) and an increase in fat mass (%) (both p<0.01). In all patients 
taken together and in patients without DN at baseline there was no significant 
change in insulin sensitivity during the study period (M-value +0.9±3.1 mg/
kg lbm/min, p=0.18 and -0.6±2.9, p=0.59). In contrast, a significant increase 
in insulin sensitivity was found in patients with DN at baseline (+2.0±2.9 
mg/kg lbm/min, p=0.04). In univariate analysis no significant association 
was found between change in GFR and change in M-value over time in all 
patients taken together or in patients without DN at baseline or with DN at 
baseline (r=-0.33, p=0.15; r=-0.43, p=0.28 and r=-0.39, p=0.21, respectively). 
Instead, change in M-value was significantly associated to change in fat mass 
(%) and IL-6 levels (r=-0.55, p=0.012 and r=-0.62, p=0.006). When fat mass 
and IL-6 were included in a multivariate regression model these variables 
explained approx 53% (adj r2=0.53, p=0.001) of the change in M-value, and 
the changes in fat mass and IL-6 both contributed significantly (p=0.015 and 
p=0.009) to the model.
Conclusion: In patients with type 1 diabetes a decline in GFR over five years 
does not influence insulin sensitivity. This may suggest that the insulin resist-
ance found in type 1 diabetes patients with nephropathy may be genetically 
determined and not an effect of the reduction in GFR per se. Instead, this 
study indicates that increase in body fat and elevated levels of inflammatory 
cytokines, such as IL-6, are major determinants of insulin resistance in these 
patients.

1084
Acute hyperglycaemia decreases serum angiotensin converting enzyme 2 
(ACE2) activity
S.-P. Aino1, D. Gordin1, C. Forsblom1, M. Rosegard-Barlund1, M. Thomas2, 
P.-H. Groop1; 
1Department of Medicine, Helsinki University, Folkhälsan Institute of 
Genetics, Biomedicum Helsinki, Finland, 2Diabetic Complications, Baker 
IDI Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: Activation of the renin-angiotensin system (RAS) 
contributes to diabetic kidney and vascular injury. Angiotensin converting 
enzyme 2 (ACE2) is a newly identified homolog of ACE that converts an-
giotensin (AT) II to AT-1-7 and potentially promotes vasodilatation. ACE2 
activity levels are shown to be increased in early diabetes in experimental 
models. However, the role of circulating ACE2 activity in human physiology 
and disease is unknown. The purpose of this study was to test whether ACE2 
activity is modified by diabetes or hyperglycaemia in patients with type 1 
diabetes, with and without microvascular complications.
Materials and methods: Quantitative ACE2 activity was measured by a fluor-
ometric assay in 546 adult patients with type 1 diabetes participating in The 
Finnish Diabetic Nephropathy (FinnDiane) study and in 205 healthy control 
subjects. In addition, ACE2 activity was determined in 22 type I diabetic pa-
tients and 13 controls before and after a 2 hour hyperglycemic clamp.
Results: Acute hyperglycemia during a 2-hour hyperglycemic clamp resulted 
in an 8% reduction in the ACE2 activity with simultaneous stiffening of the 
arteries in diabetic patients as well as in healthy controls (n=35, P<0.05). Base-
line ACE2 activity was similar in patients with type 1 diabetes and healthy 
control subjects (461±20 vs 494±21, P=n.s., data presented in arbitrary fluo-
rescence units). Chronic hyperglycemia as measured by HbA1C (%) or pres-
ence of albuminuria was not associated to the ACE2 activity. Among men 
with diabetes, ACE2 activity level was increased in patients with increased 
glomerular filtration rate (GFR) (r=0.156, P=0.034).
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Conclusion: Circulating ACE2 activity is modified by acute hyperglycemia, 
potentially contributing to the hyperglycemia-associated increased vascular 
tone. Chronic hyperglycemia appears to have no effect on circulating ACE2 
activity levels. ACE2 is increased when the patients show signs of renal hy-
perfiltration, which indicates vasodilatory changes in the kidney in early dia-
betes.
Supported by: Finnish Cultural Foundation and Folkhalsan Research Founda-
tion

1085
Increased urinary excretion of fibrogenic growth factors is associated 
with initial structural changes in the kidneys in type 1 diabetic patients
V.V. Klimontov1, I.A. Bondar1, A.P. Nadeev2; 
1Department of Endocrinology, 2Department of Pathology, Novosibirsk 
State Medical University, Novosibirsk, Russian Federation.

Background and aims: Transforming growth factor beta (TGF-beta), in-
sulin-like growth factor-1 (IGF-1) and vascular endothelial growth factor 
(VEGF) are believed to be involved in pathogenesis of diabetic nephropathy 
(DN). Recent experimental studies have shown that these factors enhance 
the extracellular matrix production in glomerular and tubular cells and, 
therefore, contribute to progression of glomerular and interstitial sclerosis 
in diabetes. The aim of our study was to assess the relation between urinary 
excretion of fibrogenic growth factors and development of nephropathy in 
type 1 diabetic patients.
Materials and methods: 57 patients with type 1 diabetes were examined, 
including 22 normoalbuminuric (group DN0), 23 microalbuminuric (group 
DN1) and 12 macroalbuminuric ones (group DN2). Urinary excretion of 
TGF-beta, IGF-1 and VEGF was determined by ELISA and compared to 
control (10 healthy subjects, group C). A kidney biopsy was performed in 8 
normoalbuminuric and 10 microalbuminuric patients. The glomerular and 
tubular basement membrane (GBM and TBM) width, mesangial fractional 
volume [Vv(mes/glom)] and mean podocyte foot processes number was esti-
mated by morphometric analysis.
Results: (median, percentile 25-75): TGF-beta excretion was increased sig-
nificantly in patients with micro- and macroalbuminuria as compared to 
control (DN0: 2.0, 1.2-2.5, p=0.3, DN1: 3.0, 2.1-5.1, p=0.003, DN2: 6.3, 4.0-
8.2, p=0.003 vs C: 1.6, 0.9-2.2 pg/μmol creatinine). IGF-1 excretion exceeded 
control in micro- and macroalbuminuric patients also (DN0: 2.5, 2.1-3.2, 
p=0.25, DN1: 3.7, 3.0-4.6, p=0.004, DN2: 7.6, 6-13, p=0.04 vs C: 2.1, 1.7-3.5 
pg/μmol creatinine). VEGF excretion was increased significantly in patients 
with macroalbuminuria only (DN0: 6.5, 4.4-10.8, p=0.69, DN1: 10.2, 5.8-
20, p=0.06, DN2: 16.7, 7.0-45.9, p=0.02 vs C: 5.4, 3-9.7 ng/μmol creatinine). 
There were negative correlations between TGF-beta, IGF-1 and glomerular 
filtration rate (TGF-beta: r=-0.32, p=0.02; IGF-1: r=-0.43, p=0.002; VEGF: 
r=-0.14, p=0,3). In normoalbuminuric and microalbuminuric patients ex-
cretion of all growth factors correlated positively with the width of GBM 
(TGF-beta: r=0.75, p=0.0003; IGF-1: r=0.53, p=0.04; VEGF: r=0.53, p=0.04) 
and TBM (TGF-beta: r=0.73, p=0.0004; IGF-1: r=0.59, p=0.02; VEGF: r=0.3, 
p=0.29). Only VEGF excretion correlated with Vv(mes/glom) significantly 
(r=0.69, p=0.004; TGF-beta and IGF-1: r=0.34, p=0.19). The increased ex-
cretion of TGF-beta and IGF-1 was associated with reduction of podocyte 
foot processes number (TGF-beta: r=-0.5, p=0.03; IGF-1: r=-0.69, p=0.004; 
VEGF: r=-0.48, p=0.08).
Conclusion: In type 1 diabetic patients increased urinary excretion of fibro-
genic growth factors (TGF-beta, IGF-1 and VEGF) is associated with albu-
minuria and initial structural changes in the kidneys.

1086
Evaluation of prognostic factors affecting urinary albumin and urinary 
type IV collagen in early-onset type 1 diabetes mellitus
M. Morita1, Y. Uchigata2, K. Hanai2, Y. Ogawa3, Y. Iwamoto2; 
1Internal Medicine 1, Shimane University Faculty of Medicine, Izumo, 
Shimane, 2Diabetes Center, Tokyo Women’s Medical University School of 
Medicine, 3Pediatrics, Niigata University Faculty of Medicine, Japan.

Background and aims: To clarify factors affecting increases in urinary al-
bumin/ creatinine ratio (ACR) and urinary type IV collagen/creatinine ratio 
(T4C) in early-onset type 1 diabetes mellitus (T1DM) by age at the start of 
observation.
Materials and methods: This study included 238 patients diagnosed with 
T1DM at <30 years old, and <40 years old and without overt diabetic ne-

phropathy at the start of observation. Study endpoints were increased ACR 
(progression from normoalbuminuria to microalbuminuria or overt neph-
ropathy; progression from microalbuminuria to overt nephropathy) and pro-
gression to elevated T4C (multivariate Cox proportional hazards analysis).
Results: Prognostic factors selected for increased ACR were baseline ACR in 
all patients along with diastolic blood pressure (BP) in ≥16 year and ≥18 year 
subgroups and Body mass index (BMI) in ≥20 year and ≥22 year subgroups. 
Prognostic factors selected for increased T4C were hemoglobin (Hb) A1c, 
diabetic retinopathy, and female sex in all patients, along with tobacco use in 
the ≥18 year subgroup only.
Conclusion: Prognostic factors for ACR and T4C differed, including differ-
ences based on age at the start of observation (baseline). T4C, as compared 
to ACR, may more sensitively reflect the effects of hyperglycemia itself on 
the kidneys. This difference in prognostic factors based on age at the start 
of observation suggests that T4C, in addition to ACR, may be an important 
marker to monitor disease status.

1087
Normalizing albuminuria using urinary-creatinine rather than 
measuring albuminuria alone leads to more accurate and less false 
positive or false negative results when screening patients with diabetes 
mellitus for nephropathy
C.S. Kloos, U.A. Müller, N. Müller, G. Wolf; 
Internal Medicine, Klinikum für Innere Medizin III, Jena, Germany.

Background and aims: Microalbuminuria (MIA) is an early indicator of re-
nal damage in diabetic patients. Therefore, MIA is a valuable screening tool 
and routinely used in quality assurance programs (e.g. the German nation-
wide disease management programme for diabetes). In clinical routine, for 
practical reasons, MIA measurements are mostly drawn from a single, “on the 
spot” urine specimen. A value > 20mg/l is considered pathologic. However, 
unstable results occur because of fluctuating urine volumes. This can lead 
to inaccurate diagnosis of nephropathy. We examined whether normalizing 
MIA to urinary-creatinine (MIA/gUCrea) ratio increases the reproducibility 
of the results.
Patients and methods: The electronic patient file EMIL® was used as the 
data source. All visits from 06/2000 to 01/2008 with a simultaneous analysis 
of MIA and MIA/gUCrea in patients with diabetes mellitus type 1 (DM1) 
and 2 (DM2) were exported. A total of 3716 data sets were retrieved (av-
erage number of visits 2.1 (span 1-14), comprising 326 patients with DM1 
(age 46.1±15.6years, diabetes duration 18.3±12.8 years, BMI 26.5±4.4kg/m2, 
HbA1c 8.14±1.47%, serum-creatinine 93.5±39.7µmol/l, systolic blood pres-
sure 135.7±16.6 mmHg, diastolic blood pressure 77.0±7.4 mmHg) and 1468 
patients with DM2 (age 64.6±11.4 years, diabetes duration 12.3±9.0 years, 
BMI 32.4±6.1 kg/m2, HbA1c 7.80±1.53%, serum-creatinine 111.1±67.5 
µmol/l, systolic blood pressure 135.2±11.2 mmHg , diastolic blood pressure 
77.5±8.5mmHg). Ten patients on dialysis (DM1=1, DM2=9) were excluded 
from the analysis. The MIA and MIA/gCrea values per visit and the inter-visit 
differences were compared.
Results: Average serum-creatinine of all patients was 108.0±63.9 µmol/l. Pro-
teinuria >1g/l was present in 58 ( 3.2%) patients using MIA, in 76 (4.2%) 
using MIA/gUCrea (p<0.001). Average MIA was significantly lower than 
average MIA/gUCrea (141.7±415.1 mg/l vs. 177.8±550.0 mg/g; p<0.001). 
MIA in the normal range and increased MIA/gUCrea occurred in 280 cases 
(7.5%), and increased MIA and MIA/gUCrea in the normal range occurred 
in 234 cases (6.3%; p=0.04). Unstable values, alternating between normal and 
pathological MIA or vice versa in consecutive measurements, occurred with 
MIA in 204 (5.5%) cases, and with MIA/gUCrea in 155 (4.2%) of the cases 
(p=0.010).
Conclusion: Values of urinary-creatinine normalized albuminuria (MIA/
gUCrea) are, when compared to non-normalized albuminuria (MIA), sig-
nificantly lower. MIA/gUCrea is less vulnerable to instability in consecutive 
samples because differences in urine volume and concentration are normal-
ized. Use of MIA alone would have led to misclassification regarding the di-
agnosis of nephropathy in 13-14% of the cases (7.5% false negative, 6.3% false 
positive). In quality assurance programs where screening for renal damage 
plays an important role, measurement of MIA alone should be abandoned in 
favour of urine-creatinine normalized MIA. Quality assurance programmes, 
e.g. the German nationwide disease-management program for diabetes, 
should be adapted accordingly.
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1088
Plasma proteome analysis of patients with type 1 diabetes with diabetic 
nephropathy
A.J. Overgaard1, M. Lajer2, L. Tarnow2, P. Rossing2, J.N. McGuire1,  
F. Pociot1; 
1Hagedorn Research Institute, 2Steno Diabetes Center, Gentofte, Denmark.

Background and aims: At present microalbuminuria is used as a risk marker 
for development of diabetic nephropathy (DN); however, much debate exists 
about its sensitivity and specificity. The search for new and better biomarkers for 
DN has, with a few exceptions, previously focused on either hypothesis-driven 
studies or urinary based investigations. To date only two studies have investigat-
ed the proteome of blood in search for new biomarkers, and these studies were 
conducted in sera from patients with type 2 diabetes. This is the first reported 
study where the plasma from type 1 diabetic patients was investigated in depth 
with the goal of finding improved candidate biomarkers to predict DN.
Materials and methods: Plasma from a cross-sectional cohort of 123 type 
1 diabetic patients previously diagnosed as normoalbuminuric, microalbu-
minuric or macroalbuminuric, was collected at Steno Diabetes Center. In 
order to reach lower concentration proteins in plasma a pre-fractionation 
step was performed prior to surface enhanced laser desorption/ionization 
time-of-flight mass spectrometry analysis (SELDI-TOF-MS). In addition to 
traditional statistical tools, we evaluated our spectral data with independent 
component analysis (ICA). ICA measures signals in complicated background 
and considerably increase the quality of the resulting data as well as improv-
ing the biological validity of subsequent examination.
Results: Mass spectrometry analysis gave rise to 290 peak clusters signifi-
cantly different between the groups. 17 were selected for future examination 
as the most promising biomarker candidates with p < 0.0001 and component 
stability scores > 0.8. Two of the peaks that were discovered have been identi-
fied as transthyretin (difference in peak intensity between groups, p < 0.0001) 
and transferrin (difference in peak intensity between groups, p < 0.0001). 
Several other (e.g., m/z 6963.9, m/z 11351 and m/z 13584) have also been 
discovered as candidate biomarkers and are in the process of being identified. 
These proteins, especially when combined, are better able to define the stages 
of diabetic nephropathy.
Conclusion: These results demonstrate the capacity of proteomic analysis of 
plasma, by confirming the presence of known biomarkers as well as reveal-
ing new biomarkers for diabetic nephropathy in plasma in type 1 diabetic 
patients.

1089
Vascular diseases and mortality of patients on haemodialysis with type 2 
or type 3 diabetes
G. Bodlaj, O. Janko, B. Schmekal, G. Biesenbach; 
Second Department of Medicine, General Hospital Linz, Austria.

Background and aims: In rare cases, diabetic patients on dialysis therapy 
have pancreatic diabetes (PAD), also called type 3 diabetes. Aim of this study 
was to investigate possible differences in patient survival, prevalence of vas-
cular diseases and incidence of vascular complications in dialysis patients 
with type 3 or type 2 diabetes.
Materials and methods: In a retrospective study we evaluated 96 diabetic 
patients, who started dialysis therapy between 1995-2003 in our dialysis cen-
tre. Type 3 diabetes was diagnosed in 12 patients and type 2 diabetes in 84 
patients. In both groups we compared vascular risk factors, prevalence of vas-
cular diseases, incidence of vascular complications and patient survival in the 
first 5 years after the initiation of dialysis therapy.
Results: At the beginning of dialysis therapy, patients with type 2 diabetes 
were significantly older than patients with type 3 diabetes (63 + 8 vs. 56 + 
6 years, P < 0.05). Vascular risk factors were similar in both groups, only 
mean cholesterol was significantly lower in type 3 diabetic patients compared 
to those with type 2 diabetes (142 + 42 vs. 196 + 36, P < 0.05). In addition, 
mean BMI (22 + 3 vs. 25 + 3 kg/m2, P < 0.05) and mean serum levels of 
fasting C-peptide (0.9 + 0.3 vs. 1.9 + 0.6 ng/ml, P < 0.05) and of albumin 
(2782 + 348 vs. 3464 + 342 mg/dl, P < 0.05) were significantly lower in type 
3 diabetic patients compared to those with type 2 diabetes. At the beginning 
of dialysis therapy, the prevalence of vascular diseases was not significantly 
different between both groups, as well as the incidence of vascular complica-
tions (stroke, myocardial infarction and/or amputations) in the first 5 years. 
The frequency of malnutrition (BMI < 21 kg/m2) was 50% in type 3 diabetic 
patients versus 9% in type 2 diabetics (P < 0.05). In type 2 diabetic patients 

3-year survival was slightly higher (54 vs. 42%, n.s.), whereas 5-year survival 
was significantly higher (27 vs. 8%, P < 0.05).
Conclusion: In dialysis patients with type 3 and type 2 diabetes the preva-
lence of vascular diseases and the incidence of vascular complications was 
not significantly different in the first 5 years after the initiation of dialysis 
therapy. However, malnutrition was more common and survival was lower in 
type 3 diabetic patients compared to those with type 2 diabetes.

1090
Prorenin receptor expression in human kidneys with diabetic 
nephropathy
K. Takahashi1, H. Yamamoto1,2, K. Hiraishi1, I. Shoji1, T. Hirose3, H. Sasano4, 
T. Suzuki4, K. Totsune3; 
1Department of Endocrinology and Applied Medical Science, Tohoku 
University Graduate School of Medicine, Sendai, 2Takeda General Hospital, 
Aizu-Wakamatsu, 3Department of Clinical Pharmacology and Therapeutics, 
Tohoku University Graduate School of Pharmaceutical Sciences and 
Medicine, Sendai, 4Department of Pathology, Tohoku University Graduate 
School of Medicine, Sendai, Japan.

Background and aims: The renin-angiotensin-aldosterone system (RAS) 
plays critical roles in the progression of diabetic nephropathy. (Pro)renin 
receptor ((P)RR), a specific receptor for renin and prorenin, has recently 
been identified. It is a 350 amino-acid protein with a single transmembrane 
domain and widely expressed in various tissues including brain, heart and 
kidney. When bound to (pro) renin, (P)RR activates the angiotensin I-gener-
ating activity of (pro)renin in the absence of cleavage of the prosegment, and 
directly stimulates the MAPK pathway independently from the RAS. Plasma 
levels of prorenin are elevated in diabetic patients, and thought to play im-
portant roles in the pathophysiology of diabetic nephropathy. The aim of the 
present study is therefore to clarify the expression of (P)RR in the kidney with 
diabetic nephropathy.
Materials and methods: The present study was approved by the Ethics Com-
mittee of the Tohoku University Graduate School of Medicine. The kidney 
tissues were obtained at autopsy from patients with and without Type 2 dia-
betes mellitus (n=5 without diabetes mellitus; and n=10 with diabetes mel-
litus). Immunocytochemistry was performed by the ABC method using par-
affin-embedded sections. The antiserum against (P)RR was raised in a rabbit 
by injecting the peptide fragment of human (P)RR corresponding to 224-237 
a.a. conjugated with bovine serum albumin. The identity of the (P)RR immu-
noreactivity was confirmed by Western blot analysis, which showed a band of 
39 kDa in the protein extract of rat kidney and heart. Furthermore, the prea-
bsorption of the antibody by the antigen peptide abolished the immunostain-
ing of (P)RR in immunocytochemistry of the human kidney.
Results: (P)RR was mainly expressed in the tubular cells and collecting duct 
cells of the kidney without diabetic nephropathy. (P)RR was very weakly and 
sporadically immunostained in the cells of glomeruli. Vascular smooth mus-
cle cells and endothelial cells were very weakly or were not immunostained 
with (P)RR. Adipocytes in the adipose tissue around the kidney were posi-
tively immunostained with (P)RR. Immunostaining pattern of (P)RR in the 
kidney with diabetic nephropathy was similar to that without diabetic neph-
ropathy. However, most notably, (P)RR immunostaining in the tubular cells 
and collecting duct cells was clearly and frequently more strongly observed in 
the kidney with diabetic nephropathy up to the end stage renal disease. Even 
the atrophied tubular cells in the kidney tissue with end stage renal disease 
expressed (P)RR.
Conclusion: (P)RR was expressed in tubular cells and collecting duct cells 
of the kidney tissue with diabetic nephropathy up to end stage renal disease. 
(P)RR expressed in the diabetic kidney may play a pathophysiological role in 
angiotensin I generation and renal fibrosis found in end stage renal disease.
Supported by: Tohoku University 21st COE Program, CRESCENDO

1091
Diabetic nephropathy is associated more strongly with toe-brachial index 
than ankle-brachial index in type 2 diabetic patients
M.-Y. Chung, J.-O. Chung, D.-H. Cho, D.-J. Chung; 
Department of Endocrinology and Metabolism, Chonnam National 
University Medical School, GwangJu, Republic of Korea.

Background and aims: Microalbuminuria is an indicator for diabetic neph-
ropathy. It was known that increased urinary albumin/creatinine ratio (ACR) 
is a risk factor for peripheral vascular disease (PVD). Ankle-brachial index 
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(ABI) and toe-brachial index (TBI) are a simple useful method for assessing 
PVD. Some data suggested that ACR is associated with PVD, and ACR is 
significantly correlated with ABI in an inverse pattern in the type 2 diabetic 
patients. But the relationship between TBI and diabetic nephropathy was not 
well known. The present study was undertaken in type 2 diabetic patients to 
investigate whether ABI or TBI was more strongly associated with markers 
of diabetic nephropathy such as ACR, serum creatinine levels, and estimated 
glomerular filtration rate (eGFR).
Materials and methods: We recruited a total of 365 type 2 diabetics: 192 
men (mean age 56.1±13.7 years) and 173 women (mean age 57.3±14.8 years). 
Renal function was evaluated by serum creatinine levels, estimated eGFR 
(calculated by the Cockcroft-Gault equation) and urinary ACR. Because 
the distribution of ACR was highly skewed, the natural logarithm of ACR 
[Ln(ACR)] was used for statistical analyses. ABI and TBI measurements were 
performed with the subject in a supine position, and were determined as the 
ratio of ankle or toe systolic blood pressure to the brachial systolic blood pres-
sure, with both determined using an automatic device.
Results: Overall, the mean age was 60.5±11.2 years, duration of diabetes 
12.1±6.8 years, HbA1C 7.6±2.4%, ACR 826.7±629.0 mg/gCr, serum creati-
nine 1.4±1.2 mg/dL, and systemic blood pressure (BP) 138.4±14.8/88.1±13.4 
mmHg. Mean calculated GFR was 59.2±35.9 mL/min/1.73m2. ABI were 
1.12±0.11 (Rt.) and 1.11±0.13 (Lt.). TBI were 0.84±0.15 (Rt.) and 0.83±0.16 
(Lt.). The mean difference between ABI and TBI in our population was 
0.28±0.15. Among all patients there was a significant linear association (r = 
0.492; p< 0.001) between ABI and TBI. Ln(ACR) was inversely correlated 
with ABI (r=−0.193, P<0.05) and TBI (r=−0.249, P<0.05). TBI also tended to 
correlate negatively with age and diabetes duration. We found no significant 
correlation between hemolglobin A1C, fasting C-peptide, serum creatinine 
levels or eGFR and ABI or TBI. By Univariate linear regression, right TBI 
but not right ABI showed a significant negative correlation with Ln(ACR) 
(r=-0.215, P<0.05).
Conclusion: This study demonstrated that ABI and TBI were related to uri-
nary ACR and especially right TBI is suggested to be the more strongly relat-
ed parameter than ABI for diabetic nephropathy in type 2 diabetic patients.

1092
Renal interstitial fibrosis factors in type 2 diabetics with renal artery 
stenosis 
K.O. Kurumova, M. Shamkhalova, M. Shestakova, I. Sitkin, A. Ilin,  
M. Arbuzova, N. Goncharov, G. Katsaya, S. Saveleva; 
Diabetic nephropathy, Endocrinology Research Centre, Moscow, Russian 
Federation.

Background and aims: To estimate renal interstitial fibrosis factors in type 2 
diabetics with renal artery stenosis (RAS) and without RAS.
Materials and methods: We studied 30 diabetic type 2 patients with RAS 
and 22 diabetic type 2 patients without RAS. All patients were invited to un-
dergo multispiral computer tomography or selective angiography of renal 
arteries to define the presence of RAS (renal artery stenosis more than 60%). 
Transforming growth factor (TGF - β-1), vascular endothelial growth factor 
(VEGF), markers of endothelial dysfunctions (sICAM, VCAM), nonspecific 
atherosclerotic markers (C-reactive protein, homocystein), matrix metal-
loproteinase 9 (MMP 9), interleukin 6, angiotensin II were measured. The 
control group included normotensive persons of more than 45 years with-
out diabetes (n=20). Glomerular filtration rate (GFR) was calculated by the 
MDRD equation.
Results: GFR was significantly lower in diabetics with RAS than without RAS 
[73,1 (63,3; 96,0) vs.92,5 (78,5; 114,0) ml/mines/1,73m2, p<0,05]. TGF - β-1 
level in the RAS-positive group was significantly higher than the one in the 
RAS-negative group [90,9 (52,2; 119,4) vs. 51,6 (25,2; 78,5) ng/ml, p<0,02]. 
TGF - β-1 positively correlated with MMP 9 (r=0,23; p<0,04) and VEGF 
(r=0,26; p <0,01). MMP 9 in a cohort of patients without RAS appeared to 
be paradoxically higher in comparison with persons with RAS [138,0 (109,0; 
173,0) vs. 96,5 (68,0; 131,0) ng/ml, p<0,01]. Other indicators didn’t differ sig-
nificantly between the researched groups.
Conclusion: RAS in diabetic type 2 patients was associated with significant 
increase of TGF - β1, which is known to have a predictive role in the develop-
ment of the tubulointerstitial expansion.

PS 98 Hypertension
1093
Effects of telmisartan on glucose metabolism, lipid profile and 
adiponectin in patients with type 2 diabetes complicated with 
hypertension
H. Mori, Y. Okada, Y. Tanaka; 
The First Department of Internal Medicine, School of Medicine University 
of Occupational and Environmental Health, Kitakyusyu, Japan.

Background and aims: Hypertension complicated with type 2 diabetes is a 
strong risk factor for cardiovascular disease. Telmisartan, a new angiotensin 
IItype 1 receptor blocker (ARB), is a more powerful stimulator of peroxisome 
proliferator activated receptor-γ (PPARγ) than the others, and is expected by 
in vitro studies to provide a better improvement of insulin sensitivity than 
other ARBs. The present study was performed to assess the effects of telmisar-
tan at doses of 40 and 80 mg/day on glucose metabolism, lipid profile and 
serum adipokine levels in type 2 diabetic and hypertension.
Materials and methods: <Study 1> Fifty for patients (30 men and 24 
women, mean age 64.6±10.8 years) with type 2 diabetes complicated with 
hypertension(systolic blood pressure ≥130 or diastolic ≥80 mmHg) were 
treated with valsartan (80 mg, n=20) or candesartan (8 mg, n=24) or losartan 
(50 mg, n=10). Then, telmisartan at 40 mg/day was administered instead of 
the other ARBs for 12 months. Physical examinations and blood tests were 
conducted at 0, 6 and 12 months after treatment in each patients. <Study 2> 
In a double-blind, randomized study, patients with type 2 diabetes complicat-
ed with hypertension (systolic blood pressure ≥120 or diastolic ≥70 mmHg) 
despite the treatment with telmisartan at 40 mg/day were switched to tel-
misartan 80 mg/day (n=32) or telmisartan 40 mg/day + amlodipin 5 mg/day 
(n=32) for 3 months. Physical examinations and blood tests were conducted 
at baseline and end of treatment in each patient.
Results: <Study 1> Telmisartan at 40 mg/day resulted in a significant decrease 
in systolic and diastolic blood pressures. Neither HbA1c nor fasting plasm 
glucose were significantly changed. Telmisartan tended to decrease fasting 
levels of serum insulin (9.6±7.2 to 8.7±6.1 mU/l) and HOMA-R (3.3±1.7 
to 2.9±2.3). Serum levels of triglyceride were significantly reduced from 
138.8±63.3 to 124.3±54.9 mg/dl (P<0.05) and HDL cholesterol was improved 
from 50.7±12.6 to 52.8±13.7 mg/dl(P<0.05) by the treatment, whereas total 
cholesterol and LDL cholesterol did not change. Serum adiponectin did not 
change, either. <Study 2> Telmisartan 80 mg, but not telmisartan 40 mg + 
amlodipin 5mg, significantly (P<0.05) reduced fasting levels of plasma glu-
cose and insulin and HOMA-R. Ths change was marked (P<0.01) in patients 
with HOMA-R ≥2.0. In patients with total cholesterol ≥220 mg/dl, telmisar-
tan 80 mg significantly (P<0.01) reduced total cholesterol, in patients with 
triglyceride ≥150 mg/dl, telmisartan 80 mg reduced triglyceride (P<0.05), in 
patients with LDL cholesterol ≥120 mg/dl, telmisartan 80 mg reduced LDL 
cholesterol (P<0.05), in patients with HDL cholesterol ≤50 mg/dl, telmisartan 
80 mg increased HDL cholesterol (P<0.05) and in patients with adiponectin 
4.0 ≤μg/ml, telmisartan 80 mg increased adiponectin (P<0.05).
Conclusion: Thease results suggests that telmisartan at 80 mg favorably af-
fects glucose metabolism and lipid profile through stimulating PPARγ in pa-
tients with type 2 diabetes complicated hypertension despite the treatment 
with telmisartan at 40 mg.

1094
Lipidomic profiling reveals a deficiency of ether lipids in blood plasma of 
men with hypertension
J. Graessler1, D. Schwudke2, P.E.H. Schwarz1, R. Herzog1, A. Shevchenko2, 
S.R. Bornstein1; 
1Internal Medicine III, Carl Gustav Carus Medical School, 2Mass 
Spectrometry, Max Planck Institute of Molecular Cell Biology and Genetics, 
Dresden, Germany.

Background and aims: Dyslipoproteinemia, obesity and insulin resistance 
are integrative constituents of the metabolic syndrome and major risk fac-
tors for hypertension. The objective of this study was to determine whether 
hypertension specifically affects the plasma lipidome independently and dif-
ferently from the effects induced by obesity and insulin resistance.
Materials and methods: Plasma lipidomic screens of 19 men with hyperten-
sion and 51 normotensive male controls, covering 95 lipid species of 9 major 
lipid classes were analyzed by top-down shotgun profiling on a LTQ Orbitrap 
hybrid mass spectrometer.
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Results: Obesity resulted in generally higher lipid load in blood plasma, while 
the content of in tri- and diacylglycerols increased dramatically. Insulin re-
sistance, defined by HOMA-IR > 3.5 and controlled for BMI, was exclusively 
accompanied by a significant decrease of a single phosphatidylethanolamine 
metabolite. Specific alterations of the plasma lipidome in hypertensive indi-
viduals evaluated by BMI- and HOMA-IR-adjusted values indicated overall 
decreases in ether lipids, in particular in ether phosphatidylcholines, that 
comprise arachidonic (20:4) and docosapentaenoic (22:5) fatty acid moieties, 
as well as in free cholesterol. At the same time, conventional clinical lipid 
homeostasis indices (total cholesterol, LDL-, HDL-cholesterol, triglycerides) 
remained unaffected.
Conclusion: Top-down shotgun lipidomics demonstrated that hypertension 
is accompanied by specific reductions of ether lipids and free cholesterol that 
occur independently of lipidomic alterations induced by obesity and insulin 
resistance. These results may form the basis for novel preventive and dietary 
strategies alleviating the severity of hypertension.
Supported by: DFG grant SFB TR 13 (project D1)

1095
Inverse relation between hypertension and FASN expression in adipose 
tissue
M.D. Mayas1, F.J. Ortega2, R. Gomez-Huelgas3, R. Bernal4,  
J.M. Fernández-Real2, F.J. Tinahones5; 
1Servicio de Endocrinología y Nutrición, CIBER OBN, Málaga, 2Servicio 
de Diabetes, Endocrinología y Nutrición, CIBER OBN, Girona, 3Servicio 
de Medicina Interna, Hospital Carlos Haya de Málaga, 4Servicio de 
Endocrinología y Nutrición, CIBER OBN, Málaga, 5Hospital Virgen de la 
Victoria, Málaga, Spain.

Background and aims: There are a lot of studies that relate fatty acid synthe-
sis enzymes, FASN (Fatty Acid Synthase) and ACC (Acetyl-CoA Carboxilase) 
to metabolic alterations such as obesity, insulin resistance or dyslipemia. Due 
to the fact that there is no literature that relates these enzymes with hyper-
tension, the aim of this study is investigate how, in adipose tissue, FASN and 
ACC are related to hypertension.
Materials and methods: The study included 87 patients, with a wide range 
of body mass index (BMI), in order to study in their visceral adipose tissue 
the gene expression of FASN y ACC by RT-PCR. Anthropometric and bio-
chemical variables (glucose, glycated hemoglobin, HOMA-IR, cholesterol, c-
LDL, c-HDL, triglycerides, PCR, adiponectin, leptin, ...) were measured after 
getting a blood sample of the patient after an overnight fast and before the 
laparoscopic surgery. Patients were classified according to hypertension levels 
into normotensive and hypertensive groups. Hypertensive individuals were 
defined as those with systolic blood pressure (SBP) ≥ 130mm Hg or diastolic 
blood pressure (DBP) ≥ 85 nm Hg or that were on medication for this condi-
tion. Subjects were classified according to BMI, as non obese (BMI<30) and 
obese (BMI≥30).
Results: The main result of this work is a significant decrease of FASN expres-
sion in adipose tissue of hypertensive vs normotensive patients. There was 
an inverse correlation between FASN expression and SBP values by multiple 
regression analysis and there was also an inverse correlation between FASN 
expression and SBP. The statistical analyses and graphics were performed us-
ing the SPSS software program and values were considered statiscally signifi-
cant when P≤0.05.
Conclusion: We can say that for the first time, it has been proven that a de-
crease of FASN expression in hypertensive individuals and the clinical signifi-
cance of this work, represents an exciting challenge because it would need to 
be clarified if the reduced values of FASN expression led to hypertension or 
if this is an adaptive mechanism to the presence of hypertension. Once this 
aspect is clarified, it could be a new target for the treatment of hypertension. 

Supported by: CIBEROBN (CB06/03/010) & SAF 2006/12894

1096
Glucose intolerance strongly correlates with high blood pressure in 
normocholesterolaemic morbidly obese women
A.R.T. Gagliardi1, T.C. Valente1, F.A. Savioli1, M.I. Torres1, A.J.F. Leal2,  
L. Leal1, M.C. Dinato3, E.P. Heilbrun1; 
1Physiology and Biophysics, 2Surgery, 3Internal Medicine Division of 
Endocrinology, School of Medicine, Santos, Brazil.

Background and aims: We studied the lipid profile, glucose tolerance and 
the prevalence of High Blood Pressure (HBP) in morbidly obese women with 
body mass index (BMI) in the range 40 - 70 kg/m2.
Materials and methods: A total of 203 morbidly obese female patients in 
the range from 25 to 63 years old, with normal thyroid and renal function 
were investigated before gastric restrictive surgery. Conventional lipid pro-
files, TSH, FT4, T3, fasting blood glucose (FBG) and postprandial glucose, 
BUN, creatinine, ALT, serum albumin and globulins, coagulation param-
eters, ultrasensitive PCR, bilirrubins, lipase, RBC, WBC, hematocrit, CK and 
hemoglobin were measured. Careful physical exam was performed and blood 
pressure was measured at least in three different occasions. Glucose toler-
ance and lipid profiles were interpreted according to ADA Clinical Practice 
Recommendations 2009.
Results: 37,2% of the 163 patients with normal glucose tolerance were hyper-
tensive with an average BMI of 44,5 kg/ m2 ( SD 5,8), mean FBG of 91,4 mg% 
(SD 3,8) mean total cholesterol of 191,4 mg% (SD 31,2), mean LDL-choles-
terol 110,2 mg%(SD 34,3), mean HDL-cholesterol 51,4 mg% (SD 16,1) and 
mean triglyceride 142 mg% (SD 42,3).
Fasting glucose intolerance was found in 40 patients with a mean FBG of 
108,6 mg% (SD 4,1) with a prevalence of 61% of HBP and mean BMI of 47,1 
(SD 6,7). LDL-cholesterol was 121,2 mg% (SD 38,5), mean HDL-cholesterol 
of 49,7 mg% (SD 19,5) and mean triglyceride was 165,6 mg% (SD 58,3). No 
patient was diagnosed as diabetic according to the OGTT. The group of pa-
tients with fasting glucose intolerance showed a significant increase in the 
prevalence of HBP and higher triglyceride levels.
Conclusion: Glucose intolerance is a strong predictor of high blood pres-
sure in morbidly obese women. There is a disparity between the conventional 
lipid measures, higher BMI and metabolic syndrome risk factors in severely 
obese women, except for those with glucose intolerance that showed elevated 
triglycerides levels suggesting insulin resistance.
Supported by: Fundação Lusiada

1097
Pattern of expression of inflammatory markers in adipose tissue of 
untreated patients with essential hypertension
A. Solini1, S. Madec1, M. Chiarugi2, E. Santini1, C. Rossi1, E. Ferrannini1; 
1Department of Internal Medicine, 2Department of Surgery, University of 
Pisa, Italy.

Background and aims: Subcutaneous (SAT) and, especially, visceral adipose 
tissue (VAT) may contribute to hypertension by promoting endothelial dys-
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function and impaired insulin sensitivity. In hypertensive patients (HT), the 
inflammatory network and the metallo-proteinase/tissue metallo-proteinase 
inhibitors (MMP/TIMP) system are important modulators of vascular struc-
ture/function.
Materials and methods: In mature adipocytes, isolated from paired samples 
of VAT and SAT from 30 non-diabetic, lean, never-treated HT and 20 age- 
and sex-matched normotensive controls (C), we measured TNFα, TGFß, 
IL-6, PAI-1, MMP-2, MMP-9, TIMP-1 and TIMP-2 expression (by realtime 
PCR, expressed as targeted/reference ratio), MMP-2 and MMP-9 activity (by 
zymography) and TIMP-1 and TIMP-2 protein expression (by Western blot 
analysis). Plasma IL-6, TGFß and PAI-1 levels were also determined.
Results: SAT MMP-9 was similarly expressed in HT and C (0.4±0.04 vs 
0.5±0.03 in VAT and 0.9±0.05 vs 1.0±0.05 in SAT). In contrast, MMP-2 ex-
pression was strongly reduced in SAT of HT (2.4±0.2 vs 0.9±0.03, p<0.0001), 
but not in VAT (0.9±0.05 vs 0.8±0.04, p=ns). VAT TIMP-1 was similar in C 
and HT (1.0±0.03 vs 1.0±0.06), while it was reduced in SAT of HT (0.5±0.03 
vs 0.4±0.03; p=0.0005). TIMP-2, more abundant in SAT than in VAT, was 
reduced in HT VAT and SAT (2.0±0.06 vs 1.0±0.03 in VAT, and 3.1±0.1 vs 
1.2±0.04 in SAT, both p<0.0001). These results were confirmed at the pro-
tein level by Western blot. MMP-2 activity was reduced in HT in both VAT 
and SAT (4674±209 vs 3889±87 and 5329±113 vs 3965±64 AU, p=0.0008 
and p<0.0001 respectively). Despite similar expression in C and HT, MMP-9 
activity was markedly reduced in HT (13408±552 vs 1021±32 in VAT and 
3398±98 vs 633±11 AU in SAT; both p<0.0001). IL-6 expression, abundant in 
both VAT and SAT, was significantly higher in HT (15.3±2.4 vs 186.8±21.5 in 
VAT and 9.8±0.8 vs 38.4±3.2 in SAT, both p<0.0001). TNFα was similarly ex-
pressed in VAT and SAT of C (1.2±0.04 vs 1.1±0.05), while its presence in VAT 
of HT was markedly increased (3.9±0.3 vs 1.4±0.2, p<0.0001). TGFß was sig-
nificantly lower in VAT (1.7±0.04 vs 1.2±0.05) and SAT (1.4±0.05 vs 1.2±0.09, 
both p<0.0001) of HT vs C. Lastly, PAI-1, more abundant in VAT than in SAT 
in both groups, was 18-fold more represented in VAT (2.4±0.02 vs 35.0±4.3, 
p<0.0001), and 9-fold higher in SAT (2.3±0.03 vs 19.0±2.4, p<0.0001) of HT 
than C. Circulating IL-6 concentrations were 2-fold higher in HT (2.5±0.2 vs 
5.4±0.5 pg/ml, p<0.0001), while TGFß levels did not differ between the two 
groups (19.0±1.3 vs 20.7±1.4 ng/ml). Plasma PAI-1 levels were much higher 
in HT than C (27.7±1.8 vs 49.0±1.4 ng/ml, p<0.0001). In the whole dataset, 
IL-6 in VAT was directly correlated with systolic and diastolic blood pressure 
values. Also, significant inverse relationships were observed between blood 
pressure levels and MMP-2 and MMP-9 activity in VAT and SAT.
Conclusion: Untreated hypertensive patients have a peculiar pattern of ex-
pression of MMP/TIMP and inflammatory molecules in isolated mature 
adipocytes: MMP-2, TIMP-1, TIMP-2 and TGFß expression and activity are 
markedly reduced, while PAI-1 and IL-6 expression is increased, as reflected 
in higher circulating levels. These results support an important role for adi-
pose tissue in the pro-inflammatory and pro-thrombotic state in lean hyper-
tensive subjects.

1098
On the relation of visceral obesity, insulin resistance, CRP and blood 
pressure in a general population: the Rijswijk study
N. Tjeerdema, M.J. Van Glabbeek, J.T. Tamsma; 
Vascular Medicine Dept Endocrinology / G.I.M., Leids University Medical 
Centre, Leiden, Netherlands.

Background and aims: Visceral obesity, insulin resistance, and low-grade in-
flammation are regarded as underlying pathophysiologic factors of the meta-
bolic syndrome. The purpose of this study was to investigate blood pressure 
in relation to visceral obesity, insulin resistance and elevated CRP levels.
Materials and methods: In a primary health care setting, this cross-sectional 
study was performed in a general population. All subjects registered in the 
practices as patients (40-70 years) without diabetes mellitus were invited for 
an cardometabolic analysis. 1984 patients (response rate approx 70%) have 
been assessed. Laboratory assessments were performed in a representative 
subgroup of 1350 subjects. Access to medical records including medication 
use was available. Blood pressure, waist circumference, plasma glucose, in-
sulin and hsCRP levels were measured. We used the IDF-criteria for visceral 
obesity (VO), HOMA-IR >2 for insulin resistance (IR) and hsCRP >2 as a 
marker of low grade inflammation to classify subjects.
Results: Only 20% of the subjects (CO group)were apparently healthy as de-
fined by absence of VO, IR and normal hsCRP levels. VO was highly prevalent 
(73.5%). Insulin resistance was nearly always associated with VO (98.8%) and 
the presence of elevated hsCRP was often accompanied by visceral obesity as 
well (84%). In isolated form IR was observed in only 1 subject and in combina-

tion with elevated CRP in 3 subjects. These two groups were not further ana-
lysed in the present study. Blood pressure correlated with visceral obesity (r= 
0.354, p= 0. 001), insulin resistance (r= 0.105, p=0.001) and slightly with CRP 
(r= 0.066, p= 0.013). Systolic blood pressure significantly differed between the 
groups (see figure for ANOVA comparisons between groups). Blood pressure 
increased in following order: CO, CRP+; VO+ (RR 130(19)/82(12) mmHg); 
VO+CRP+ (RR 133(20)/83(11) mmHg); VO+IR+ (RR 140(18)/89(9) mmHg); 
VO+IR+CRP+ (RR 144(23)/89(12) mmHg). For diastolic blood pressure sim-
ilar results were obtained. Multiple regression analysis confirmed the inde-
pendent effect of IR and VO (but not CRP levels) on blood pressure level after 
adjustment for age, gender and smoking. For each 10cm waist circumference 
respectively one unit HOMA-IR; blood pressure increased with 3,4 mmHg re-
spectively 18,2 mmHg. Repeating analysis to subjects without blood pressure 
lowering medications revealed similar results.
Conclusion: Visceral obesity, insulin resistance and inflammation directly 
relate to blood pressure levels in a general population. Visceral obesity and 
insulin resistance are independent driving forces for hypertension, this was 
not observed for systemic inflammation measured as elevated C-reactive pro-
tein levels. 

1099
Short sleep duration is associated with blood pressure non dipping 
pattern in type 1 diabetes: the DIAPASOM study
A.-L. Borel1, P.-Y. Benhamou1, J.-P. Baguet2, I. Debaty1, P. Levy3, J.-L. Pepin3, 
J.-M. Mallion2; 
1Endocrinology, Pole digidune, 2Cardiology, 3Rehabilitation and Physiology, 
University Hospital, Grenoble, France.

Non-dipping blood pressure status is associated with an increased cardio-
vascular risk in type 1 diabetes. Sleep quality or duration changes may affect 
glucose control and perception of sleep-related hypoglycaemias.
Objective: To assess whether blood pressure dipping status in type 1 diabetes 
is correlated with specific sleep characteristics and differences in continuous 
glucose monitoring profiles.
Research design and methods: 20 type 1 diabetic patients (age 47±12 yrs, 
BMI 26.7±3.2 kg/m2) underwent sleep explorations with simultaneous 24h 
Ambulatory Blood Pressure Monitoring and continuous nocturnal glucose 
monitoring.
Results: Fifty five percent of the patients exhibited blunted blood pres-
sure dipping and did not differ from dippers for age, BMI, 24 hour systolic 
(SDP)/diastolic blood pressure (DBP). Total Sleep Period (TSP) (407±44 vs. 
497±30 min for non dippers and dippers, respectively, p<0.001) and Total 
Sleep Time (TST) (356±72 vs. 425±82 min, p=0.03) were shorter in the non-
dipper group. SBP and DBP day-night differences and TSP were correlated 
(R=0.44, p=0.05 and R=0.49, p=0.03, respectively). Subjects with the shorter 
TST had a higher risk to be non dipper (OR = 9.3 [1.19-7.3], p = 0.03). Pe-
riods of nocturnal hypoglycaemia (i.e. % of TSP with glycaemia<70mg/dL) 
were longer in dipper subjects (0.1±0.4% vs. 8.1±10.7 for non dippers and 
dippers, respectively, p=0.02) whereas mean nocturnal glycaemia and dura-
tion of nocturnal hyperglycaemia were similar.
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Conclusion: Dipping status in type 1 diabetes was associated with longer 
sleep duration and more night-time spent in sleep-related unawareness hy-
poglycaemias. 

Supported by: Direction de la Recherche Clinique Grenoble, France
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Blood pressure levels and dipping pattern are determined by insulin 
resistance independently from fat mass and adiponectin interaction in 
premenopausal obese women 
J. Silva-Nunes1,2, L. Duarte1, L. Veiga2, A. Melao2, M. Brito2, F. Malheiro1; 
1Endocrinology Department, Curry Cabral Hospital, Lisbon, 2High School 
for the Health Technology of Lisbon, Portugal.

Background and aims: Adiponectin is an adipokine which is assumed to 
confer cardiovascular protection. Obesity, high blood pressure (BP), non-
dipper pattern of BP variation and insulin resistance (IR) are all considered 
cardiovascular risk factors. The aim of our work was to evaluate the asso-
ciation of BP levels (mean 24 hours, daytime and nighttime levels) and its 
pattern of variation throughout the day with adiponectin levels and with the 
degree of insulin resistance, in premenopausal obese women without known 
hypertension.
Materials and methods: We studied 74 Caucasian premenopausal obese fe-
males not under any drug treatment (except oral contraceptives). They were 
characterized for BMI, waist circumference, waist:hip ratio (WHR) and a 
fasting blood sample was collected for adiponectin, insulin, glucose and trig-
lycerides assessments. IR was assessed by 3 indexes: homeostatic model as-
sessment (HOMA-IR), quantitative insulin resistance check index (QUICKI) 
and McAuley formula. They were submitted to a 24h ambulatory blood pres-
sure monitoring. Nighttime was considered from 23:00 to 07:00 and non-dip-
per pattern was defined by less than 10% nocturnal decrease in the median 
BP. Statistical analysis was performed with the SPSS program, version 16.0. 
The established limit for statistical significance (p) was 0.05.
Results: Women were characterized by mean age=34 ±8.1 years, BMI=42.9±8.1 
Kg/m2, waist=117.1±14.7 cm, WHR=0.88±0.07, adiponectin=6.52±2.88 μg/
ml, HOMA-IR=3.79±2.2, QUICKI=0.14±0.01 and McAuley=6.36±1.37. The 
24h systolic BP=120.2±9.3 mmHg, diastolic BP=72.6±6.9 mmHg and mean 
nocturnal decrease=13.5±10.2 mmHg; hypertension was present is 18.9% and 
non-dipper pattern was present in 36.5% of patients. Dipper patients present-
ed higher HOMA-IR (p=0.003) and lower QUICKI (p=0.001) and McAuley 
(p=0.032). Adiponectin correlated directly with QUICKI (p<0.001; r=0.419) 
and McAuley (p<0.001; r=0.468), independently from anthropometry. We 
also found an independent association of indexes of IR (but not adiponec-
tin) with BP levels: daytime systolic BP with HOMA-IR (p=0.002; r=0.354), 
QUICKI (p=0.008; r=-0.308) and McAuley (p=0.016; r=-0.279); nighttime 
systolic BP with HOMA-IR (p<0.001; r=0.488) and QUICKI (p<0.001; r=-
0.49); nighttime diastolic BP with HOMA-IR (p=0.001; r=0.378), QUICKI 
(p=0.001; r=-0.383) and McAuley (p=0.009; r=-0.304); 24h systolic BP with 
HOMA-IR (p<0.001; r=0.438), QUICKI (p<0.001; r=-0.404) and McAuley 
(p=0.004; r=-0.334); 24h diastolic BP with HOMA-IR (p=0.027; r=0.257) and 
McAuley (p=0.03; r=-0.253). Independently from anthropometrics, HOMA-
IR was inversely related (p=0.007; r=-0.313) and QUICKI directly related 
(p=0.001; r=0.368) with the nocturnal decrease in BP.
Conclusion: Non-dipping pattern of BP variation is relatively common in 
premenopausal obese patients. Independently from the existent amount of fat 
mass, IR indexes contribute themselves for BP regulation and for the degree 
of the nocturnal decrease observed. Although lower adiponectinemia is asso-
ciated with higher abdominal fat and higher IR, adiponectin itself seems not 
to be implicated in BP regulation or in the dipping phenomenon.
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Blood pressure and prediction of mortality in elderly type 2 diabetic 
patients (ZODIAC-14)
S.T. Houweling1,2, K.J.J. van Hateren3, K.H. Groenier4, G.W.D. Landman3,5, 
N. Kleefstra3,1, H.J.G. Bilo3,5; 
1Langerhans Medical Research Group, Zwolle, 2General Practice Sleeuwijk, 
3Diabetes Centre, Zwolle, 4Department of General Practice, University 
Medical Center Groningen, 5Department of Internal Medicine, Isala Clinics, 
Zwolle, Netherlands.

Background and aims: Systolic blood pressure, diastolic blood pressure, and 
pulse pressure, all increase the risk of (cardiovascular) mortality. Systolic 
blood pressure is considered to be the strongest predictor of them. In elderly 
patients with type 2 diabetes mellitus (T2DM) the predictive role of the vari-
ous blood pressure indices has not been assessed before. Therefore, we inves-
tigated the predictability of the various indices in elderly T2DM patients.
Materials and methods: In 1998, 881 primary care patients with T2DM aged 
60 years and older participated in the ZODIAC study. The cohort was divided 
into two age categories: 60-75 years and older than 75 years. Life status was 
assessed after a median follow-up time of 5.7 years. We used a Cox propor-
tional hazard model to investigate the relationship between the blood pres-
sure indices and all-cause as well cardiovascular mortality in both age groups. 
Predictability was evaluated using Bayesian information criterion (BIC) and 
Harrell’s C statistics. The following variables were selected as possible con-
founders: gender, smoking (yes or no), body mass index, duration of diabetes, 
serum creatinine, cholesterol-HDL ratio, macrovascular complications (yes 
or no), albuminuria (yes or no), the use of lipid lowering and antihyperten-
sive drugs (yes or no) and age.
Results: All of the blood pressure indices were inversely related to all-cause 
mortality in the high age group (> 75 years). Predictive capability, indicated 
by lower BIC-values and higher Harrell’s C values, was about the same for 
all of the indices for both all-cause and cardiovascular mortality (table 1). In 
the low age group (60-75 years) the associations between blood pressure and 
mortality were not significant.
Conclusion: Systolic, diastolic, and pulse pressures are equally strong predic-
tors of all-cause and cardiovascular mortality in an elderly T2DM population. 
The predictive capability of blood pressure in the general population may not 
be applicable to an elderly diabetic population.

Table 1. Predictability of mortality in elderly diabetic patients
All-cause mortality Cardiovascular mortality
BIC Harrell’s C BIC Harrell’s C

Systolic blood pressure 1934,04 0,69 965,73 0,69
Diastolic blood pressure 1942,17 0,67 965,61 0,68
Pulse pressure 1943,53 0,68 967,99 0,68

1102
Prevalence of renal artery stenosis in diabetic patients undergoing 
cardiac catheterization
I.I. Klefortova1, M. Shmkhalova1, M. Shestakova1, E. Tugeeva2,  
U. Buziashvili2, I. Dedov1; 
1Diabetic Nephropathy, Endocrinology Research Center, 2Bakoulev 
Scientific Center of Cardiovascular Surgery, Moscow, Russian Federation.

Background and aims: To examine the prevalence and severity of renal ar-
tery stenosis (RAS) in patients undergoing coronary angiography.
Materials and methods: A total of 30 patients with type 2 diabetes and 26 
patients without diabetes were undergone cardiac catheterization and re-
nal angiography. Mean age was 59.1±8.3 and there was no difference in the 
groups. Moderate to severe arterial stenosis (>50%), was noted as significant 
angiographic findings. Glomerular filtration rate (GFR) was calculated by the 
MDRD equation.
Results: Angiographically evident RAS was present in 43.3% (30% monola-
teral, 13.3 % bilateral) of diabetic patients and in 30.7% of nondiabetic pa-
tients. Lipid level, GFR, ejection fraction (EF) was similar in both groups. 
RAS-negative and RAS-positive diabetic groups were similar in duration of 
diabetes and arterial hypertension, age, lipid specter, GFR. Diabetic patients 
with RAS had lower EF (p=0.008), lower hemoglobin level (p=0.046) and 
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revealed significant difference in the incidence of previous myocardial in-
farction (p=0.004). Multivessel coronary artery disease was more frequent 
in diabetic patients with RAS (73.3%) as compared with those without RAS 
(42.3%) (p=0.017) and that was the reason why they were more often under-
gone coronary stenting (p=0.027) and coronary bypass surgery (p=0.02). RAS 
was associated with incidence of previous myocardial infarction (RR=3.81, CI 
95% (1.3; 11.4), p < 0.05), coronary stenting (RR=2.5, CI 95% (1.28; 4.88), p < 
0.05) and coronary bypass surgery (RR=2.82, CI 95% (1.42; 5.61), p < 0.05).
Conclusion: The prevalence of RAS was more frequent among diabetics in 
comparison with nondiabetics undergoing coronary catheterization. Renal 
angiography should be considered particularly in diabetic patients with mul-
tivessel coronary disease with even normal renal function or mild renal in-
sufficiency.

1103
Renal complications due to white-coat hypertension in type 2 diabetes
C. Garcia, H. Baizri, J. Le Berre, L. Bordier, O. Dupuy, H. Mayaudon,  
B. Bauduceau; 
Endocrinology, Hôpital Bégin, Saint Mandé, France.

Background and aims: The aim of this study is to assess renal complications 
due to white-coat hypertension in type 2 diabetes.
Materials and methods: This study is based on the exploration of 412 pa-
tients, mean age 58.4 ± 12.7 years, followed for type 2 diabetes with mean 
duration 10.6 ± 9.8 years. They did not receive any cardiovascular treatment. 
These patients were divided into 3 groups according to the values of their 
clinic blood pressure (cBP) and the average of their diurnal BP (dBP), meas-
ured by ambulatory BP monitoring: patients with normal BP (cBP<140/90 
mmHg and dBP<135/85 mmHg, N = 225 ), white-coat hypertension (WCH: 
cBP> dBP 140/90 mmHg and <135/85 mmHg, N = 76) and hypertension 
(HBP: cBP> 140/90 mmHg and dBP> 135/85 mmHg, N = 111) . The impact 
is assessed by renal creatinine clearance (Cockcroft formula) and the urinary 
albumin excretion rate (UAER, mg/24 hours).
Results: Age of patients, duration of diabetes and BMI did not significantly 
differ in the 3 groups. The average of diurnal BP of WCH subjects was higher 
than those of patients with normal BP (SBP: 124 ± 8 vs 118 ± 9 mmHg, p 
<0.0001 and DBP: 76 ± 6 vs 73 ± 6 mmHg, p <0.001). Creatinine clearance 
did not differ significantly in the 3 groups. UAER of subjects presenting WCH 
was higher than those with normal BP (79 ± 154 vs 40 ± 121 mg / 24 hours, 
p <0.05). Comparison of HBP and WCH led to the same conclusions for BP 
(SBP: 143 ± 11 vs 124 ± 8 mmHg, p <0.0001 and DBP: 85 ± 10 vs 76 ± 6 
mmHg, p <0.0001) and for UAER (139 ± 236 vs 79 ± 154 mg / 24 hours, p 
<0.05). For the whole population, UAER was linked to the difference between 
cBP and dBP (r = 0188, p = 0.002 with SBP and r = 0145, p = 0.003 with DBP). 
The difference between cDBP - dDBP explained 9.1% of the UAER variance.
Conclusion: This study highlights the frequency of WCH in type 2 diabetes 
(18.4%) and shows that it can lead do kidney damage. Then, according to this 
result, patients with white-coat hypertension should be treated.

1104
Circadian blood pressure variation in patients with type 2 diabetes 
- relationship between dipper status and early cardiovascular organ 
damage 
P.E. Jennersjö1, M. Wijkman2, A.-B. Wiréhn3, T. Länne2, J. Engvall4,  
F. Nyström2, C.J. Östgren1; 
1Department of Medical and Health Sciences, Linköping University, 
Division of Community Medicine, 2Department of Medical and Health 
Sciences, Linköping University, Division of Cardiovascular Medicine, 
3Research and Development Unit of Local Health Care, 4Department of 
Clinical Physiology, Linöping University Hospital, Linköping, Sweden.

Background and aims: The role for diurnal blood pressure pattern as car-
diovascular risk assessment tool in clinical practice is unclear. The aim of this 
study was to explore the association between nocturnal blood pressure dipper 
status and measures of arterial stiffness and left ventricular mass in patients 
with type 2 diabetes.
Materials and methods: We analysed data from 414 patients with type 2 dia-
betes, aged 55-66 years, in the ongoing observational CARDIPP (Cardiovas-
cular Risk factors in Patients with Diabetes - a Prospective study in Primary 
care) study. Blood samples were taken for analyses of serum lipids, serum 
creatinin and HbA1c. Nurses measured office blood pressure (mean values 

of 3 measurements in sitting position) and ambulatory blood pressure during 
twenty-four hours. Left ventricular mass index (LVMI) was determined with 
echocardiography and aortic pulse wave velocity (PWV) was measured with 
applanation tonometry over the carotid and femoral arteries.
Results: Dippers were defined as a ≥ 10% nocturnal reduction in systolic 
blood pressure. We identified 264 dippers and 150 subjects with a noctur-
nal non-dipping pattern. There were no differences in office systolic blood 
pressure (138 ± 16 vs 139 ± 16) or office diastolic blood pressure (80 ±10 vs 
81 ± 11) between dippers and non-dippers, respectively. Non-dippers had 
higher PWV (11 ±2.2 vs 10 ± 2.2, p=0.002) and increased LVMI (127 ± 29 
vs 119 ± 29, p=0.02) compared to dippers. When exploring the strength of 
the association between dipper status and PWV and LVMI, respectively, in a 
linear regression adjusted for gender, age, HbA1c, office systolic blood pres-
sure and serum creatinin, the results remained significant for PWV (p=0.004) 
and LVMI (p=0.025).
Conclusion: We conclude that a non-dipping pattern in nocturnal blood 
pressure was associated with increased arterial stiffness and increased LVMI 
in middle aged patients with type 2 diabetes. The association was independ-
ent of office systolic blood pressure and serum creatinin.
Supported by: Medical Research Council of Southeast Sweden

1105
Relationship of retinal vessel caliber with provoked vasodilatation under 
flickering light in adolescents with type 2 diabetes and hypertension
A. Mandecka1, J. Dawczynski2, M. Schwefer3, W. Vilser4, M. Blum5,  
N. Müller1, C. Kloos1, G. Wolf1, U.A. Müller1; 
1Internal Medicine III, Friedrich Schiller University Jena, 2Department 
of Ophthalmology, Friedrich Schiller University Jena, 3Department of 
Cardiology, Helios Klinikum, Erfurt, 4IMEDOS, Jena, 5Department of 
Ophthalmology, HELIOS Klinikum, Erfurt, Germany.

Background and aims: The assessment of retinal vessel caliber provides 
prognostic information regarding diabetic retinopathy. Additional informa-
tion regarding retinal abnormalities may be obtained when vessels are func-
tional challenged (dynamic vessel analysis). In response to flickering light, 
used as a stimulus to test vascular reactivity, the retinal vessels dilate. Re-
duced response to flicker is considered as a marker of endothelial dysfunc-
tion. We investigated the retinal vessel caliber (static analysis) and flicker-
induced retinal vessel dilatation (dynamic analysis) in patients with type 2 
diabetes and hypertension.
Materials and methods: We studied 76 healthy controls and 171 type 2 dia-
betic patients with known hypertension. The diameter of retinal vessels was 
measured with the Dynamic Vessel Analyzer. Diabetic retinopathy was clas-
sified according to the Early Treatment Diabetic Retinopathy Study criteria. 
Retinal vessel calibers are expressed in μm and changes in vasodilatation as 
percentage change over baseline value.
Results: After adjustment for age, sex, mean arterial blood pressure and 
blood glucose, the central retinal artery equivalent (CRAE) was significantly 
higher in patients without retinopathy (p<0.028) in comparison to controls. 
Patients with proliferative retinopathy showed significantly reduced CRAE 
in comparison to any other stages of retinopathy. After adjustment for age, 
sex, mean arterial blood pressure, blood glucose and CRAE, there was a sig-
nificant trend of decreasing arterial vasodilatation after flickering light with 
increasing stages of retinopathy (p<0.016). Central retinal venous equivalent 
(CRVE) was significantly increased in diabetic patients without retinopathy 
(p<0.002), in mild NPDR (p<0.007) and in moderate NPDR (p<0.001) after 
adjustment for age, sex, mean arterial blood pressure and blood glucose. The 
venous vasodilatation after flickering light decreased with increasing stages 
of retinopathy although the trend was statistically not significant. Linear re-
gression analysis showed a significant correlation of CRVE with HbA1c (β = 
0.211, p<0.026).
Conclusion: Initial stages of retinopathy are associated with arterial and 
venous vasodilatation whereas the proliferative retinopathy is associated 
with arterial vasoconstriction. The flicker-induced arterial vasodilatation 
decreased significantly with increasing stages of retinopathy independent 
of CRAE. Static and dynamic retinal vessel analysis represent two different 
pathophysiological mechanisms. The implementation of both analysis may 
provide additional information about abnormal retinal autoregulation in dia-
betic retinopathy.
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1106
Glycaemia and blood pressure management improves the outcome of 
laser coagulation in hypertensive patients with diabetes
L. Tsutskiridze, R. Kurashvili, G. Kurashvili, E. Shelestova, M. Dundua,  
E. Skhiladze, T. Gvaladze; 
Georgian Diabetes Center, Tbilisi, Georgia.

Background and aims: Poorly controlled diabetes mellitus (DM) and high 
blood pressure (BP) are major risk factors for retinopathy development. Fif-
teen years from diagnosis, ~50% of people with Type 1 and 80% with Type 
2 DM develop proliferative retinopathy (PDR). Laser coagulation (LC) is the 
most effective therapeutic approach to PDR and macular edema (MO). The 
aim of the present work was to show that LC performed when glycaemia 
and BP control is good, prevents PDR progression and decreases the rate of 
relapse.
Materials and methods: Patients with PDR (n=52, 88%) and MO (n=7,12%) 
were divided into 2 groups: Gr.1-(n=37), systolic BP(SBP) 160±15 mmHg 
and microalbuminuria (MA)-80±20 mg\l; Gr. 2-(n=22)-SBP 162±20 mmHg 
and MA 85±23 mg/l. At entry mean fasting (FBG) and postprandial (PBG) 
blood glucose and HbA1c levels in both groups were: FBG-40±15 mg\dl; 
PBG-230±30 mg\dl; HbA1c-12.4±2.5%; Glycaemia and ABP control was 
normalized in both groups before LC was performed: Gr. 1 intensive insulin 
therapy and aggressive antihypertensive treatment; Gr. 2 oral hypoglycemic 
agents and less tight ABP control. LC comprised ~2500 pan retinal burns for 
PDR and standard grid for MO.
Results: At 3 months glycaemia and ABP indices had improved: FBG-05±10 
mg\dl; PBG-60±20 mg\dl; HbA1c-7.6±1.5%. In Gr. 1-SBP and MA were nor-
malized (130±10 mmHg and 25±9 mg\l, respectively, p=0, 001); in Gr. 2-SBP 
and MA-142±15 mmHg and 38±12 mg\l, respectively, p=0, 001. At 3 months 
LC was successful in 49/52 PDR patients; in 3 (5.8%) cases from Gr. 2, where 
glycemia and ABP control was less strict, relapse occurred. Hard exudates 
cleared and vision improved in MO eyes.
Conclusion: In this study population strict glycaemia and ABP control re-
sulted in better outcomes in patients with PDR and MO.

1107
Estimated GFR but not ADMA is independently associated with diabetic 
retinopathy in type 2 diabetes
K. Krzyzanowska1, F. Mittermayer2,3, G.H. Schernthaner4, S. Brunner5,  
J. Brix1, S. Aschauer2, M. Wolzt2, G. Schernthaner1; 
1Internal Medicine I, Rudolfstiftung Hospital, Vienna, Austria, 2Clinical 
Pharmacology, Medical University Vienna, Vienna, Austria, 3Internal 
Medicine 5, Wilhelminen Hospital, Vienna, Austria, 4Internal Medicine 
2, Medical University Vienna, 5Ophtalmology, Rudolfstiftung Hospital, 
Vienna, Austria.

Background and aims: Patients with type 2 diabetes mellitus (T2DM) and 
diabetic retinopathy are at increased risk for cardiovascular disease. Asym-
metric dimethylarginine (ADMA) is associated with cardiovascular events in 
patients with T2DM. We investigated the role of ADMA in T2DM patients 
with and without retinopathy adjusted for prevalent cardiovascular disease.
Materials and methods: One hundred twenty seven patients with T2DM 
(mean age: 63 yrs.; women: n=49) were included according to a cross-sec-
tional study design. Sixty eight of these patients had macrovascular disease. 
Diabetic retinopathy was present in 67 patients.
Results: Patients with diabetic retinopathy had increased ADMA, longer dia-
betes duration and reduced glomerular filtration rate (GFR; calculated with 
the MDRD formula). ADMA correlated with GFR (R=-0.35; p<0.001), diabe-
tes duration (R=0.19; p=0.048) and age (R=0.19; p=0.033). In a crude logistic 
regression analysis a 1 SD log increase in ADMA was significantly associ-
ated with the presence of diabetic retinopathy (OR 1.50; 95% CI: 1.03 - 2.17; 
p=0.034). After adjustment for prevalent cardiovascular disease this associa-
tion remained significant (OR 1.48; 95% CI: 1.02 - 2.15; p=0.039). Further 
inclusion of GFR into the regression analysis abolished this significant rela-
tionship (OR 1.21; 95% CI: 0.81 - 1.83; p=0.354) and revealed an independ-
ent association between GFR and diabetic retinopathy. Diabetes duration 
(R=-0.27; p=0.006), HbA1c (R=0.31; p=0.001) and diastolic blood pressure 
(R=0.25; p=0.011) correlated with GFR. A GFR decrease of 10 ml/min/1.73 
m2 was associated with an OR of 1.32 (95% CI: 1.13 - 1.54; p=0.001) for the 
prevalence of diabetic retinopathy. After adjustment for possible confounders 
GFR remained significantly related to diabetic retinopathy (OR 1.25; 95% CI: 
1.04 - 1.50; p=0.019).

Conclusion: These findings indicate that the prevalence of macrovascular 
disease does not influence the relationship between ADMA and diabetic 
retinopathy in patients with T2DM. However, this association seems to be 
caused by reduced renal function found in subjects with diabetic retinopathy. 
GFR was the only parameter independently related to diabetic retinopathy 
in this study.

1108
Diabetic retinopathy and associated conditions - what relationship?  
A study in patients with type 2 diabetes
J.F. Raposo1, C.A. Nabais2, J.A. Pereira2, P.M. Pereira2, R.M. Capote2,  
S.M. Coelho2; 
1Diabetes, Portuguese Diabetes Association (A.P.D.P.), 2Public Health 
Department, Medical Sciences Faculty, Lisbon, Portugal.

Background and aims: Diabetic retinopathy is the leading cause of blindness 
in adults in Western countries. There are few studies about this microvascular 
complication in the Portuguese population. The aim of the present study is 
to establish the relationship between diabetic retinopathy, risk factors and as-
sociated conditions, in a group of patients with type 2 diabetes mellitus.
Materials and methods: We performed a descriptive, transversal and case-
control study that included 874 patients - 437 with and 437 without diabetic 
retinopathy, respectively, seen for the first time at the Portuguese Diabetes 
Association. Data were collected from informatic medical records.
Results: The group with retinopathy had significantly higher values of 
HbA1c, systolic blood pressure and years of diagnosis, compared with the 
group without retinopathy (p 6,5%) but in the subgroup with retinopathy, the 
percentage of patients in these conditions was higher (91,3%) compared to 
control group (73,2%) (p <0,05). The prevalence of hypertension in the sam-
ple was 73%. It was found that the group with retinopathy had a significantly 
higher prevalence of hypertensive patients (79,6% versus 66,4% - p<0,05). 
The prevalence of nephropathy was higher in the group with retinopathy 
(35,6% versus 20,8% - p<0,05).
Conclusion: There is a positive correlation between retinopathy and hyper-
tension, glycaemic control and nephropathy. Systolic blood pressure seems 
more important than diastolic blood pressure for this association. With this 
study we reinforce the importance of blood pressure control and to educate 
patients about the benefits of a good glycaemic control.

1109
Paraoxonase gene polymorphisms are associated with carotid arterial 
wall thickness in essential hypertensive subjects with metabolic 
syndrome
E. Russo1, L. Pucci1, D. Lucchesi1, G. Dell’Omo2, E. Storti1, C. Bianchi1,  
A.G. Daniele1, G. Penno1, S. Del Prato1, R. Pedrinelli2, R. Miccoli1; 
1Endocrinology and Metabolism, 2Dept. of Cardio-Thorax Disease, 
University of Pisa, Italy.

Background and aims: Paraoxonase (PON1), a HDL-associated enzyme, is 
protective against LDL oxidation. Two frequent mutations of the PON1 gene, 
Q192R and L55M, have been associated with carotid arterial wall thickness in 
young adults, in type 2 diabetes, and in familial hypercholesterolemia.
Materials and methods: In this pilot study, we examined the influence of 
the two polymorphisms on carotid atherosclerosis in 183 newly diagnosed 
untreated hypertensive subjects 64 of whom (35%) had Metabolic Syndrome 
(MS). Distributions of the two polymorphisms were determined by PCR-
RFLP analysis. High resolution B-mode ultrasound assessed carotid intima-
media wall thickness (IMT). MS was defined according to the latest NCEP-
ATPIII.
Results: Frequencies of the QQ and LL genotypes were 56% and 52%, re-
spectively, with no differences between MS+ (n. 64) and MS- (n. 119). QQ 
and R carriers, as well as LL and M carriers did not differ for age, BMI, waist, 
systolic and diastolic BP (ambulatory BP monitoring), creatinine, MDRD-
eGFR, total-, LDL- and HDL-cholesterol, triglycerides, apolipoprotein A1 
and B, fasting- and OGTT-AUC- (Area Under the Curve) glucose, fasting- 
and OGTT-AUC-insulin, HbA1c. No differences by genotypes emerged af-
ter stratification by MS. Carotid IMT was higher in QQ (n. 103; 0.81±0.25 
mm) than in R carriers (n. 80; 0.73±0.22 mm, p=0.02). This difference was 
lost in MS- (0.78±0.25 vs 0.73±0.23 mm) but persisted in MS+ (0.85±0.25 vs 
0.72±0.21 mm, p=0.04). No difference in carotid IMT was observed between 
LL genotypes and M carriers (0.79±0.25 vs 0.76±0.23 mm) in the whole co-
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hort, as well as in MS- (0.76±0.24 vs 0.76±0.25 mm) and MS+ (0.84±0.27 vs 
0.77±0.20 mm). Homozygous wildtype QQ/LL (48 subjects, 26%) had the 
highest carotid IMT (0.85±0.27 mm) as compared to the other genotypes 
(combined: 0.75±0.23 mm, p=0.01). Again, this difference was present in 
MS+ (0.91±0.31 vs 0.77±0.20 mm, p=0.05) but not in MS- (0.81±0.25 vs 
0.75±0.24 mm). Multiple regressions analysis demonstrated the QQ geno-
type and the QQ/LL combination of the PON1 gene to be independent risk 
factors for increased IMT.
Conclusion: In conclusion, our data support the view of an independent as-
sociation between PON1 gene variants and carotid atherosclerosis in essen-
tial hypertensive subjects with metabolic syndrome.

PS 100 Eye complications
1110
Localized peripapillary optic nerve fibers deficiency (LPONFD) in 
diabetic patients without retinopathy 
C. Vardanian1, P. Guillot1, S. Bernard1, S. Charrière1, A. Crand1,  
A. Decaudain1, M. Pugeat1, P. Denis2, P. Moulin1; 
1Endocrinology Diabetology, 2Ophthalmology, Hospices Civils de Lyon, 
France.

Background and aims: Fundus photographs examination revealed that some 
diabetic patients have localized peripapillary optic nerve fibers deficiency 
(LPONFD) without glaucoma criteria. The aim of the study was to evaluate 
the functional impact of these defects.
Materials and methods: This case-control study enrolled 2 000 consecutive 
diabetic patients (without retinopathy or with minor retinopathy) between 
july 2007 and july 2008 : 150 LPONFD were detected (prevalence of 7,5%). A 
prevalence of 3% was observed in 170 controls subjects without diabetes. A 
complete ophthalmologic examination was made (intraocular pressure (IOP) 
measurement, visual field analysis (VF), retinal nerve fiber layer measure-
ment (RNFL) by OCT) in 40 subjects with LPONFD, 30 subjects with normal 
tension glaucoma (NTG) et 56 diabetic controls.
Results: 

Controls 
(n=56)

LPONFD 
(n=40)

NTG  
(n=30)

p 

Age (years) 53.5 +/-1.71 58.04 +/-1.89 62.9 +/-1.99 0.006
Diabetes duration 
(years)

12.9 +/-0.94 10.25 /- 1.38 8.33 +/- 1.27 0.2

HbA1C (%) 7.98 +/- 0.16 7.85 +/- 0.31 9.2 +/- 0.48 0.04
IOP 14.8 +/-0.86 16.6 +/-0.56 16.3 +/-0.53 0.26
OCT RNFL 108 +/-1.42 99.5 +/-2.31 79.7 +/-3.49 0.0001
VF MD -0.62 +/-0.35 -1.59 +/-0.52 -4.26 +/-1.43 0.006
VF PSD 1.7 +/-0.09 3.66 +/-0.3 4.1 +/-0.53 0.017
small optic disk (%) 18 43 0 0.001

LPONFD was observed in diabetic subjects younger than those with NTG. 
There were no difference between groups in prevalence of cardiovascular risk 
factors and diabetic complications.
Conclusion: In this diabetic population, we reported LPONFD resulting in 
impairment of RNFL and in corresponding visual field defects. LPONFD 
seems not to be related with diabetes mellitus but might be associated with a 
constitutional or acquired small optic disk.

1111
Low prevalence of diabetic retinopathy in a geriatric population of type 2 
diabetic patients
C. Kellner, A. Mandecka, W. Hunger-Battefeld, C. Kloos, G. Wolf,  
U.A. Müller; 
Internal Medicine III, Friedrich Schiller University Jena, Germany.

Background and aims: There is just a few evidence on the prevalence of dia-
betic retinopathy in the geriatric population. Up to now just one study con-
centrated specifically on the incidence of retinopathy in patients diagnosed 
with diabetes mellitus after the age of 70 years. We estimated the prevalence 
of diabetic retinopathy in patients with type 2 diabetes mellitus diagnosed 
after the age of 70 years in a ambulant and hospital based German population 
. The prevalence of retinopathy, blood glucose and blood pressure control was 
examined. The incidence of retinopathy in the geriatric population was com-
pared to the incidence of retinopathy in type 2 diabetic patients diagnosed 
between the age of 40 and 70 years.
Materials and methods: The study was performed on a collective of type 2 
diabetic patients who were being treated in a large out- and inpatient diabetes 
clinic at a tertiary university hospital. A total of 136 patients with the age 
of diagnosis of 70 years or more (age 80y, time since diagnosis 5y, HbA1c 
9%, blood pressure 146/79mmHg, BMI 28 kg/m²) and 1551 patients with the 
age of diagnosis between 40 and 70 years (age 66y, time since diagnosis 13y, 
HbA1c 8%, blood pressure 145/82 mmHg, BMI 30 kg/m²) were investigated. 
Patients with an eye examination within the last 2 years were included. Dia-
betic retinopathy was classified as no retinopathy (no DR), non-proliferative 
DR, proliferative DR and blindness.
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Results: In a group of 174 patients diagnosed after the age of 70 years 13.2% 
had DR (8.8% non-proliferative and 3.7% proliferative retinopathy). One pa-
tient was blind. In a group of 1551 patients diagnosed with diabetes between 
40 and 70 years 25.8% showed signs of DR (18.9% non-proliferative and 6.9% 
proliferative retinopathy). In a group of patients diagnosed at the age of 70 
or more, patients with diabetic retinopathy were older (82 vs. 80 J) and had 
significantly longer duration of the disease (8 vs. 5J) in comparison to the 
patients who had no signs of retinopathy. The HbA1c, systolic blood pressure, 
creatinine in serum and urine albumin excretion was higher in a group with 
retinopathy, although the difference was not significance.
Conclusion: The prevalence of retinopathy in diabetic patients diagnosed 
after the age of 70 is only half as much as in diabetic patients diagnosed at 
the age between 40 and 70 years. The prevalence of retinopathy in the elderly 
group is even lower as in a similar Danish analysis (Cahill et al 1997, DR 14%) 
and in an American study (WESDR 1984, DR 39%). The prevalence of pro-
liferative retinopathy in the Danish study (3,3%) was similar to our results. 
Therefore, older patients with late onset of the disease are less endangered to 
suffer from diabetic retinopathy.

1112
Results of screening for diabetic retinopathy in people with diabetes 
mellitus type 2 in Uzbekistan
N.S. Ibraghimova, N.M. Normatova, B.H. Shagazatova, N.M. Yuldasheva, 
D.M. Berdykulova; 
Laboratory for Endocrine Diseases, Research Institute of Endocrinology, 
Tashkent, Uzbekistan.

Background and aims: Diabetic retinopathy (DR) remains to be one of the 
most serious complications of diabetes mellitus (DM) resulting in partial or 
full loss of vision and subsequent disability. Screening for DR in PDM es-
pecially in those with DM type 2 is an effective method of DR detection at 
various stages of its development which enables development of step by step 
pathogenetic therapy.
Goal: carrying out of DR screening in PDM in regions of Uzbekistan and 
development of methods for prevention and early diagnostics of DR.
Materials and methods: Within the framework of the WDF 07-232 project 
«Prevention of blindness in people with diabetes mellitus in Uzbekistan» 
granted to Tashkent CPA “UMID”, DR screening was performed in PDM 
type 2 residing in the Ferghana, Bukhara regions and the Republic of Karaka-
lpakstan. We examined 2087 people with diabetes mellitus type 2 aged 18 to 
67. A level of glycaemia (a fasting one and 2 hours after meals), glycosylated 
haemoglobin and cholesterol were measured. Eyes were examined with a di-
rect ophthalmoscope (after preliminary pupil dilatation), visual acuity and an 
intraocular tension were measured.
Results: The analysis of the results of the screening undertaken in 2087 pa-
tients demonstrated that the DR rate in PDM type 2 made 56.9%. Of them DR 
grade I was revealed in 32.8%, DR grade II -18.6%, DR grade III was found 
in 5.5%. Retinopathy was not detected in 43% of patients. Percentage of pa-
tients in who DR was diagnosed during the screening for the first time made 
52%. In comparison with the date obtained by D.M. Berdykulova (Research 
Institute of Endocrinology 2003) epidemiological researches undertaken in 
the Tashkent region the frequency of DR in DM type 2 made 57.4% (grade I 
- 77.7%, II - 23% and III - 6.9%). The screening studies performed correspond 
to the data of the epidemiological research. The prevalence rate of DR in DM 
type 2 was reliably higher in females than in males (p<0.05). Studies of DR 
frequency in PDM type 2 of glycosylated hemoglobin (HbA1c) revealed a 
clear rise in prevalence of all DR stages from the HbA1c level. Prevalence 
of DR stages I, II and III in faces with controlled carbohydrate exchange 
(HbA1c<7%) made 11.3%, 3.4% and 2.0% respectively (p<0,001). Prevalence 
of DR stages I, II and III in subjects with uncontrolled carbohydrate exchange 
(HbA1c>8.5%) was 36.9%, 15.8% and 8.8% respectively. Mean rates of systo-
lic and diastolic pressure in sick with DR grades II-III made 151.0±5.1 mm 
Hg and 90.8±2.2 mm Hg which corresponds to AH stage I. The frequency 
of DR in PDM type 2 depended directly on the patient’s age. In PDM type 2 
with DR mean rates of total cholesterol, LDL and HDL mismatched the norm 
having made 5.5±0.2 mmol/L, 4.14±0.22 mmol/L and 0.94±0.03 mmol/L, re-
spectively. It should be noted that the mean LDL was reliably higher in com-
parison with that in patients without DR (3.65±0.07 mmol/L).
Conclusion: According to the screening performed, the frequency of DR in 
patients with DM type 2 made 56.9%, where the share of DR grade I was 
32.8%, DR II - 18.6% and DR III- 5.5%. Advance of DR in patients with 
DM type 2 depends on duration of the disease and a degree of controlling 
carbohydrate exchange as well as AH, hypercholesteremia and dislipidemy. 

Screening is quite an effective method of revealing retinal lesions in PDM and 
promotes quality improvement of treatment and prophylactic care at early 
stages of DR development.
Our acknowledgement to WDF for the great contribution to improvement of 
diabetic service in Uzbekistan

1113
Ethnic disparities in eye care for people with diabetes
B.R. Shah1, S. Anand2, D.G. Manuel1, J.E. Hux1; 
1Institute for Clinical Evaluative Sciences, Toronto, 2McMaster University, 
Hamilton, Canada.

Background and aims: Diabetes prevalence is known to vary between ethnic 
groups. However, variations in diabetes microvascular complication rates be-
tween ethnic groups have been less well established, as have utilisation rates 
for medical services to manage these complications. The aim of this study was 
to compare eye care for diabetes between people of South Asian and Chinese 
origin versus the general Canadian population (mostly of European origin).
Materials and methods: The study used administrative data sources which 
provided detailed information on the health care utilisation of all residents 
of the province of Ontario (population=12 million). Ontario is one of Cana-
da’s most ethnically diverse provinces, with 6.6% of the population reporting 
South Asian origin and 4.8% reporting Chinese origin. The entire population 
with prevalent diabetes as of 1 July 2006 in Ontario was identified from an 
administrative data-derived disease registry. South Asian and Chinese eth-
nicity was assigned based on surname, using lists of surnames specific for 
each ethnic group that have been validated against self-reported ethnicity. All 
other people were assigned to the general population group. Through link-
age with administrative data, patients who had physician claims for an eye 
examination, for laser photocoagulation therapy or for vitrectomy surgery in 
the following year were identified. Differences between groups were deter-
mined, using logistic regression to adjust for age, sex, socioeconomic status 
and diabetes duration.
Results: The crude prevalence of diabetes was 12.9% among people of South 
Asian origin, 7.2% among people of Chinese origin, and 9.1% in the general 
population. Compared to the general population, people of South Asian ori-
gin and of Chinese origin were less likely to have an eye examination (OR 
0.86, 95% CI 0.84-0.88 and OR 0.83, 95% CI 0.81-0.85, respectively). How-
ever, people of South Asian origin were more likely to require laser photoco-
agulation (OR 1.46, 95% CI 1.35-1.58) whereas those of Chinese origin were 
less likely (OR 0.60, 95% CI 0.53-0.68). The results for vitrectomy surgery 
were similar, although attenuated (OR 1.12, 95% CI 0.93-1.35 and OR 0.70, 
95% CI 0.55-0.90, respectively).
Conclusion: People of South Asian and Chinese origin in Ontario were less 
likely than the general population to receive eye examinations to screen for 
diabetic retinopathy. South Asians had worse clinical outcomes, with a great-
er need for laser photocoagulation. These findings suggest that South Asians 
with diabetes have an increased burden of retinopathy and/or are experienc-
ing clinical consequences of inadequate screening.
Supported by: the Heart and Stroke Foundation of Ontario
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1114
Analysis of intraocular level of VEGF in patients with diabetic 
retinopathy, operated from cataract
A.G. Kuzmin1, D.V. Lipatov1, T.A. Tchystyakov1, O.M. Smirnova2, M.I. 
Arbuzova3, A.V. Ilyin3, M.V. Shestakova4; 
1Diabetic Retinopathy and Ophthalmosurgery, 2Psychosocial Reabilitation 
and Training, 3Laboratory of Biochemical and Hormone Analysis, 
4Institution of Diabetes, Research Centre of Endocrinology, Moscow, 
Russian Federation.

Background and aims: Diabetic retinopathy (DR) is the main cause of blind-
ness among young people, suffering from diabetes mellitus (DM). DR is as-
sociated with increasing of proliferative molecules in eye, which stimulate 
permeability, oedema and growth of new vessels. The most established agent, 
leading to proliferative DR, is vascular endothelial growth factor (VEGF). 
The aim of our study was to determine level of VEGF in aqueous humor from 
patient with DM and cataract and to indentify an association between level 
of VEGF, glycated hemoglobin (HbA1C) and visual acuity (VA) at the post-
operative period.
Materials and methods: In the study were included 10 patients with DM 
type 1; 52 - with DM type 2 and 6 - without DM (as control group). During 
operation from cataract (we used ultrasound facoemulsification and follow-
ing implantation the acrylic intraocular lens) the aqueous humor was ob-
tained, the sample was prepared by prompt centrifugation (15,000 g*min) 
and stored at -80°C. The level of VEGF was analyzed by ELISA. All patients 
were examined before and after operation. The grade of DR was measured us-
ing recommendation of WHO (1999). Results of data analysis were expressed 
as means±SD, all tests with p<0.05 were considered significant. Relationship 
between VEGF, visual acuity and evidence of retinopathy was analyzed using 
multiple regression.
Results: 84 eyes (68 patients) were operated from cataract, prevalence of DR 
has been presented in tab.1, sings of DR were absented only in 4% of patients 
with DM. Laser coagulation of retina were performed on several patient from 
DR before operation. Level of HbA1C didn’t significantly different (p=0,1976) 
in groups of patients with DM. Corrected VA before operation in patients 
without DM were 0,33±0,32 and 0,26±0,23 in patients with DM, in groups of 
DR significant difference didn’t observe. After operation VA was improve and 
was 0,58±0,39 in patients without DM and 0,45±0,33 in patient with DM. It 
progressively was worsen in patient with proliferative DR (0,25±0,26), differ-
ence was statistically significant. Level of VEGF in aqueous humor in patients 
without DM was 61,17±33,78 pg/ml and progressively increased in patients 
with DM, in patients with proliferative DR level of VEGF was 243,39±203,82 
pg/ml (p=0,0175). 
Conclusion: Proliferative DR was associated with worsen corrected VA after 
operation from cataract. Level of VEGF in aqueous humor was considerably 
increased in patients with proliferative DR (comparably with patients with 
preproliferative and nonproliferative DR). High level of VEGF may be factor, 
causing deterioration vision in patients with DM.

Charac- 
teristic

Non DM DM type 1 and 2 p-
value

No DR Nonprolif-
erative DR

Preprolifera-
tive DR

Proliferative 
DR

Eyes, n 7 3 (4%) 26 (33,7%) 31 (40,2%) 17 (22,1%) -
HbA1C, % - 6,07±0,98 8,22±1,81 8,64±2,32 8,47±1,56 0,1976
VA before  
operation

0,33±0,32 0,5±0,115 0,28±0,24 0,27±0,23 0,17±0,22 0,1013

VA after  
operation  
(1 month)

0,58±0,39 0,93±0,06 0,47±0,32 0,51±0,33 0,25±0,26 0,0024

VEGF,  
pg/ml

61,17±33,78 68,3±25,07 99,23±92,02 181,94±167,16243,39±203,82 0,0175

Supported by: Research Grant from Ministry of Health and Social Develop-
ment

1115
Pregnancy-induced sight threatening diabetic retinopathy in women 
with type 1 diabetes
M. Vestgaard1,2, L.R. Nielsen1,2, C.S. Laugesen3, P. Damm4,2,  
E.R. Mathiesen1,2; 
1Department of Endocrinology, Faculty of Health Sciences, University of 
Copenhagen, 2Center for Pregnant Women with Diabetes, 3Department 
of Ophtalmology, Faculty of Health Sciences, University of Copenhagen, 
4Department of Obstetrics, Faculty of Health Sciences, University of 
Copenhagen, Denmark.

Background and aims: To evaluate the progression of diabetic retinopathy 
in pregnant diabetic women offered tight glycaemic and blood pressure con-
trol.
Materials and methods: Prospective study of 102 (87%) out of 117 consecu-
tive pregnant women with type 1 diabetes for median 16 years (range 1-36) 
and HbA1c 6.7 % (4.9-10.8) in early pregnancy. Fundus photography was per-
formed at 10 and 28 gestational weeks. Diabetic retinopathy was classified 
in five stages. Macular oedema was classified as present in a mild form or as 
clinically significant macular oedema (CSME). Progression was defined as at 
least one stage of deterioration of retinopathy and/or development of macular 
oedema in at least one eye. Sight threatening progression was defined as loss 
of visual acuity ≥0.2 on Snellen’s chart or laser treatment performed during 
pregnancy due to proliferative retinopathy or CSME.
Results: Diabetic retinopathy was present at inclusion in at least one eye in 
64 (63%) women and proliferative retinopathy and macular oedema was 
present in nine and 16 women, respectively. Progression of retinopathy oc-
curred in 28 (27%) women with sight threatening progression in six of whom 
three deteriorated in visual acuity and four required laser treatment. Sight 
threatening progression was associated with presence of macular oedema 
(p=0.007), impaired vision (p=0.03) and higher blood pressure in early preg-
nancy (p=0.016), but not with HbA1c, decline in HbA1c or prevalence of se-
vere hypoglycaemia.
Conclusion: Pregnancy-induced sight threatening diabetic retinopathy is 
still a clinical problem and associated with presence of macular oedema, 
visual impairment and higher blood pressure in early pregnancy.
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1116
Angiotension II type 1 receptor blocker decreases the nitric oxide 
end products and inducible nitric oxide synthase preventing the early 
oxidative markers of diabetic retinopathy
K.C. Silva, M.A.B. Rosales, N. Martins, J.B. Lopes de Faria,  
J.M. Lopes de Faria; 
Faculty of Ciencies Medicine, State University of Campinas, Brazil.

Background and aims: In addition to be a very frequent disease in patients 
with diabetes mellitus (DM), hypertension is the major risk factor associated 
with the development of diabetic retinopathy (DR). Oxidative stress mecha-
nisms, renin-angiotensin system (RAS) and nitric oxide (NO) are described 
to be involved into the pathogenesis of DR. This investigation sought to de-
termine whether concomitance of diabetes and hypertension exacerbates 
these parameters, to evaluate the potential retinal antioxidant effects of the 
angiotensin II type 1 receptor blocker (ARB) on retinal tissue by oral admin-
istration of losartan in diabetic hypertensive rats and to assess the mecha-
nisms of its beneficial effects.
Materials and methods: Four-week-old spontaneously hypertensive rats 
(SHR) were rendered diabetic by intravenous injection of streptozotocin. 
Diabetic SHR rats were randomized to receive no treatment (DM-SHR) or 
treatment with ARB losartan (200mg/Kg, DM-SHRLos); control rats re-
ceived citrate buffer. After 20 days, the rats were euthanized and the retinas 
collected. The results were compared by analysis of variance (ANOVA) fol-
lowed by Fisher’s protected least-significant difference test.
Results: As expected, the angiotensin II biodisponibility evaluated by West-
ern blot assay was higher in retina of treated rats (p=0.02). The oxidative 
status, evaluated by superoxide production and NO end products levels es-
timated by Nitric Oxide Analyser (p=0.03) and the antioxidative systems, 
estimated by reduced glutathione (p=0.04) and activity of total superoxide 
dismutase through a colorimetric kit (p=0.002) revealed an accentuated un-
balance in favor to oxidants in DM-SHR rats. As a consequence, the tyrosine 
nitration assessed by immunohistochemistry for nitrotyrosine (p=0.02) and 
DNA damage evaluated by 8-hydroxy-2’deoxyguanosine immunohistochem-
istry (p=0.0003) were higher. The retinal protein expression of inducible ni-
tric oxide synthase (iNOS) was also elevated in DM-SHR rats (p=0.01). The 
treatment with losartan prevented all the above alterations.
Conclusion: These data demonstrate that the therapy with ARB losartan 
increases the reduced glutathione and total SOD activity and reduces the 
amount of nitric oxide end products (NOx

-) and iNOS expression prevent-
ing the retinal nitrosative damage in a model of diabetes and hypertension. 
This study provides new information on understanding of the molecular ba-
sis underlying the beneficial effect observed by AT1 blockage in the retina of 
patients with diabetes.
Supported by: State of São Paulo Research Foundation (FAPESP)

1117
Beta2-glycoprotein I inhibits insulin and insulin-like growth factor 
induced angiogenesis through its amino terminal domain
P. Yu1, D. Yu1, S. Krilis2, J. Qi2; 
1Department of Nephropathy & Dialysis, University of Tianjin Medicine, 
Metabolic Disease Hospital, China, 2Department of Medicine, University of 
New South Wales, St George Hospital, Sydney, Australia.

Background and aims: Insulin treatment is epidemiologically known as an 
independent risk factor in the progression of diabetic retinopathy. Insulin elic-
its angiogenesis through the induction of autocrine VEGF, thereby leading to 
the exacerbation of diabetic retinopathy. Beta-2 glycoprotein I (beta(2)GPI) 
is a plasma glycoprotein which interacts with various proteins of the coagu-
lation and fibrinolysis system. beta(2)GPI has recently been shown to have 
anti-angiogenic properties. We undertook this study to investigate the spe-
cific domain of beta(2)GPI involved in the anti-angiogenic function and its 
effect on downstream signaling of vascular endothelial growth factor (VEGF) 
and basic fibroblast growth factor (bFGF).
Materials and methods: Various preparations of beta(2)GPI were used on 
human retinal endothelial cells (HRECs) in the absence or presence of insulin 
and insulin-like growth factor (IGF). The effect on HRECs’ proliferation, mi-
gration and tubule formation in Matrigel matrix was investigated. The effect 
of beta(2)GPI on the mRNA expression of VEGF receptors and phosphoryla-
tion of signaling molecules was also studied.

Results: beta(2)GPI is shown in this study to be an anti-angiogenic molecule 
in vitro by inhibiting insulin and IGF-induced proliferation, migration and 
papillary-like tubule formation of HRECs. This inhibition was achieved by 
native, proteolytically clipped and domain deletion mutants, domain I-IV 
(DI-IV) but not domain II-V (DII-V) of beta(2)GPI. Native beta(2)GPI was 
found to downregulate the expression of the VEGF receptor KDR/Flk-1 on 
endothelial cells and to block the phosphorylation of VEGF’s downstream ef-
fector molecules in the MAPK/ERK and PI3K/Akt/GSK3beta pathways.
Conclusion: These results indicate that beta(2)GPI has anti-angiogenic func-
tions which depend on the presence of domain I. This anti-angiogenic ac-
tivity may have important implications for the therapeutic manipulation of 
angiogenesis in diabetic retinopathy especially during insulin treatment.
Supported by: NHMRC Beta2-glycoprotein I study

1118
Exogenous superoxide dismutase mimetic tempol prevents the early 
markers of diabetic retinopathy through inhibition of poly (ADP-ribose) 
polymerase
M.A.B. Rosales, K.C. Silva, J.B. Lopes de Faria, J.M. Lopes de Faria; 
Department of Internal Medicine, Faculty of Medical Sciences, State 
University of Campinas (UNICAMP), Brazil.

Background and aims: Hypertension is an important factor associated with 
development of diabetic retinopathy (DR). Oxidative pathways are proposed 
to explain how the hyperglycemia initiates the biochemical processes in the 
pathogenesis of DR. The aim of this study was to investigate the efficacy of 
tempol (4-hydroxy-2,2,6,6-tetramethylpiperidinyloxy) a superoxide dis-
mutase (SOD) mimetic in preventing the early retinal changes in a model 
that combines hypertension and diabetes.
Materials and methods: Four-week-old spontaneously hypertensive rats 
(SHR) were rendered diabetic by streptozotocin (60mg/kg). Diabetic SHR 
rats (DM-SHR) were randomized to receive or not intraperitoneal injection 
of tempol (250mg/kg/day); control rats received vehicle only. After 20 days 
of diabetes, rats were euthanized and the retinas were collected for protein 
extraction and colorimetric assays or the eyes were prepared for imunohis-
tochemistry. The results were compared by analysis of variance (ANOVA) 
followed by Fisher’s protected least-significant difference test.
Results: The early markers of DR, glial fibrillary acidic protein (GFAP) and 
fibronectin (FN) evaluated by western blot assays were increased in DM-
SHR compared with SHR group (p=0,0001 and p=0,02, respectively). The 
oxidative balance, evaluated by superoxide production (p=0,05) and nitric 
oxide end products levels estimated by Nitric Oxide Analyser (p=0,002), and 
the counterpart antioxidative defense revealed an accentuated unbalance in 
DM-SHR compared to CT-SHR group (p=0,01 and p=0,02 for activity and 
expression of SOD, respectively evaluated by colorimetric kit and western 
blot). As a result, the product peroxynitrite detected, by retinal immunohis-
tochemistry for nitrotyrosine, was higher in DM-SHR rats (p=0,04). The reti-
nal poly(ADP-ribosyl)ation (PARP) and the iNOS protein expression were 
found to be increased in this group (p<0,05). The treatment with tempol re-
established the oxidative parameters and reduced the PARP activation thus 
preventing the early markers of DR.
Conclusion: Our data demonstrated that the administration of tempol in-
hibited the ribosylation of PARP, decreased the iNOS levels and prevented 
the oxidative damage in the retina of diabetic hypertensive rats. As a conse-
quence the extracellular matrix accumulation and glial reaction, accepted as 
early markers of DR were prevented in tempol treated DM-SHR rats. These 
findings provide rational for development of PARP inhibitor/SOD mimetic 
compound for prevention of diabetic retinal disease.
Supported by: FAPESP, CAPES

1119
High glucose-induced downregulation of mitochondrial connexin-43 
expression triggers mitochondrial shape change and cytochrome-C 
release in retinal endothelial cells
K. Trudeau, A. Molina, W. Guo, S. Roy; 
Department of Medicine, Boston University, United States.

Background and aims: Retinal vascular cell loss is a prominent lesion of 
diabetic retinopathy. While mitochondrial dysfunction has been shown to 
contribute to the development of pericyte loss and acellular capillaries, it re-
mains unclear how high glucose promotes mitochondrial damage. Since de-
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pletion of mitochondrial connexin 43 (Cx43) facilitates reactive oxygen spe-
cies (ROS) formation, in this study, we investigated the effect of high glucose 
(HG) on mitochondrial connexin43 (mt-Cx43) expression and cytochrome C 
(CytC) release in retinal endothelial cells. Additionally, we examined whether 
HG-induced mitochondrial shape change was influenced by altered mt-Cx43 
channel activity by inhibiting mt-Cx43-channels.
Materials and methods: Rat retinal endothelial cells (RRECs) were grown in 
normal (5mM) or HG (30mM) medium for 8 days, and mt-Cx43 protein lev-
el and CytC release in the cytosolic fraction was simultaneously assessed by 
Western Blot (WB) analysis. In parallel, mt-Cx43 immunostaining was per-
formed using MitoTracker Red (100nm) and FITC-labeled Cx43, and over-
lapping Cx43 and mitochondria signals were counted to assess the number of 
mt-Cx43 plaques. To determine the effect of inhibition of mt-Cx43 channels 
on mitochondrial shape change, RRECs were plated sparsely without cell to 
cell contacts and grown for two days in three groups: untreated cells (con-
trol), cells treated with β-glycerrhetinic acid (β-GA), an inhibitor of Cx-chan-
nels (50uM), and cells treated with glycyrrhizic acid GZ (50uM), a chemical 
analog of β-GA that does not inhibit Cx-channels. Cells were then stained 
with tetramethylrhodamine-ethyl-ester-perchlorate (TMRE, 8nM) and as-
sessed for mitochondrial morphology using live confocal imaging. Analysis 
for mitochondrial shape change was calculated using Form Factor (FF) and 
Aspect Ratio (AR) values of the mitochondria.
Results: Western blot analysis indicated that mt-Cx43 protein level was sig-
nificantly reduced in RRECs grown in HG media compared to those grown 
in N media (59 ±19% of control, p=0.027), with concomitant increase in cy-
tosolic CytC (421 ±155% of control, p=0.005 ). CoCl2 used as a positive con-
trol showed similar increase in CytC release (404 ±143% of control, p=0.007). 
Immunofluorescence data also confirmed HG-induced downregulation of 
mtCx43 plaques (63 ±27% of control, p=0.030). Treatment of RRECs lack-
ing cell contacts with β-GA significantly changed mitochondrial shape to 
rounded forms (FF for β-GA treated RRECs: 1.71 vs. 2.60 in normal, p=0.009; 
AR: 1.88 vs. 2.25 in normal, p=0.010), which coincided with decreased Cx43 
protein on the mitochondria (46 ±16% of control, p=0.007). Treatment with 
the β-GA, an inactive analog of GZ, did not significantly inhibit Cx43 pro-
tein (74% of control, p=0.081) and did not show significant shape change or 
fragmentation of mitochondria (FF for GZ treated RRECs: 2.14 vs. 2.60 in 
normal, p=0.068, AR: 1.98 vs. 2.25 in normal, p=0.079).
Conclusion: Results indicate that HG downregulates mt-Cx43 protein and 
triggers concomitant release of CytC. Inhibition of mt-Cx43 channel activ-
ity resulted in mitochondrial shape change, suggesting that mt-Cx43 may be 
important to mitochondrial shape regulation and overall homeostasis, which, 
when compromised under HG condition may result in the release of CytC 
and apoptosis. This suggests a potential mechanism for hyperglycemia-in-
duced apoptosis in diabetic retinopathy.
Supported in part by: funding form Massachusetts Lions Eye Research

1120
Retinal pigment epithelial cells express a functional receptor for 
glucagon-like peptide-1
A. Puddu, A. Durante, G.L. Viviani; 
Department of Internal Medicine, University of Genova, Italy.

Background and aims: Glucagon-like peptide-1 (GLP-1) is a gut-derived 
incretin hormone of great interest for the management of diabetes for its glu-
cose lowering action. Treatment with GLP-1or with dipeptidyl peptidase-4 
inhibitors, the enzyme that degrades GLP-1, reduces HbA1c and the levels 
of free fatty acids, and improves insulin sensitivity. The biological effects of 
GLP-1 are mediated by its specific receptor GLP1R, that is expressed in a 
wide range of tissues, where it is responsible of the extra-pancreatic effects 
of GLP-1. Recently it has been reported that treatment with a long-acting 
agonist of GLP1R provides protection for early experimental diabetic retin-
opathy, suggesting an important role of GLP-1 in preventing diabetic com-
plication. Since the retinal pigment epithelium (RPE), that forms the outer 
retinal barrier, has a key role in maintaining retinal homeostasis we verify the 
expression of GLP1R in the RPE cell line ARPE-19 and investigate the signal 
transduction pathway activated by GLP-1.
Materials and methods: ARPE-19 cells were cultured in DMEM/F12 sup-
plemented with 10%FBS. A batch of cells was lysed and total protein extract 
were used for Western blot analysis of GLP1R. Lysates from the pancreatic in-
sulin secreting cell line HIT-T15 were used as positive control in immunoblot 
analysis with specific antibody against GLP1R. Another batch of cells was 
cultured in serum free medium for 24 hours and stimulated for 10, 20 and 40 
minutes with 10 nmol/l GLP-1. Cells were then lysed and total protein extract 

were used for Western blot analysis of phospho- and total extracellular sig-
nal-regulated kinases 1 and 2 (ERK1/2); phospho- and total protein kinase B 
(PKB). In addition a batch of cells were stimulated with 10 nmol/l GLP-1 for 
20 minutes with or without pharmacological inhibitors either of the mitogen-
activated protein kinase MEK1/2 (U0126) or of Phosphatydilinositol-3kinase 
(PI3K) (LY294002) (10 μmol/l of U0126 or 50 μmol/l LY294002 added re-
spectively 2 hours and 30 minutes before incubation with GLP-1). Cells were 
then lysed and analysed as described above.
Results: Immunoblot analysis with specific antibody against GLP1R reveals 
a band between 60 and 70 kDaltons in protein extracts from ARPE-19 cells 
analogous to that detected in HIT-T15 protein lysate. Exposure of ARPE-
19 cells to GLP-1 increases the protein levels of phosphorylated ERK1/2 and 
PKB compared to the control cells. The increment in PKB phosphorylation 
reaches maximum levels after 20 minutes of exposure and remains elevated 
after 40 minutes; whereas phosphorylation of ERK1/2 shows a progressive 
increase also at 40 minutes. Interestingly, inhibition of PI3K, one of the up-
stream activators of PKB, completely abrogates GLP-1-induced phosphoryla-
tion of PKB and of ERK1/2. Inhibition of MEK1/2, the upstream activator of 
ERK1/2, suppresses GLP-1-induced ERK1/2 phosphorylation, but it has not 
effect on GLP-1-induced PKB phosphorylation.
Conclusion: We show, for the first time, that a functional GLP1R is expressed 
in RPE cells. The signal transduction pathway of GLP-1 in ARPE-19 cells 
involves both PKB and ERK1/2, and our results suggest that it is prevalently 
mediated by PI3K. GLP-1, affecting RPE cells, may have a direct role in pre-
venting RPE cell dysfunction and, consequently, diabetic retinopathy.

1121
Fenofibrate restores the barrier function of human retinal pigment 
epithelial cells cultured under conditions mimicking the diabetic milieu
M. Villarroel, M. Garcia-Ramírez, L. Corraliza, C. Hernández, R. Simó; 
CIBERDEM (Centro de Investigación Biomédica en Red de Diabetes y 
Endermedades Metabólicas) Instituto de Salud Carlos III and Diabetes 
Research Unit, Institut de Recerca Hospital Universitari Vall d’Hebron, 
Universitat Autònoma de Barcelona, Spain.

Background and aims: Diabetic retinopathy remains the leading cause of 
blindness and vision loss in adults under 40 years in the developed world. 
In the FIELD study on diabetic retinopathy, treatment with fenofibrate re-
duced the need for laser treatment for diabetic macular edema (DME) and 
proliferative diabetic retinopathy (PDR) by 30%. Because of this notable ef-
fect of fenofibrate in preventing DME progression, the aim of this study was 
to explore the effect of fenofibrate on the barrier function and the expression 
of tight junction proteins (occludin, ZO-1 and claudin-1) in a human retinal 
pigment epithelial (RPE) cell line under culture conditions mimicking the 
diabetic milieu.
Materials and methods: ARPE-19, a spontaneously immortalized human 
RPE cell line, was cultured for 18 days at 37ºC under 5% CO2 in medium 
(DMEM/F12) supplemented with 10% fetal bovine serum in hyperglycemic 
conditions (25 mM D-glucose). To study the potential protective effect of 
fenofibrate on the barrier function of RPE cells, two concentrations of fenofi-
bric acid (25 μM and 100 μM) were added to the standard culture medium in 
the last 3 days of the experiment (days 19, 20, 21) (1 application/day). Cells 
were also treated with IL1β (10 ng/ml) for 48 hours until the end of the ex-
periment in order to mimick the diabetic milieu (days 20, 21). The cells were 
subjected to serum starvation (1% FBS) during the treatments. Barrier func-
tion of RPE (permeability) was evaluated by measuring apical-basolateral 
movements of FICT-dextran (40 kDa). Occludin, zonula occludens-1 (ZO-1) 
and claudin-1 expression were determined by western blot analysis.
Results: Treatment of ARPE-19 cells with fenofibric acid reduced the incre-
ment of permeability induced by IL1β. This protective effect on monolayer 
permeability was more evident in cultures treated with fenofibric acid 100 
μM than in cultures treated with fenofibric acid 25 μM, thus modulating 
permeability in a dose-dependent manner. No significant differences were 
observed in occludin, ZO-1 and claudin-1 protein content between cultures 
treated with fenofibric acid and untreated cultures.
Conclusion: These results indicate that fenofibric acid has a protective dose-
dependent effect on RPE disruption that is unrelated to changes in occcludin, 
zonula occludens-1 (ZO-1) and claudin-1 expression. This protective effect 
on the leakage of the outer blood-retinal barrier could be involved in the 
beneficial effects of fenofibrate on DME. However, further investigation ad-
dressed to determining the mechanisms by which fenofibrate exerts its effects 
in reducing permeability is needed.
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Beneficial effects of erythropoietin on retinal pigment epithelial cells 
cultured under conditions mimicking the diabetic milieu
M. Garcia-Ramírez, M. Villarroel, L. Corraliza, C. Hernández, R. Simó; 
CIBERDEM (Centro de Investigación Biomédica en Red de Diabetes y 
Enfermedades Metabólicas) Instituto de Salud Calos III and Diabetes 
Research Unit, Institut de Recerca Hospital Universitari Vall d´Hebron, 
Universitat Autònoma de Barcelona, Spain.

Background and aims: Visual loss in diabetic macular edema (DME) results 
from fluid accumulation due to the breakdown of the (inner and outer) blood 
retinal barriers (BRBs). We have previously reported that erythropoietin 
(Epo) is synthesized by the human retina and that its levels are increased 
in patients with diabetic macular edema (DME). In addition, there is grow-
ing evidence that Epo acts as a prosurvival and neuroprotective factor in the 
early stages of DR. Furthermore, it has been reported that Epo administration 
improves DME in diabetic patients with anemia and renal failure. However, 
there is no information regarding the mechanisms involved in this beneficial 
effect of Epo. 
The aim of this study was to explore the effects of Epo on the outer BRB 
function by means of measuring permeability and transepithelial resistance 
(TER) in cultures of human RPE. In addition, the effects of Epo on the ex-
pression and distribution of three TJs proteins (occludin, ZO-1 and claudin-
1) were also investigated.
Materials and methods: ARPE-19 cells (a spontaneous immortalized RPE 
cell line) were cultured in monolayer during 21 days in standard Ham´s-
F12 DMEM medium supplemented with fetal calf serum (FCS 10%). Epo 
treatments were performed by adding Epo (50-1000 mU/mL) at the apical 
side of the monolayer in standard conditions (control) or after mimicking 
the diabetic milieu (by addition of IL-1β or VEGF at 10 ng/mL). To further 
clarify the Epo-induced effects, the experiments were repeated in the pres-
ence and absence of a neutralizing antibody or specific inhibitors (AG490, a 
JAK2 kinase Epo receptor associated inhibitor, LY294002, a PI3K inhibitor 
and GF109203X a PKC inhibitor). The outer BRB function was evaluated by 
measuring TER and the apical-basolateral movements of fluorescein isothio-
cyanate dextran (70 KDa). ZO-1, occludin and claudin-1 mRNA levels were 
assessed by Real-Time PCR and protein content by Western blot. Inmmuno-
histochemistry for ZO-1, occludin and claudin-1 was performed and fluores-
cent images were acquired by confocal microscopy
Results: Epo treatment (200 mU/mL) significantly increased TER vs. control 
(p=0.0038, after 6 h) and reduced permeability to 70 KDa dextran (p=0.0062). 
These effects were blocked by the neutralizing antibody (3-1.5 μg/mL) as well 
as by AG490. LY294002 and GF109203X also decreased the effect of Epo but 
did not reach statistical significance. Confocal microscopy images confirmed 
a positive staining of TJs at the intercellular outlining, necessary for barrier 
function. mRNA levels of occludin, claudin-1 and ZO-1 were significantly 
increased after 24 h of Epo treatment (p<0.002; p<0.05; 0.05; p<0.0019 vs. 
control). However, we did not find a significant increase in protein levels.
Conclusion: Epo administration reduces the hyperpermeability induced by 
the diabetic milieu in human RPE cells in vitro. This beneficial effect seems to 
be mainly mediated by the downstream signalling of JAK2 kinase Epo recep-
tor protein. Overall our findings suggest that Epo could be proposed as new 
treatment for DME by targeting the outer BRB.

1124
AAV-mediated PEDF gene transfer counteracts diabetic retinopathy in 
IGF-I transgenic mice
P. Villacampa1,2, V. Haurigot1,2, A. Ribera1,2, D. Ramos3, A. Bosch1,  
J. Ruberte3,2, F. Bosch1,2; 
1Center of Animal Biotechnology and Gene Therapy, Dept. of Biochemistry 
and Molecular Biology, Universitat Autonoma de Barcelona, Bellaterra, 
2CIBER of Diabetes and Associated Metabolic Disorders, Barcelona, 3Center 
of Animal Biotechnology and Gene Therapy, Dept. of Animal Health and 
Anatomy, Universitat Autonoma de Barcelona, Bellaterra, Spain.

Background and aims: Diabetic retinopathy is the leading cause of loss of 
visual acuity and blindness in adulthood. Current therapeutic approaches 
for diabetic retinopathy, such as laser photocoagulation and vitrectomy, are 
invasive and merely palliative and repetitive local delivery of drugs is not 
desirable in a chronic disease. Transgenic mice overexpressing Insulin-like 
Growth Factor (IGF-I) in the retina have retinal alterations characteristic of 
non-proliferative retinopathy and, with age, mice develop alterations that 
mimic the proliferative stage of diabetic retinopathy such as neovasculari-
zation in the vitreous cavity and retinal neovascularization. The aim of this 
study was to assay new therapeutic approaches for diabetic retinopathy in 
IGF-I transgenic mice.
Materials and methods: AAV2 vectors expressing Green Fluorescent Pro-
tein (GFP) or Pigmented Epithelium Derived Factor (PEDF) were injected 
in the vitreous cavity of transgenic mice. Inmunohistochemical studies were 
performed to check the transgene expression. After, dextran-conjugated fluo-
rescein injection through the mice tail vein, retinas were dissected and fixed 
and the vasculature was analyzed using morphometric techniques. The ex-
pression of key angiogenic factors was checked by RT-PCR or Western blot in 
non-treated and PEDF-treated mice.
Results: With the aim of overcoming the angiogenic process present in the 
transgenic mice retina, the antiangiogenic factor PEDF was overexpressed in 
the mice retinas using an AAV2 viral vector. PEDF is one of the most potent 
anti angiogenic factors and also has neuroprotective properties, making it 
an excellent candidate for gene transfer in diabetic retinopathy. Our studies 
show that AAV2 vectors have a high efficiency in the transduction of cells 
of the ganglionar layer and also cells in the inner nuclear layer. PEDF was 
detected in retinas of mice six months after intravitreal injection of AAV2 
PEDF. These animals had a significant reduction of neovascularization in 
the retina, as measured by fluorescein angiography morphometry and also 
showed a decrease in retinal inflammatory molecule levels, such as Intercel-
lular Adhesion Molecule 1 (ICAM-1).
Conclusion: PEDF overexpression was able to counteract neovasculariza-
tion and reduce inflammation in TgIGF-I retinas, indicating that AAV-PEDF 
treatment could be a feasible therapy for diabetic retinopathy.
Supported by: ISCIII (FIS-PI061417), RD 06/0015/0033, España y UE (Clini-
gene, LSHB-CT-2006-018933)
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Prevalence of diabetic retinopathy through the years 1994 to 2007
S. Karadeniz1, T. Yilmaz2; 
1Ophthalmology Dept., Istanbul Bilim University, 2Endocrinology and 
Metabolism Dept., Istanbul University, Turkey.

Background and aims: To assess the prevalence of diabetic retinopathy in 
patients with type 2 DM and duration of diabetes 5-10 years from 1994 to 
2007.
Materials and methods: This study includes 303 patients (F/M 160/143) 
with type 2 DM with duration of DM 5-10 years. The fundus findings at their 
first visit to the Diabetes Outpatient Clinic were considered. Patients were 
grouped regarding the year of their application to the Clinic as follows: be-
tween the years 1994 and 1999 (Group 1, n: 128) and between the years 2000 
and 2006 (Group 2, n:175).
Results: The mean duration of DM was 7.3±1.7 years in Group 1 and 7.7±1.8 
years in Group 2 (p>0,05). The mean chronological age was 55.6±9.7 years in 
Group 1 and 57.5±10.0 years in Group 2 (p>0,05). In Group 1 73.4% and in 
Group 2 77.9% of patients had diabetic retinopathy. Nonproliferative diabetic 
retinopathy (NPDR) was present in 24.1% and proliferative diabetic retin-
opathy (PDR) in 2.5% of patients in Group 1; 21.2% and 0.9%, respectively in 
Group 2. Although the number of patients with no diabetic retinopathy were 
less this did not reach statistically significant levels. Regarding the prevalence 
of NPDR and PDR, there was no statistically significant difference in the se-
verity of diabetic retinopathy between the Group 1 and Group 2.
Conclusion: Despite efforts for increasing awareness for diabetes and its 
complications, availability of wider range of technologies and drugs for better 
diabetes management in Turkey the prevalence of diabetic retinopathy seems 
not to be dramatically declined from 1994 to 2007.

1126
Glycated haemoglobin as a surrogate marker for the appearance and 
progression of retinopathy in type 1 diabetes mellitus: systematic review 
and meta-analysis
P. Rys1, A. Wieczorek1, A. Marcisz1, I. Skrzekowska-Baran2, M.T. Malecki3; 
1HTA Consulting, Krakow, 2NovoNordisk Poland, Warsaw, 3Department of 
Metabolic Diseases, Jagiellonian University, Krakow, Poland.

Background and aims: Glycated haemoglobin (HbA1c) is commonly em-
ployed in clinical trials as a surrogate marker of diabetes control and the risk 
for diabetic complications in type 1 diabetes mellitus (T1DM). The efficacy 
of many glucose-controlling agents has been characterised with respect to 
HbA1c, without their effects on clinically important endpoints being demon-
strated. To date, several trials have examined the relationship between HbA1c 
level and microvascular complications in T1DM, but no systematic review 
has been published. We performed a systematic review and meta-analysis to 
examine the association between HbA1c and the appearance and progression 
of diabetic retinopathy (DR) in T1DM.
Materials and methods: We conducted a systematic literature search using 
two electronic medical databases (MEDLINE and The Cochrane Library). 
Observational studies and randomised, controlled trials (RCTs) of retinopa-
thy in T1DM patients that reported HbA1c level were included in the analy-
sis. Our chosen search strategy was highly sensitive, including over 100 terms 
grouped into three categories: population, e.g. “diabetes mellitus”, “insulin-
dependent diabetes mellitus”, ”IDDM”; surrogate, e.g. “glycosylated haemo-
globin”, “HbA1c”; and clinically important outcomes, e.g. “retinopathy”. Es-
timates were made of the adjusted relative risk (RR) of complications for an 
increase in HbA1c of 1%. If there were insufficient data to calculate RR, the 
odds ratio (OR) was estimated instead. Weighted mean differences (WMD) 
in HbA1c level (mean value during the observation period) between the case 
group (with DR) and the control group (without DR) were also calculated.
Results: We identified 16 trials that fulfilled the inclusion criteria, involv-
ing a total of 4176 patients. Based on four RCTs (n=1597), pooled RR for 
progression of DR was calculated as 1.24 (confidence interval [CI]: 1.01-1.52; 
p=0.039) for an increase in HbA1c of 1%. Pooled data from four observa-
tional studies (n=910) showed that RR of the incidence of DR was 1.59 (CI: 
1.34-1.89; p<0.0001) for an HbA1c increase of 1%. A meta-analysis of eight 
observational studies (n=1171) demonstrated a lower mean HbA1c level in 
patients without DR compared with patients with DR (WMD=0.82 [CI: 0.69-

0.96]; p<0.0001). In addition, a meta-analysis of five observational studies 
revealed that mean HbA1c values were significantly lower in the group with-
out progression of DR relative to the group with DR (WMD=1.05 [CI: 0.37-
1.72]; p<0.001). One RCT included data on visual deterioration and macular 
oedema; analysis demonstrated that an increase in HbA1c level of 1% in-
creased the risk of both macular oedema (RR=1.81 [CI: 1.17-2.81]; p=0.008) 
and visual deterioration (OR=2.2 [CI: 1.2-3.9]; p=0.008).
Conclusion: The results of our systematic review indicate a strong correlation 
between HbA1c level and appearance and progression of DR in T1DM. Thus, 
HbA1c may be considered an excellent surrogate endpoint for DR in T1DM.
Supported by: NovoNordisk Poland

1127
Increased clonogenic capacity of endothelial progenitor cells (EPCs) in 
type 1 diabetic patients with early non proliferative diabetic retinopathy
G. Zerbini1, G. Tremolada1, A. Maestroni1, R. Lattanzio1, D. Gabellini1,  
M.R. Pastore1, R. Bonfanti1, A. Palini1, L. Luzi1, P. Rama1, M. Lorenzi2; 
1Medicine, San Raffaele Scientific Institute, Milano, Italy, 2Ophthalmology, 
Schepens Eye Research Institute, Boston, United States.

Background and aims: It has been proposed that the formation of abnormal 
new vessels in proliferative diabetic retinopathy (PDR) occurs through both 
the self-expansion of vascular endothelium and the contribution of bone 
marrow-derived endothelial progenitor cells (EPC). Indeed, we observed in 
previous work that circulating EPC from patients with type 1 diabetes and 
untreated PDR had a greater clonogenic capacity than EPC from patients with 
no signs of retinopathy. We wished to ascertain whether the EPC number and 
or characteristics manifest changes before the onset of PDR, and even at early 
stages of retinopathy.
Materials and methods: We studied type 1 diabetic patients with 25 years of 
diabetes and no retinopathy (n=21), and age-and gender-matched nondia-
betic controls (n=18). The patients were free of any other complication of 
diabetes and took no medications except insulin. We measured the number 
of circulating EPCs (CD45dim, CD34+,VEGFR-2+) by flow cytometry; their 
in vitro clonogenic capacity by the Hill’s assay; and plasma concentrations of 
VEGF and SDF-1, the two cytokines known to mobilize EPC, by ELISA. All 
measurements were performed when plasma glucose levels were between 70 
and 200 mg/dl.
Results: The clonogenic capacity of EPCs was increased in patients with 
non-proliferative retinopathy when compared to those without retinopathy 
(p<0.002) and to nondiabetic controls (p<0.01). In contrast, the number of 
circulating EPCs and the plasma levels of cytokines were similar in the three 
groups. The difference in clonogenic capacity between the diabetic groups 
was not explained by different glycemic control (blood glucose and HbA1c), 
and no differences in clonogenic capacity were noted between patients with 
minimal (ETDRS 20) as compared to mild (ETDRS 35) degree of retinopa-
thy.
Conclusion: Increased clonogenic capacity of EPCs occurs in a portion of 
patients with type 1 diabetes and no other complications but early non-pro-
liferative diabetic retinopathy. This finding indicates that some type of EPCs 
“activation” precedes the onset of PDR, and suggests that even early stages 
of retinopathy signal to EPC. Longitudinal studies may help us determine 
whether the early EPC activation has a protective or accelerating role on the 
course of retinopathy.
Supported by: JDRF

1128
Retinopathy screening in patients with type 1 diabetes diagnosed at a 
young age
N. Minuto1, V. Emmanuele1, M. Vannati1, N. Fratangeli1, S. Panarello2,  
A. Pistorio3, R. Lorini1, G. d’Annunzio1; 
1Department of Pediatrics, 2Department of Ophtalmology, 3Department of 
Biostatistics, G. Gaslini Institute, Genoa, Italy.

Background and aims: Up to 60% of patients with type 1 diabetes mellitus 
(T1DM) for more than 15 years develop diabetic retinopathy (DR). Guide-
lines for DR screening have been formulated, to detect DR at an early stage.
Methods: We estimated the prevalence of DR in our patients with T1DM 
using a Nonmydriatic Digital Stereoscopic Retinal Imaging (NMDSRI), and 
evaluated the role of socio-demographic and clinical variables associated 
with the presence of DR, using a multivariate logistic regression analysis. We 
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enrolled 247 patients with T1DM who underwent to fundus photography 
during the biennium 2006-2007. At diabetes diagnosis we considered gen-
der, age, pubertal stage, presence of diabetic ketoacidosis, autoimmunity and 
HLA-DQ heterodimers of susceptibility for T1DM. At NMDSRI evaluation, 
we collected data for age, disease duration, pubertal stage, body mass index 
(BMI-SDS), insulin requirement, degree of metabolic control (mean Hb1Ac), 
coexisting autoimmune diseases, and other diabetic complications.
Results: Retinopathy was found in 26/247 (10.5%) patients: 25 presented 
background retinopathy, while only one a macular oedema and needed a laser 
therapy. At the bivariate analysis, we found a significant relationship between 
retinopathy and female gender (p=0.03), age at study visit (p<0.0001), puber-
tal stage at last retinal photography (p=<0.0001), age at onset ≥ 5 - 9.9 years 
or ≥ 10 years (p=0.037), duration of disease ≥15 years (p<0.0001), presence 
of microalbuminuria (p=0.036), and mean HbA1c ≥ 7.5% or >9% (p=0.015). 
Using a multivariate analysis, we confirmed a significant association between 
DR and disease duration ≥ 15 years, mean HbA1c>9%, female gender and the 
presence of microalbuminuria.
Conclusion: Metabolic control is the most important modifiable factor and 
therefore the promotion of continuous educational process in order to reach 
a good metabolic control is a corner stone to prevent microangiopathic 
complications. DR is the first cause of blindness in industrialized countries. 
Symptoms appear when DR is already developed; a screening program with 
an early diagnosis is mandatory to prevent an irreversible damage.

1129
Prevalence of diabetic retinopathy and related risk factors in diabetic 
patients. Results of Tirana district/Albania
F. Toti1, V. Mema2, G. Bejtja3, N. Qafa2, M. Ismaili1; 
1Service of Endocrinology & Metabolic Diseases, University Hospital Center 
“Mother Theresa”, 2Service of Ophthalmology, University Hospital Center 
“Mother Theresa”, 3Institute of Public Health, Tirana, Albania.

Background and aims: Diabetic Retinopathy (DR) is a serious and frequent 
complication of diabetes. Often it is present since the diagnosis of type 2 dia-
betes. It remains largely preventable with proper screening, followed when 
required by proper interventions’ therapy. The aims of our study were: 1) To 
define the prevalence of diabetic retinopathy in Tirana district. 2) To ana-
lyze the clinical features associated with this complication in the examined 
group.
Materials and methods: As part of ALBDIAB Project, we examined all the 
medical records of diabetics updated during the last year. In total, we in-
cluded 7226 diabetics. Male 3530 (48.8 %). 740 (10.2%) type 1 Diabetes and 
6480 (89.3%) type 2. Type 1 Diabetes duration 9.7±7.8 years and T2 Diabetes 
duration 4.6±4.9 years. In all patients clinical and metabolical profiles were 
determined. Trained ophthalmologists defined the stages of retinopathy by 
ophthalmoscope after papillary dilatation.
Results: Diabetic retinopathy of different stages was present in 43% of T1DM 
and 22% of T2DM. The multivariate analyses revealed that significant predic-
tors for diabetic retinopathy were: diabetes duration (p= 0.0001 OR= 4.36), 
poor metabolic control as HbA1c >8% (p= 0.0015 OR= 3.02), insulin treat-
ment (OR=4.24, HTA >150/95mm Hg (p= 0.002 OR= 2.45) and smoking 
status more than 10 years (p= 0.0023 OR= 1.34) although for smoking 6-10 
years OR= 0.57. We found a good correlation between retinopathy and neph-
ropathy. The other features such as BMI, coronary artery disease and diabetes 
or HTA treatment were univariate predictors of diabetic retinopathy, but they 
lost significance in multivariate analyses.
Conclusion: Our study showed that DR remains one of the most frequent 
complication of Diabetes. We were able to confirm that type 2 diabetes with 
poor metabolic control, longer diabetes duration, nephropathy, uncontrolled 
HTA, and on insulin treatment are more prone to develop DR. The smoking 
status remains of a controversial feature.

1130
Incidence of diabetic retinopathy in type 2 diabetic subjects in a tertiary 
care hospital in Bangladesh
K.R. Ahmed1, S.H. Habib2, L. Ali3, A. Hussain1; 
1Department of International Health, University of Oslo, Norway, 2Health 
Economics Unit, BADAS, Dhaka, Bangladesh, 3Department of Biochemistry 
& Cell Biology, BIRDEM, Dhaka, Bangladesh.

Background and aims: Diabetic Retinopathy (DR) is one of the major mi-
cro vascular complications of diabetes that imposes a huge economic burden 

on diabetic subjects in developing countries like Bangladesh. It is a vascular 
disorder affecting the microvasculature of the retina and the major cause for 
new cases of blindness in people with in the aged of 25-74. Therefore, it is 
interest to estimate the number of new cases of diabetic retinopathy in devel-
oping countries. The aim of the present study was to investigate the 5 year, 10 
year and 15 year incidence rate of DR in Type 2 Diabetic Subjects (T2DM) 
in Bangladesh.
Materials and methods: It was a cohort study. 977 T2DM were taken ran-
domly from the patient registry of 1993 and came for the follow up in 2008 
and in between in the Out Patient Department, BIRDEM. DR was graded 
using the Early Treatment Diabetic Retinopathy Study. Ophthalmologist per-
formed comprehensive eye examinations, which were reconfirmed by senior 
ophthalmologist.
Results: Of the 977 subjects observed, 468 were male and 509 were female 
(mean±SD, age 56±8 years). According to the age distribution of the study 
subjects the age groups were <45, 45-60 and >60 years. The number of the 
study subjects according to the age groups were (115/12%), (617/63%) and 
(245/25%) respectively. Five, ten and fifteen years after diagnosis, retinopathy 
was found in 115 (11.8%), 151 (17.5%) and 229 patients (32.2%). Among the 
study subjects 115 patients (11.8%) had mild nonproliferative DR (NPDR) 
in first five years from the initial stage (1993). Ten years after diagnosis the 
retinopathy was mild in 136 (13.9%), moderate in 14 (1.4), 1 (0.1%) patients 
had severe NPDR. Fifteen years after diagnosis the retinopathy was mild 
in 111 (11.4%), moderate in 77 (7.9), severe in 33 (3.4%), whereas 5 (0.5%) 
patients had very severe NPDR and 3 (0.3%) had proliferative DR (PDR). 
Five, ten and fifteen years the incidence of DR (Incidence per 1000 person 
years with 95% Confidence Interval) were 23.54 (19.61-28.26), 17.52 (14.93-
20.55) and 21.47 (18.86-24.44). Compared to other age group the incidence 
was higher in the age group >60 years in three different time period. It was 
slightly higher in males 23.64 (19.80-28.23) than females 19.44 (16.08-23.49). 
Comparatively it was also higher 22.17 (18.94-25.96) in the 45-60 year age 
group in fifteen years. 
Conclusion: Working age group (45-60 years) had higher incidence for the 
development of DR. The overall incidence of DR increased as the duration of 
DM and age increases. Strategies aimed at early detection and prevention of 
DR will reduce the incidence rate.
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PS 103 Autonomic neuropathy
1131
Plasma asymmetric dimethyarginine (ADMA) is associated with 
autonomic neuropathy in long standing type 1 diabetes
D. Galicka-Latala1, A. Surdacki2, D. Fedak3, M. Kuzniewski4,  
E. Konduracka5; 
1Medical College, Department of Metabolic Diseases, 2Medical College, 
2nd Department of Cardiology, 3Medical College, Medical Diagnostic 
Department, 4Medical College, Department of Nephrology, 5Medical 
College, Coronary Department Jagiellonian University, Kraków, Poland.

Background and aims: Decreased availability of nitric oxide (NO), which 
contributes to the development of diabetes vascular complications, is partially 
related to excessive accumulation of asymmetric dimethylarginine (ADMA), 
an endogenous NO synthase inhibitor. Abnormalities of the L-arginine-NO 
pathway have been demonstrated in type 1 diabetics without clinical evidence 
of vascular disease. Increased circulating ADMA had previously been associ-
ated with propensity to atherosclerosis and its complications in non-diabetic 
populations and with cardiovascular morbidity and early nephropathy in 
type 1 diabetes. Plasma ADMA has recently been identified as independent 
predictors of cardiovascular events and progressive renal deterioration in pa-
tients with type 1 diabetic nephropathy.
Our objective was to evaluate the relationship between plasma ADMA and 
diabetic autonomic neuropathy in type 1 diabetes.
Materials and methods: We studied seventy eight patients with type 1 DM 
without clinical evidence of macrovascular complications, defined as a posi-
tive medical history for myocardial infarction, angina, coronary artery by-
pass gaft and stroke, and ischemic changes in ecg. To evaluate the pattern of 
cardiovascular autonomic balance a standard battery of cardiovascular reflex 
tests and a short-term heart rate variability (HRV) analysis were performed. 
HRV analysis included absolute and relative (%) spectral HRV power at rest 
in 3 standard frequency bands: VLF: 0.01-0.05 Hz); LF: 0.05-0.15 Hz; HF: 
0.15-0.5 Hz.
Results: Using computer assisted method (ProSciCard), autonomic neuropa-
thy was diagnosed in 31 diabetics (N1), being absent in 47 patients (N0). 
Height, weight, body mass index (BMI), blood pressure, ADMA, fasting 
glucose, HbA1c, serum creatinine, CRP, total chol, HDL-chol, LDL-chol and 
triglycerides (Tg), were measured in all subjects. The subjects with neuropa-
thy were significantly older than the remainder (N1 vs N0: 36.2 ± 10.3 vs 43.7 
± 9.2 years ; N1 vs N0, p=0.002). No differences were found between respec-
tive groups group with regard to diabetes duration (21.8 ± 9.2 vs 23.4 ± 9.9), 
total chol (4.76 ± 0.90 vs 4.85 ± 1.00 mmol/l), LDL-chol (2.44 ± 0.55 vs 2.47 
± 0.84 mmol/l), HDL-chol (1.96 ± 0.77 vs 4.85 ± 1.25 mmol/l), triglycerides 
(0.84 ± 0.55 vs 0.92 ± 0.41 mmol/l), CRP (1.81 ± 2.38 vs 1.69 ± 2.21 mg/l). 
Diabetics with neuropathy exhibited elevated plasma ADMA (N1 vs N0: 0.90 
± 0.28 vs 0.69 ± 0.39 μmol/l; p=0.01).
Conclusion: This is the first report suggesting a coincidence between elevat-
ed circulating ADMA levels and autonomic neuropathy in type 1 diabetes. 
Prospective studies are required to validate the concept of a cause-and-ef-
fect relationship between altered NO activity and risk of diabetic neuropathy 
in type 1 diabetes. The potential limitation of this study is that ADMA was 
measured at a single time point. Thus, it did not answer the question whether 
elevated ADMA levels stimulate the development of diabetic neuropathy or 
merely constitute its marker. Prospective studies are necessary to clarify this.
Supported by: K/ZDS/000632

1132
Corneal confocal microscopy: a novel surrogate marker for diabetic 
autonomic neuropathy
M. Tavakoli1, P. Begum2, J. McLaughlin3, R.A. Malik1; 
1University of Manchester, 22GI Sciences, University of Manchester, Salford, 
3GI Science, University of Manchester, United Kingdom.

Background and aims: The accurate quantification of the severity of diabetic 
autonomic neuropathy (DAN) can be time consuming and challenging. At 
present, most clinicians undertake cardiac autonomic function tests to use as 
a surrogate of autonomic neuropathy of the GI tract. We undertook a range of 
tests of small fibre and autonomic neuropathy including the novel technique 
of corneal confocal microscopy (CCM) to define how they may detect and 
quantify the severity of DAN in patients with gastroenteropathy.

Materials and methods: 20 subjects with diabetic gastroenteropathy and 14 
control subjects underwent cardiovascular and peripheral autonomic func-
tion testing to establish the Composite Autonomic Severity Score (CASS). 
Quantitative Sensory testing (QST) was performed to assess the severity of 
somatic neuropathy and corneal sensitivity and CCM were performed to 
quantify c-fibre dysfunction and damage.
Results: 12 patients (60%) had moderate-severe DAN (CASS 4.0 ± 2.2). Cor-
neal Nerve Fibre Density (NFD) 17.8 ± 13.3 (95% CI 11.6-23.9) vs 48.3 ± 
12.4 (95% CI 41.1-55.4), Nerve Branch Density (NBD) 8.9 ± 7.9 (95% CI 
5.2-12.6) vs 30.1 ± 5.3 (95% CI 27.0-33.2) and Nerve Fibre Length (NFL) 3.6 
± 3.1 (95% CI 2.1-5.2) vs 9.7 ± 2.5 (95% CI 8.3-11.2) were all significantly 
reduced in DAN vs controls (p<0.0001) and corneal sensation threshold was 
significantly elevated 1.6 ± 0.9 (95% CI 1.2-2.1) vs 0.7 ± 0.2 (95% CI 0.6-0.8); 
(p <0.0004). Corneal abnormalities correlated highly significantly with the 
severity of DAN (CASS vs NFD [r = -0.713], NBD [r = -0.726], NFL [r = 
-0.786] and CS [r = 0.659]; p<0.0001).
Conclusion: Patients with DAN had significant corneal nerve abnormali-
ties compared to healthy controls and the severity of nerve damage was very 
strongly associated with the severity of autonomic neuropathy. Thus CCM 
may act as a simple non-invasive surrogate marker for DAN in patients with 
diabetic gastroenteropathy.
Supported by: Core-Diabetes UK

1133
Effects of aldose reductase inhibitor on peripheral muscle sympathetic 
nerve activity in streptozotocin-induced diabetic rats
M. Kusunoki1, G. Shinzawa2, T. Nakamura2; 
1Dept. of Internal Medicine, Aichi Medical Univ., Nagoya, 2Dept. of Biomed. 
Information Eng., Grad. Sch. of Med. Sci., Yamagata Univ., Japan.

Background and aims: Peripheral neuropathy is one of the most common 
complications of diabetes mellitus. Excessive aldose reducatase activation 
in the polyol pathway due to high blood glucose is one of the main factors 
inducing the neuropathy. Therefore, aldose reductase inhibitor (ARI) was 
expected to prevent the neuropathy, and it has been used in clinical cases 
in several countries. However, the effects of ARI on small peripheral, unmy-
elinated nerve fibers, such as muscle sympathetic nerve ones, have not been 
documented well. The purpose of this study is to determine the effects of 
ARI on peripheral muscle sympathetic nerve activity directly measured with 
microneurography in streptozotocin (STZ)-induced type 1 diabetes model 
rats.
Materials and methods: Wistar rats were separated into three groups: nor-
mal, STZ and ARI. STZ (80 mg/kg) was administered ip to each rat at 8 weeks 
of age in the STZ and ARI groups. ARI (150 mg/kg) was orally given every 
day to rats in ARI group for 3 weeks after the STZ administration. Microneu-
rographic technique was used for the direct measurement of the compound 
sympathetic nerve signal in the sciatic nerve of anesthetized, 11-week rats 
in the 3 groups. In the supine position, a tungsten microelectrode was in-
serted several times into the nerve bundle until the specific burst signal of 
sympathetic flow was observed. Glucose solution (50 %, 0.25 mL) was ad-
ministered via the right jugular vein, and the sympathetic signal and blood 
pressure (BP) were recorded on DAT tape. The data were fed offline into PC 
after each experiment, and analyzed using Matlab. After noise reduction pro-
cedures, action potentials (APs) were manually detected and the firing rate 
was evaluated.
Results: The blood glucose level was transiently increased after glucose ad-
ministration by about 100 mg/dL from about 60 , 400 and 400 mg/dL in 
the normal, STZ and ARI rats, respectively. Before glucose administration, 
AP firing rate in STZ rats was lower than that in normal rats (212±117 vs. 
408±177 spikes/min) although the difference was not statistically significant. 
The rate of ARI rats (358±166 spikes/min) was higher than that of STZ rats 
and close to that of normal rats. In each group, the glucose administration 
caused little change in BP. After the glucose administration, the firing rate 
increased in normal rats (408±177 and 628±359 spikes/min, before and 60 
min after the administration, respectively), which may imply that the sym-
pathetic system plays some role in the glucose metabolism in peripheral tis-
sues. In contrast, the rate in STZ and ARI rats increased little (from 212±117 
to 220±73 and from 358±166 to 395±169 spikes/min in STZ and ARI rats, 
respectively), which may show diminished sympathetic response to the glu-
cose administration. The results may suggest that the sympathetic functional 
deterioration takes place within 3 weeks under high blood glucose and low 
plasma insulin condition in STZ rats, and that ARI prevents the sympathetic 
function at least from reduction of basal activity. Further study is necessary to 
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evaluate the effects on dynamic response of sympathetic system because it is 
necessary to evaluate the condition of afferent system as well in the feedback 
response.
Conclusion: The sympathetic functional deterioration may bring about with-
in 3 weeks in STZ rats, and ARI administration may be useful to prevent the 
sympathetic function at least from reduction of basal activity.
Supported by: Ono Pharmaceutical Co. Ltd.

1134
Blunted postprandial parasympathetic drive and its relation to blood 
pressure control in patients with diabetes mellitus
A. Pop, A. Stirban, S. Nandrean, D. Tschöpe; 
Diabetes Center, Heart and Diabetes Center, Bad Oeynhausen, Germany.

Background and aims: The autonomic nervous system plays an important 
role in the regulation of metabolic and cardiovascular events following food 
ingestion. Postprandial hypotension, a hemodynamic abnormality in diabe-
tes mellitus (DM), indicates a lack of cardiovascular compensatory changes to 
offset the fall in splanchnic vascular resistance. But data showing the relation 
between postprandial hypotension and the autonomic control of the heart in 
patients with diabetes is contradictory. Several studies have suggested blunted 
autonomic postprandial regulation in subjects with diabetes. The aim of our 
study was therefore to assess the postprandial regulation of the autonomic 
nervous system in relation to blood pressure control in subjects with DM 
without further complications.
Materials and methods: We have investigated 27 patients with type 2 DM 
(age: 55.7±7.7 years, diabetes duration: 7.8±4.8 years, HbA1c: 7.4±1.0 % and 
BMI: 30.6±4.6 kg/m2). Patients were investigated in the morning, after an 
overnight fast and 4 hours after the ingestion of a breakfast (590 kcal). At any 
time point, HRV was measured in the supine position over a period of 5 min-
utes, using the SUEmpathy 100 System along with measurements of systolic 
(sBP) and diastolic (dBP) blood pressure. The following HRV parameters 
were analyzed: average length of the RR interval (RRi), variance, the square 
root of the mean squared differences of successive RR intervals (RMSSD) as 
indexes of the parasympathetic drive and the LF/HF ratio as index of the 
sympatho-vagal balance. All results are expressed as mean ± SEM and pre-
sented under fasting conditions vs. postprandial.
Results: There was a significant decrease of the RRi (867.4±25.3 ms vs. 
836.9±22.53 ms, 3p<0.01) and a mild but significant decrease of both systolic 
and diastolic blood pressure at 4 hours postprandially (sBP: 128.0±2.4 mmHg 
vs. 120.8±2.83 mmHg; dBP: 82.2±1.8 mmHg vs. 78.0±2.0* mmHg; 3p< 0.01 
and *p< 0.05). We also noticed a non-significant decrease in variance (4.5±0.8 
% vs. 3.2±0.3 %, p=0.09), a significant decrease in RMSSD (46.0±12.6 ms vs. 
14.8±4.9* ms, *p< 0.05) and a significant increase of the LF/HF ratio (4.4±0.7 
vs. 7.3±2.0*, *p< 0.05).
Conclusion: Our data suggest that:
1) patients with diabetes show a mild but prolonged postprandial fall in blood 
pressure, both systolic and diastolic;
2) the blood pressure fall occurs despite a statistically significant increase in 
heart rate;
3) since parameters reflecting the parasympathetic drive significantly de-
crease postprandially, the marked increase in the sympatho-vagal balance is 
due to a parasympathetic withdrawal;
4) overall our data suggest that in DM subjects without other complications, 
postprandial autonomic nervous regulation is not preserved.

1135
Increased left ventricular torsion rate in subjects with type 1 diabetes 
correlates with cardiac autonomic neuropathy: a pilot study
M.K. Piya1,2, G. Nallur Shivu1, K. Dubb1, A.A. Tahrani1,2, K. Abozguia1,  
T.T. Phan1, P. Narendran1, M. Frenneaux1, M.J. Stevens1,2; 
1University of Birmingham, 2Biomedical Unit Birmingham Heartlands 
Hospital, United Kingdom.

Background and aims: We have previously demonstrated that left ventricular 
(LV) torsion is increased in patients with Type 1 Diabetes Mellitus (T1DM) 
without known coronary artery disease (CAD) or heart failure. Increased LV 
torsion may be one of the earliest features of diabetic cardiomyopathy. Since 
we have previously demonstrated altered sympathetic function in these sub-
jects, our aim was to determine the role of cardiac autonomic neuropathy 
(CAN) in the development of increased torsion in these individuals.

Materials and methods: A pilot cross-sectional study is being conducted in 
subjects with T1DM recruited from two diabetes centres in Birmingham, 
UK. LV function was assessed by echocardiography. LV rotation and strain 
was measured using a commercially available speckle tracking system in an 
ECHOPAC (version 4.2.0) workstation. LV torsion, torsion rate and untwist 
rates, were determined from the apical and basal rotation measurements. 
CAN was assessed using ANX-3.0 (Ansar, Inc., Philadelphia, PA). CAN was 
assessed by heart rate variability (HRV) and blood pressure changes during 
four stages: at rest, deep breathing, valsalva manoeuvre and during the stand 
response. We used spectral and time domain analysis. Correlation coefficient 
(r) was calculated using Pearson’s method of correlation.
Results: So far 16 subjects with T1DM of 17±9 years duration (mean±1SD), 
aged 35±7 years, 63% male, HbA1c of 8±1.2% have been included. With root 
mean square successive difference (rmsSD) during valsalva manoeuvre, there 
was a significant negative correlation with LV torsion rate during systole (r= 
-0.52, p=0.044), and a significant positive correlation with LV untwist dur-
ing early diastole (r= 0.57, p=0.025). The ratio of sympathetic to parasympa-
thetic response (LFa/RFa) in the stand response was significantly correlated 
positively with intraventricular relaxation time (IVRT) (r= 0.77, p=0.001) 
and also negatively with inferior septum contraction rate (r= -0.57, p=0.03), 
both markers of diastolic dysfunction. IVRT was also significantly positively 
correlated with Expiration Inspiration (E/I) ratio (r= 0.56, p=0.02) and with 
valsalva ratio (r= 0.52, p=0.04). Radial strain of the LV was significantly nega-
tively correlated with E/I ratio (r= -0.57, p=0.02) and valsalva ratio (r= -0.54, 
p=0.03).
Conclusion: Our pilot study suggests that LV torsion is related to sympa-
thetic dysfunction in subjects with T1DM without CAD or heart failure. This 
suggests that CAN is possibly implicated early in the development of cardio-
myopathy in patients with T1DM. Larger scale studies exploring the relation 
between CAN and early diabetic cardiomyopathy are ongoing.
Supported by: The British Heart Foundation

1136
The presence of sympathovagal abnormalities in patients with subclinical 
diabetic autonomic neuropathy
M.A. Oleolo, J.L.B. Marques, R. Gandhi, D. Selvarajah, S. Tesfaye; 
University of Sheffield Teaching Hospital, United Kingdom.

Background: Diabetic autonomic neuropathy (DAN) is associated with a 
five-fold increase in cardiovascular mortality. Recognised causes of death in-
clude silent myocardial Infarction (MI) and sudden cardiac death (SCD) due 
to malignant arrythmias. This study involved analysis of heart rate variability 
(SHRV) as an early, non-invasive, test useful for detecting the presence of 
sympathovagal abnormalities in a group of diabetic patients with sub-clinical 
DAN.It is well recognised that in patients who die of sudden cardiac death, 
HRV abnormalities are demonstrable.These represent sympathovagal imbal-
ance.They are seen in the five minute period preceding the event and are well 
characterised using a time domain parameter, the standard deviation of all 
normal RR interval variation (SDNN). 
Aim: To assess the usefulness of HRV in demonstrating sympathovagal ab-
normalities associated with sudden cardiac death and myocardial infarction.
Methods: Sixteen age and sex matched, healthy volunteers (HV) and 48 pa-
tients with diabetes (type-1, n=16; type-2, n=32) underwent standard cardio-
vascular autonomic testing (CAT) using the O’Brien protocol, and specialised 
autonomic tests (baroreceptor sensitivity [BRS], and HRV). Subjects were 
classified as no-DAN (n=14, normal CAT and BRS), subclinical-DAN (sub-
DAN, n=17,normal CAT, abnormal BRS) and established DAN (est-DAN, 
n=17, BRS and CAT abnormal).
Results: Analysis of HRV showed subjects with sub-DAN (12.3±5.2ms) and 
est-DAN (17.0±7.1ms) had significantly lower SDNN than HV (46.9±9.6ms) 
and no-DAN (39.9±4.5ms); ANOVA p< 0.001. Subjects in the sub-DAN had 
the lowest RR interval variation (677.2±73.2ms) and this was significantly 
lower than in HV (937.0±114.1ms) and no-DAN (880.9±138.8ms);ANOVA 
p<0.05.The lower RR interval variation for sub-DAN was not significant 
when compared to est-DAN (830.9±120.7).
Conclusion: This study suggests that SHRV can detect autonomic dysfunc-
tion in asymptomatic diabetic subjects with normal CATs and that these in-
dividuals have abnormal SDNN,which represents sympathovagal imbalance.
Such imbalance, even when transient, have been shown to predispose to sud-
den cardiac death.Prospective studies are required to see if these patients are 
at risk of increased cardiovascular mortality due to sudden cardiac death.
Supported by: a grant from the NIH
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1137
Severe symptomatic diabetic gastroparesis and cardiovascular tests 
exhibit a close relationship
N. Ejskjaer, J. Fleischer; 
Department of Medicine M (Endo+Diab), Aarhus University Hospital, Denmark.

Background and aims: Diabetic gastroparesis is associated with autonomic 
dysfunction, but the nature of this relationship remains elusive. This study 
presents detailed clinical data. Aim: To describe Type 1 diabetes patients suf-
fering severe symptomatic gastroparesis.
Materials and methods: 19 consecutively recruited type 1 diabetes patients (6 
males and 13 females) with delayed gastric emptying and correlating symptom 
scores. Age 43 years (+/- 14 years). Diabetes duration 21 years (+/- 8 years). Body 
mass index 26 (+/- 5). All demonstrated autonomic symptoms from more than 
one organ system. Cardiovascular autonomic neuropathy (CAN) was assessed 
by heart rate variability resting, expiration:inspiration and heart rate variability 
from lying to standing. A 13C-octanoic breath test determined rate of gastric emp-
tying and symptom scores by a validated questionnaire. All patients underwent 
through physical, paraclinical and clinical examinations including endoscopies.
Results: Gastric emptying rates were all significantly increased (T1/2 = 152 min-
utes (+/- 33 minutes). All patients but two were diagnosed with CAN. Of the 17 
patients exhibiting CAN 7 were at an early stage of progression whereas 10 were 
at an endstage of CAN. Blood pressure lying down 140/82 mmHg (systolic +/- 
29 mmHg and diastolic +/- 14 mmHg) and blood pressure standing 126/83 
mmHg (systolic +/- 32 mmHg and diastolic +/- 15 mmHg) signifies postural 
hypotension. On validated questionnaires all patients demonstrated symptoms 
pathognomic for gastroparesis and severely so.Examination for CAN may sup-
port a gastroparesis diagnosis in Type 1 diabetes patients suffering upper gas-
trointestinal symptoms. The finding of CAN in a Type 1 diabetes patient may 
warrant a need for further investigations regarding gastric motility.
Conclusion: All consecutively recruited patients suffered symptomatic gas-
troparesis and all but two patients demonstrated cardiovascular autonomic 
dysfunction. There exists a close relationship between severe gastric motility 
and cardiovascular autonomic neuropathy.
Supported by: the Danish Diabetic Association

1138
Endothelial impairment and bone marrow-derived CD34+/133+ cells in 
diabetic subjects with erectile dysfunction
M. Murata, H. Tamemoto, T. Saito, A. Ikoma, H. Toyoshima, S. Ishikawa, 
M. Kawakami; 
Department of Medicine, Jichi Medical University Saitama Medical Center, 
Japan.

Background and aims: The present study was undertaken to determine en-
dothelial impairment and erectile dysfunction (ED) in subjects with type 2 
diabetes mellitus.
Materials and methods: One hundred sixteen type 2 diabetic men were en-
rolled in the present study. Endothelial function and exercise capacity were 
evaluated by flow-mediated vasodilation (FMD) and cardiopulmonary exer-
cise test (CPX). Also, endothelial progenitor cells were determined by FACS.
Results: In the ED diabetic subjects FMD and anaerobic threshold (AT) after exer-
cise tolerance were significantly less than those in the subjects with normal erectile 
function (FMD: 2.8 vs. 3.8%, p=0.02, and AT: 11.1 vs. 12.8 ml/kg/min, p=0.01). 
Basal levels of bone marrow-derived CD34+/133+ cells were comparable in both 
the diabetic subjects with and without ED, but exercise tolerance significantly 
increased the number of CD34+/133+ cells in both groups (77 to 90 cells/100μl, 
p=0.006, and 73 to 101 cells/100μl, p<0.001). The diabetic subjects were sub-
grouped according to the development of autonomic neuropathy. In the subjects 
having a CVRR more than 2%, FMD was significantly reduced in the ED subjects 
than those without ED (2.5 vs. 3.9%, p=0.021). In response to exercise tolerance 
the number of CD34+/133+ cells increased in both the diabetic subjects with ED 
(78 to 93 cells/100μl, p=0.023) and without ED (99 to 134 cells/100μl, p=0.015). On 
the contrary, in the diabetic subjects with autonomic neuropathy (CVRR <2.0%), 
FMD was reduced and there was no difference in FMD between the subjects with 
and without ED. The exercise tolerance increased the number of CD34+/133+ cells 
in the subjects without ED (45 to 60 cells/100μl, p=0.023), but it disappeared in 
those with ED (76 to 88 cells/100μl, ns). Similar results were obtained with the ED 
diabetic subjects according to the progression of nephropathy.
Conclusion: These findings may indicate that ED diabetic subjects have en-
dothelial impairment during the early period of diabetic complications, who 
concomitantly repair endothelial function by promoting bone marrow-de-
rived endothelial progenitor cells.

PS 104 Neuropathy and wound 
healing - experimental
1139
Deletion of the redox enzyme p66shc promotes diabetic wound healing 
in mice
G. Fadini1, M. Albiero1, L. Menegazzo1, E. Boscaro2, C. Agostini2,  
A. Lapolla3, M. Giorgio4, A. Avogaro1; 
1Dept Clinical and Experimental Medicine - DMM, University of Padova, 
2Dept Clinical and Experimental Medicine - Clinical Immunology, 
University of Padova, 3Dept of Medical and Surgical Sciences, University of 
Padova, 4European Institute of Oncology, Milan, Italy.

Background and aims: Diabetic wounds challenge patients and clinicians. 
Limb ischemia is the most important risk factor for the development of 
diabetic wounds, but the mechanisms that delay wound healing in diabetes 
are poorly understood. Deletion of the lifespan determinant redox enzyme 
p66shc protects against experimental diabetic nephropathy and endothe-
lial dysfunction. We aim to study the effects of p66shc knock-out on skin 
wound healing in the presence/absence of experimental diabetes and hind 
limb ischemia.
Materials and methods: Excisional skin wounds were created on the dor-
sal surface of hind limbs in diabetic and non-diabetic wild type (w/t) and 
p66shc-/- mice. Diabetes was induced through intraperitoneal streptozo-
tocin. Wound size was monitored with digital imaging. Skin concentrations 
of pentosidine and nytrotyrosine were also assessed. In separate sets of ex-
periments, hind limb ischemia was induced by femoral artery excision, and 
wounds were created on the ischemic skin 2 weeks later. Post-ischemic skin 
microcirculatory blood flow was monitored with laser Doppler imaging. Sec-
tions of adductor muscles were assessed for necrosis, apoptosis and capillary 
density 2 weeks after ischemia. Mobilization of CD34+/Flk1+ endothelial 
progenitor cells (EPCs) was assessed 4 days after ischemia using flow cytom-
etry. Dermal fibroblasts were isolated from w/t and p66shc-/- mice and used 
for an in vitro scratch-wound assay under 5 or 25 mM glucose and under 
normoxic or hypoxic conditions.
Results: There were no differences in wound healing between non diabetic 
w/t and p66shc-/- mice. The presence of diabetes delayed wound healing 
by about 34% in w/t mice but not in p66shc-/- mice. Skin pentosidine and 
nytrotyrosine concentrations were increased by 40% and 35% respesctively 
in diabetic w/t as compared to non-diabetic w/t mice, but not in diabetic ver-
sus non-diabetic p66shc-/- mice. The co-existence of hind limb ischemia and 
diabetes almost doubled healing time in w/t mice, while p66shc-/- mice still 
showed faster healing. Post-ischemic skeletal muscle damage was reduced in 
p66shc-/- mice as compared to w/t mice in the presence or absence of diabe-
tes. Post-ischemic skin perfusion and muscle capillary density were signifi-
cantly improved in diabetic p66shc-/- mice as compared to diabetic w/t mice 
(0.41±0.03 vs 0.29±0.04 units and 1.15±0.20 vs 0.87±0.1 capillaries/fiber), 
while there was no difference between non-diabetic w/t and p66shc-/- mice. 
Mobilization of CD34+/Fkl1+ EPCs was impaired in diabetic versus non-dia-
betic w/t mice, while p66shc-/- mice did not mobilize EPCs, independently 
of the presence of diabetes. Dermal fibroblasts from p66shc-/- mice showed 
almost complete resistance to oxidative stress induced by hydrogen peroxide 
(6% vs 85% cell death) and improved migration under high glucose or hy-
poxia, as compared to w/t fibroblasts.
Conclusion: Deletion of p66shc promotes diabetic wound healing, especially 
in the setting of ischemia. The mechanisms include reduced oxidative stress 
and accumulation of glycation end-products, improved cell migration and 
post-ischemic angiogenesis, which was not associated with improved EPC 
mobilization.
Supported by: a 2006 EFSD/Lilly grant to A.A.
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1140
Modified epidermal growth factor(FRM-EGF) gene therapy markedly 
improved histologic findings of diabetic mice skin wound
J. Park1, C. Yoon2, H. Jung2, J. Ko1, H. Jun1, T. Kim1, M. Kwon1, S. Lee1,  
K. Ko1, B. Rhee1, S. Chung3, M. Kim4; 
1Division of Endocrinology and Metabolism, Department of Internal 
Medicine, Pusan Paik Hospital, Inje University, 2Molecular Therapy 
Lab, Paik Institute for Clinical Research, Inje University, 3Department of 
Pathology, College of Medicine, Inje University, 4Department of Internal 
Medicine, Maryknoll Medical Center, Busan, Republic of Korea.

Background and aims: Skin ulcers of diabetes mellitus are notorious for 
delayed healing. The clinical role of topical growth factor treatment might 
have been limited because of its high cost, low efficacy and short half-life 
of applied factor due to over-expressed non-specific proteases in the wound 
bed. Growth factor gene therapy into the wound tissue might be a fascinating 
alternative to overcome these limitations. We already have shown that human 
VEGF165 gene therapy improved the healing of diabetic mice skin wound. 
This study was performed to see that the sonoporation gene therapy using 
modified human EGF DNA could improve the histologic quality of diabetic 
skin wound healing.
Materials and methods: Novel plasmid DNA containing FRM(furin recog-
nition motif)-EGF for facilitating the secretion of produced EGF outside the 
cell driven by the ubiquitous strong chicken β-actin promoter was cloned. 
The competency of cloned plasmid DNA was verified using cultured HEK-
293 cells. Ultrasound micro-bubble destruction method was employed to 
deliver plasmid DNA into the 6mm circular skin wound of streptozotocin 
induced diabetic C57BL/6J mice. The quality of wound healing was moni-
tored via H&E and Mason-Trichrome stain along with the measurement of 
the expressed EGF in the skin tissue.
Results: Insertion of FRM prior to the EGF DNA sequence dramatically en-
hanced the secretion of produced EGF outside the transfected HEK293 cells. 
Sonoporation of EGF plasmid DNA into the skin wound of diabetic mice 
showed marked improvement of the histologic findings. Rapid epitheliza-
tion and deposition of large amount of collagen in the healing skin tissue was 
nearly similar with the healing process of normal control mice skin wound. 
And the histologic improvements coincide with the expression pattern of 
EGF in the sonoporated skin.
Conclusion: In conclusion, sonoporation of modified EGF plasmid DNA 
into the skin wound of diabetic mice not only hasten the healing, but also 
normalized the microarchitectures and tissue collagen deposition.

1141
Estrogen receptor beta modulates wound healing in diabetes
V.G. Sunkari, J. Grünler, S. Lindberg, O. Savu, I. Botusan, K. Brismar,  
K.R. Steffensen, S.-B. Catrina; 
Karolinska Institutet, Stockholm, Sweden.

Background and aims: The impaired wound healing in diabetes represents 
a major medical, social and economic problem. It is therefore a high need 
to find new therapeutical approaches. The effects of estrogens on cutaneous 
wound healing are well established and explain the defective wound healing 
in elderly. Estrogen receptors beta (ERβ) have been linked to venous ulcers. 
However the effect of estrogens on diabetic wounds is still unexplored. The 
present study analyzed the contribution of the estrogen receptor beta (ERβ) 
for wound healing in diabetic mice.
Materials and methods: We studied the effect of diabetes (induced by strep-
tozotocin) on wound healing rate in estrogen receptor-beta (BERKO) knock-
out mice and in wild type mice (C57BL/6). The wound model consists in 
full-thickness wounds made on the dorsum of the animals. The wounds were 
followed every other day using a digital camera. Wound granulation, der-
mal and epidermal regeneration were evaluated by hematoxylin and eosin 
staining and angiogenesis by GS-1 isolectin staining. Markers for inflamma-
tion, endothelial precursor’s cell recruitment, cell migration were analyzed 
by qRT-PCR.
Results: Diabetic BERKO mice (50% and 90% wound closure at 3.4+/-0.3 
days respectively 8.7+/- 0.2 days) have a faster wound healing rate compared 
with diabetic wild mice (50% and 90% wound closure at 4.7 days+/- 0.5 days 
respectively 10+/-0.3 days).
Conclusion: Estrogen receptor-beta modulates the wound healing rate in di-
abetes and suggests the need of specific ER agonists for therapeutical trials.
Supported by: Family Stefan Persson Foundation

1142
Effects of PKF275-055 in peripheral diabetic neuropathy
R. Bianchi1, I. Cervellini1, C. Porretta-Serapiglia1, N. Oggioni2, B. Burkey3, 
G. Cavaletti2; 
1Molecular Biochemistry and Pharmacology, Mario Negri Institute for 
Pharmacological Research, Milan, Italy, 2Department of Neuroscience 
and Biomedical Technologies, University of Milan “Bicocca”, Monza, Italy, 
3Novartis Institute forBiochemical Research, Cambridge, United States.

Background and aims: Dipeptidyl peptidase IV (DPP IV) inhibitors exert 
antidiabetic effects of by potentiating the biological activity of incretin hor-
mones like glucagon-like peptide (GLP)-1. PKF275-055, a vildagliptin analog, 
is a novel, selective, potent, orally bioavailable, long-acting DPP IV inhibitor. 
We studied the effect of chronic dosing with PKF275-055 (1-2 months) in 
two experimental settings.
Materials and methods: The first was aimed at testing the efficacy of PKF275-
055 in preventing and/or protecting (prevention and protection schedules, 
respectively) peripheral diabetic neuropathy in the streptozotocin-induced 
(STZ) diabetes model in rats; the second at investigating therapeutic efficacy 
in established peripheral diabetic neuropathy in the same model (therapeu-
tic schedule). In addition to general observations (body and muscle weight, 
blood glucose) several other parameters were examined including nerve con-
duction velocity (NCV), Na+,K+-ATPase activity, thermal and mechanical 
thresholds and oral glucose tolerance.
Results: Chronic PKF275-055 besides improving anabolic function, as indi-
cated by body and muscle weight gain and supported by oral glucose toler-
ance test (OGTT) data, counteracted the impairment of NCV, nociceptive 
thresholds and Na+,K+-ATPase activity. OGTT after drug washout showed 
marked improvement in glucose tolerance in all the treatment schedules. In 
the experimental therapeutic setting, compared to non-diabetic rats NCV 
was 36% lower (P<0.001) at ten weeks in the STZ-untreated group, but only 
17% lower in PKF275-055 treated animals (P<0.01 vs. diabetic). As expected, 
Na+,K+-ATPase activity was significantly reduced in diabetic nerves (by 
40%) and PKF275-055 halved this decrease with a significant difference from 
the untreated diabetic group (P<0.05). Thermal and mechanical allodynia 
nociceptive thresholds were checked every 15 days throughout the study. 
Rats develop mechanical hypoalgesia within two weeks after STZ injection. 
PKF275-055 therapeutic schedules partially protected diabetic rats (about 
50%), but had no such effect in non-diabetic controls. Hind paw thermal re-
sponse latencies were significantly longer (P<0.01) in untreated diabetic rats 
than in untreated controls. Treatment had no effect on these latencies in con-
trols, but progressively prevented the increase in diabetic rats.
Conclusion: Although further studies are needed the present data indicate 
PKF275-055’s efficacy and highlight its potential for treating established dia-
betic neuropathies.
Supported by: Novartis, Italy

1143
The functions of bone marrow-derived mononuclear cells and their 
therapeutic efficacy on diabetic polyneuropathy are affected by their age
M. Kondo1, H. Kamiya1, T. Shibata1, K. Naruse1,2, T. Himeno1, J. Suzuki1,  
J. Kato1, Y. Kobayashi2, A. Watarai3, Y. Hamada1, E. Nakashima3, Y. Oiso1,  
J. Nakamura1; 
1Endocrinology and Diabetes, Nagoya University, 2School of Dentistry, 
Aichi Gakuin University, 3Chubu Rousai Hospital, Nagoya, Japan.

Background and aims: Recent studies have shown that cell transplanta-
tion therapy such as endothelial precursor cells (EPCs), mononuclear 
cells (MNCs) and mesenchymal stem cells (MSCs), is effective on diabetic 
polyneuropathy (DPN) through ameliorating impaired nerve blood flow in 
diabetic rats. Among them, bone marrow (BM) MNCs are isolated relatively 
easy and collected in large quantities at one time. Moreover, it has been re-
ported that the functions of EPCs are impaired under the diabetic condition 
and the number of MSCs in BM decreases with age. Although these indicate 
that BM-MNCs are the most suitable for clinical application in DPN, their 
functions in diabetes or with age has not been reported. Here, we investigated 
the effects of BM-MNCs transplantation on DPN by using BM-MNCs from 
16-week-old 8-week-diabetic (AD), 16-week-old normal (AN) and 6-week-
old normal (YN) rats.
Materials and methods: 1) Diabetes was induced by intraperitoneal injection 
of STZ to 8-week-old male Spraugue-Dawley rats. 2) After 8 weeks, MNCs 
were isolated from BM of AD, AN and YN rats. 3) bFGF, VEGF, NGF and 
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NT3 mRNA levels in each group of MNCs were measured. 4) Then, MNCs 
with saline or saline alone were injected into the right and left hindlimb mus-
cles of normal (N) and 8-week STZ diabetic (D) rats, respectively. 5) Four 
weeks later, plantar test (PT), nerve conduction velocity (NCV) and nerve 
blood flow of sciatic nerves (SNBF) were evaluated.
Results: 1) bFGF mRNA levels in MNCs of YN rats were significantly in-
creased compared with those of AD and AN rats. There were no significant 
differences between AD and AN rats. 2) Impaired thermal sensation (N: 
17.0±1.4s, D: 22.4±3.9), decreased SNBF (N: 17.2±3.9 ml/min/100g, D: 
8.0±2.5) and delayed NCV (N: 53.9±3.9 m/s, D: 41.8±3.7) in 8-week diabetic 
rats were significantly ameliorated by YN rat-derived MNCs (PT: 17.3±2.3s, 
SNBF: 13.4±4.1 ml/min/100g, NCV: 50.7±5.1m/s). Whereas MNCs from AD 
or AN rats did not show any effects on these functional tests.
Conclusion: These results indicate that cytokine production abilities of 
MNCs would highly depend on their age, and that this difference would ex-
plain the disparity of the therapeutic efficacy on DPN.

1144
The efficacy of methylcobalaminamin was influenced by diabetic 
conditions on experimental peripheral neuropathy via IGF-1 
L. Jianbo1, J. Chen1, C. Wang2, X. Li3, H. Ma4; 
1Endocrinology & Metabolism, 2Molecular Lab, 3Neurology Department, 
4Pathology, The First Affiliated Hospital of Nanjing Medical University, 
Nanjing, China.

Background and aims: Neurotrophic substances have been implicated in 
the pathogenesis of diabetic neuropathy,a degenerative defect ameliorated 
by exogenously administered IGF-I. Continuous treatment with methylco-
balamin, one of the coenzyme forms of vitamin B(12),also has an ameliora-
tive effect on this lesions in a neurotrophic pattern. However, little is known 
about potential association of methylcobalamin with IGF-1 on neurotrophic 
mechanism. On the basis of previous studies,we explored the link by observ-
ing dynamic changes of serum IGF-1 and it’s main contributor-liver IGF-1 
mRNA following exogenous methylcobalamin administration,and further-
more suggested an effective way of improving methylcobalamin effect on 
diabetic neuropathy.
Materials and methods: We included ninety adult male Sprague-Dawley rats 
in this study. Diabetes was induced in rats with STZ. Thirty rats were in nor-
mal control group(NG), thirty in a relatively good -controlled diabetic grou
p(GG)(FPG:10.94±1.08mmol/L), and thirty in a relatively poor -controlled 
diabetic group(PG)(FPG:18.34±1.03mmol/L). Each rat of treatment groups 
was given methylcobalamin(500ug/kg/d, im). We measured liver IGF-1 
cDNA to β-actin cDNA band density ratio and IGF-1 peptide to total protein 
ratio( ng/ mg )by using RT-PCR or ELISA, sciatic sensory and motor nerve 
conduction velocity [SNCV, MNCV(m/s)]by using evoked electromyograph, 
respectively.
Results: At week 2 after onset of diabetes, untreated GG and PG showed a re-
duced serum IGF-1 peptide and liver IGF-1 mRNA (371.0±12.5, 223.2±9.39 
vs 511.2±24.7, P<0.0025,P<0.001 for serum IGF-1; 0.79±0.048, 0.53±0.023 
vs1.15±0.09 ,P<0.0025,P<0.001 for liver IGF-1 mRNA ). IGF-1s in meth-
ylcobalamin treated GG and PG were greater than untreated GG and PG 
(423.4±13.41 vs 371.0±12.5, 240.0±7.8 vs 223.2±9.39, P<0.01,P<0.025 
for serum IGF-1; 0.93±0.049 vs 0.79±0.048, 0.69±0.031vs 0.53±0.023 
P<0.01,P<0.05 for liver IGF-1 mRNA). Physioelectroparameters did not 
differ between the treated GG, PG and NG till week 8, when it showed im-
paired SNCV(25.70±1.59 vs 26.32±1.51 P<0.05) and MNCV(18.61±1.86 vs 
20.11±1.76 P<0.05) as compared to NG. The IGF-1s and physioelectropa-
rameters downturn progressed through week 12(end of experiment), when 
the IGF-1s and physioelectroparameters of the treated PG gradually dropped 
to that of the untreated PG, though they were more delayed to decrease in 
treated GG than in untreated GG (345.16±18.7, 199.25±11.41 vs 525±30.2, 
P<0.01,P<0.001 for serum IGF-1; 0.74±0.041, 0.48±0.017 vs 1.12±0.056 
P<0.005,P<0.0001 for liver IGF-1 mRNA; 23.79±1.68 vs 21.30±1.72 P<0.05 
for MNCV; 17.60±1.79 vs15.92±0.65 P<0.05 for MNCV). No effect of meth-
ylcobalamin on blood glucose was shown in any given groups.
Conclusion: The study was our pilot observation that the efficacy of meth-
ylcobalamin, at least via liver IGF-1 expression upregluation contributing to 
serum IGF-1 level, delayed the onset of diabetic peripheral neuropathy. The 
effect was influenced by diabetic status, e.g., high effectiveness was achieved 
in a relatively good -controlled diabetic state , especially at early stage.
Supported by: Jiangsu Province scentific foundation

1145
Angiotensin II type-1 receptor blocker olmesartan increases neuronal 
expression of angiotensin II receptors in dorsal root ganglia and 
ameliorates diabetic peripheral neuropathy in Zucker diabetic fatty rats
K. Sugimoto1, M. Baba2, M. Yasujima1; 
1Laboratory Medicine, Hirosaki University, 2Neurology, Aomori Prefectural 
Central Hospital, Japan.
Background and aims: Recent clinical studies have demonstrated that 
renin-angiotensin system (RAS) blockade may reduce the risk of developing 
type 2 diabetes and its complications. However, there has been little research 
on the effects of Angiotensin II type (AT)1 receptor blockers on diabetic 
peripheral neuropathy in type 2 diabetic animals.

Materials and methods: In the present study, 14-week-old, male, type 2 
diabetic Zucker diabetic fatty (ZDF) rats were either treated orally with olm-
esartan (6 mg/kg/day)(n=7), an AT1 receptor blocker, or left untreated (n=7), 
and followed for 9 weeks. Age- and sex-matched nondiabetic lean rats served 
as controls (n=7).
Results: At the end of the experiment, untreated ZDF rats had higher blood 
glucose and HbA1c levels than control rats, and these levels were not affected 
by olmesartan treatment for 9 weeks. While untreated ZDF rats and control 
rats had comparable serum insulin and adiponectin levels, untreated rats had 
higher serum total cholesterol, triglyceride, free fatty acid, and leptin levels 
than control rats. In ZDF rats, olmesartan treatment decreased serum total 
cholesterol and increased serum leptin levels. Furthermore, untreated ZDF rats 
had increased myelinated fiber density and decreased myelin area in the distal 
peroneal nerve, though the densities of CD-31- and RECA-1-immunoreactive 
endoneurial microvessels in the sciatic nerve were comparable in untreated 
ZDF rats and control rats. Untreated ZDF rats developed mechanical hyper-
algesia and thermal hypoalgesia, and they showed sensory and motor nerve 
conduction slowing in the sciatic-tibial nerves. Compared with untreated ZDF 
rats, olmesartan-treated ZDF rats had increased myelin area and sensory nerve 
conduction velocity. In dorsal root sensory neurons of untreated ZDF rats, im-
munoreactivities for AT1 and AT2 receptors were unchanged, but immunore-
activities for total and phosphorylated insulin receptors decreased. Olmesartan 
treatment increased immunoreactivities for AT1 receptors (vs. untreated ZDF 
rats), AT2 receptors (vs. control rats), and total insulin receptors (vs. untreated 
ZDF rats). The immunoreactivities for 8-OHdG, a marker of oxidative DNA 
damage, of dorsal root sensory neurons did not differ among the three groups.
Conclusion: These results demonstrate that olmesartan upregulates angi-
otensin II and insulin receptors of dorsal root sensory neurons and amelio-
rates sensory nerve conduction slowing and myelinated fiber pathology in 
ZDF rats. Further studies on the possible interaction between angiotensin II 
and insulin signaling systems in peripheral nerves would help elucidate the 
mechanisms underlying the beneficial effects of RAS blockade on diabetic 
peripheral neuropathy.
Supported in part by a grant from DAIICHI SANKYO COMPANY, LIMITED

1146
Loss of glyoxalase-1 promotes hyperalgesia in early diabetic neuropathy
S.B. Stoyanov1, T. Fleming1, P.M. Humpert1, S. Sauer2, N. Rabbani3,  
D. Edelstein4, P.J. Thornalley3, P. Reeh2, M. Brownlee4, P.P. Nawroth1,  
A. Bierhaus1; 
1Department of Medicine 1, University of Heidelberg, Germany, 2Institute 
for Physiology and Pathophysiology, University of Erlangen, Germany, 
3Warwick Medical School, University of Warwick, United Kingdom, 
4Departments of Medicine and Pathology, Albert Einstein College of 
Medicine, New York, United States.

Background and aims: Formation of intracellular Advanced Glycation End 
Products (AGEs) is thought to contribute to the development and progres-
sion of diabetic neuropathy. Reactive intermediates of AGE formation such as 
glyoxal, methylglyoxal (MG) and other dicarbonyl compounds are detoxified 
by the rate-limiting enzyme glyoxalase-1 (GLO-1). Due to their high energy 
demand, neuronal cells metabolize large amounts of glucose through oxida-
tive phosphorylation. This may explain why sciatic nerves from wildtype 
mice demonstrated particularly low levels of GLO-1 activity. However, this 
finding suggests that sciatic nerve may be particularly susceptible to high 
glucose-derived carbonyl toxicity. Therefore, we studied the contribution of 
GLO-1 and MG to functional changes in early diabetic neuropathy.
Materials and methods: Hyperalgesia was determined in healthy and diabet-
ic mice using Hot Plate, Hargreaves, and Tail flick assays. GLO-1 was studied 
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on the level of transcription (quantitative Real time-PCR), expression (West-
ern Blot and immunohistochemistry), and activity (enzyme-kinetic assay) in 
plasma, dorsal root ganglia (DRG) and sciatic nerve.
Results: Diabetes for 8 weeks reduced GLO-1 activity in sciatic nerve by 60%. 
A similar decrease occurred in non-diabetic heterozygous GLO-1-knock 
down mice (GLO-1-/+)-mice. Decreased GLO1 activity in both models was 
associated with increased hyperalgesia, which was paralleled by a 2-fold in-
crease in plasma and tissue MG. Application of GLO-1 inhibitors to sciatic 
nerve of wild-type mice also resulted in a significant increase in hyperalgesia, 
while overexpression of GLO-1 using somatic gene transfer reduced hyper-
algesia in both diabetic and non-diabetic GLO1 knockdown mice. Finally, 
i. p. injection of increasing concentrations of MG into healthy mice caused 
a significant increase in hyperalgesia within 3h, which could be reduced by 
overexpressing GLO-1.
Conclusions: These data demonstrate that glycotoxic substrates of GLO-1 
known to accumulate in diabetes play a central role in modulating neuro-
pathic pain.
Supported by: JDRF

1147
Exercise training retarded peripheral neuropathy symptoms with heat 
shock protein 72 overexpression in type 1 diabetic rats
Y.-W. Chen1, P.-L. Hsieh2, C.-H. Hung2; 
1China Medical University, Taichung, 2National Cheng Kung University, 
Tainan, Taiwan.

Background and aims: Diabetic patients may suffer from many complica-
tions, and one of the complications is diabetic peripheral neuropathy (DPN). 
Heat shock protein 72 (HSP72) has the neuroprotective function and could 
be induced from normal or streptozotocin (STZ)-induced diabetic rats with 
exercise training. Therefore, we hypothesize that exercise may induce HSP72 
overexpression in peripheral nerves and reduce the symptoms of DPN in 
STZ-induced diabetic rats.
Materials and methods: Male Wistar rats were randomly assigned to four 
groups: normal sedentary group, normal exercise group, and diabetic rats 
with/without exercise training group. The trained rats ran on a treadmill 5 
days/week, 30-60 min/day with an intensity of 20-25m/min from day 3 after 
STZ-administration. DPN were tested by the withdrawal responses to heat 
stimuli (thermal hyperalgesia) and to light touch stimuli (tactile allodynia). 
In addition, HSP72 expressions in sciatic and other peripheral nerves from 
each group were determined by western blot.
Results: Compared with normal sedentary group, normal exercise group 
showed no significant changes in allodynia and hyperalgesia. Exercise train-
ing modified the development of allodynia and hyperalgesia in type I diabetic 
rats. HSP72 expressions in sciatic and other peripheral nerves were signifi-
cantly greater in diabetic rats with exercise training than those without ex-
ercise training.
Conclusion: Exercise training performed significant lags in development of 
DPN and increased expressions of HSP72 in peripheral nerves.

Supported by: NSC 97-2314-B-039-015 and CMU97-189 of Taiwan

1148
Research about inhibition of MMP9 expression in dermal fibroblast by 
siRNA
X.Y. Xie, C. Yang, L. Yan; 
Department of Endocrinology and Metabolism, The Second Affiliated 
Hospital of Sun Yat-sen University, Guangzhou, China.

Background and aims: Chronic, nonhealing skin wounds are common 
with significant morbidity in uncontrolled diabetes. Matrix metalloprotei-
nases (MMPs) are zinc-dependent endopeptidases can degrade essentially 
all extracellular matrix components. Researches showed that MMPs activity 
elevated in diabetic foot, and the increased MMP9 has been confirmed to 
contribute to the vulnerability of diabetic skin and refractory of diabetic foot 
ulcer. Here to find a safe and effective way to decrease the high MMP9 expres-
sion in diabetic skin, we studied in inhibition of MMP9 expression in dermal 
fibroblast by siRNA in vitro.
Materials and methods: The changes of MMP9 distribution in skins of nor-
mal SD rats, STZ rats and STZ rats with skin wound were observed respec-
tively by immunohistochemistry. Fibroblasts were obtained from the dermis 
of 1-day-old normal SD rats. To induce the increased MMP9 expression, the 
cells were cultured in the DMEM medium with high concentration of glucose 
and homocystein. Finally, fibroblasts were transfected with siRNA complexes 
or only with transfection reagents (mock) using Lipofectamine 2000 under 
condition with at least 75% transfection rate and 85% cell viability, which 
was established by transfecting FITC-labeled GAPDH siRNA, determined by 
inverted fluorescence microscope and MTT. 24h, 48h and 72h after trans-
fection, RT-PCR, western blot and gelatin zymography for MMP9 were per-
formed respectively to detect the percentages of inhibition of MMP9 mRNA, 
protein expression and activity.
Results: MMP9 existed extensively in epidermal layers but was not detected 
in dermis in the skin of normal rats. In the skin of diabetic rats, there is an 
increased expression of MMP9, especially around the wound. Treatment with 
hyperhomocysteinaemia increased the production and enzymatic activity 
of MMP9 in fibroblast, which was further enhanced in high glucose treat-
ment (p<0.05). After a 24-h, 48-h and 72-h transfection with 40nmol/l of 
each MMP9-specific siRNA, significantly morphologic change of fibroblasts 
was not observed. RT-PCR, carried out in fibroblasts collected at different 
intervals, showed a remarkably reduction of MMP9 mRNA compared with 
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mock transfection (p<0.05), especially at 48h after that. Meanwhile, MMP9 
protein abundance and activity had the same trend according to the West-
ern blot and gelatin zymography results. Among the four MMP9 siRNAs, 
the sequence(5`-GGGCUUAGAUCAUUCUUCATT-3 3`-UGAAG AAU-
GAUCUAAGCCCAG-5) was selected out for its stable high inhibition rate.
Conclusion: The expression of MMP9 increased in the skin of diabetic rat, 
especially in the wound skin. MMP9 expression was inhibited remarkably af-
ter treated with MMP9 siRNA (p<0.05), especially at 48-h after transfection.

1149
Selective inhibition of disease-related thermal hyperalgesia by tapentadol 
in a mouse model of diabetic neuropathic pain
T. Christoph, J. De Vry, T.M. Tzschentke; 
Preclinical Research and Development, Grünenthal GmbH, Aachen, 
Germany.

Background and aims: Selective inhibition of pathological pain sensation 
without modification of normal sensory function is the primary aim of an-
algesic treatment in chronic neuropathic pain. Tapentadol [(-)-(1R,2R)-3-(3-
Dimethylamino-1-ethyl-2-methyl-propyl)-phenol] is a novel analgesic with 
two modes of action, µ-opioid receptor (MOR) agonism (Ki = 0.1 µM for rat 
MOR binding) and noradrenaline (NA) reuptake inhibition (Ki = 0.5 µM for 
rat synaptosomal NA reuptake inhibition).
Materials and methods: Diabetic mice (streptozotocin-induced) and non-
diabetic controls were tested by means of a 50°C hot plate to determine neu-
ropathic hyperalgesia and normal nocifensive response.
Results: Tapentadol HCl (0.1-1 mg/kg iv) and morphine HCl (0.1-3.16 mg/
kg iv) dose-dependently attenuated heat-induced nociception in diabetic 
animals with full efficacies attaining >80% at the highest doses tested. Tap-
entadol was more potent as compared with morphine on heat hyperalgesia 
(ED50 values [minimal effective dose], 0.32 (0.316) and 0.65 (1) mg/kg, re-
spectively). Non-diabetic controls did not show significant anti-nociception 
with tapentadol up to the highest dose tested (1 mg/kg). In contrast, 3.16 
mg/kg morphine, the dose that resulted in full anti-hyperalgesic efficacy un-
der diabetic conditions, showed significant anti-nociception in non-diabetic 
controls.
Conclusion: Selective inhibition of disease-related hyperalgesia by tapenta-
dol suggests an advantage in the treatment of chronic neuropathic pain when 
compared with classical opioids, such as morphine. It is hypothesized that 
this attractive efficacy profile of tapentadol is due to simultaneous activation 
of MOR and inhibition of NA reuptake.
Supported by: Grünenthal GmbH

PS 105 Diabetic foot
1150
Prevalence of undernutrition in diabetic foot unit
E. Lecornet, N. Masseboeuf, M. Baudot, C. Veyrie, F. Bouilloud,  
A. Grimaldi, A. Hartemann-Heurtier; 
Service de Diabétologie, GH Pitié-Salpêtrière, Paris, France.

Background and aims: Patients hospitalized for diabetic foot are at risk of 
undernutrition because of infection, antibiotherapy, ischemia, old age (>70 
years old), renal failure or dialysis, gastroparesis, multiple hospitalizations, 
social problems and psychiatric disease. Undernutrition is an important 
factor of delayed cicatrisation, nevertheless its prevalence in diabetic foot is 
unknown. The aim of this study is to evaluate nutritional status in patients 
hospitalized for diabetic foot.
Materials and methods: We studied prospectively 252 consecutive patients 
hospitalized in our podology unit. Patients with hemodialysis, hepatic failure 
and nephrotic syndrome were excluded. According to international recom-
mendations, diagnosis of undernutrition was established by the presence of 
one of the following criteria:
- clinic: loss of weight more than 10% (or 5% in the last month), BMI < 17 or 
20 kg/m² ( respectively for people < or > 70 years old),
- biologic: albumin < 30g/l, prealbumin < 110mg/l (for patients without in-
flammatory syndrome defined by CRP<15mg/l)
- clinico-biological scores
o age < 70 years old: Nutritional Risk Index NRI = 1,519 x albuminemia (g/
l)+0,417 x (measured weight/usual weight)/100
o age > 70 years old: Mini Nutritional assessment MNA, well validated.
Results: Our patients’ caracteristics were: 74.7% male, aged 63 ± 12 years old, 
35% older than 70, HbA1c=8.2 ± 2%, BMI=26 ±5 kg/m², diabetes duration: 
19 ±12 years, type 2 diabetes 85%, grade 3 wound 70%, peripheral arterial 
disease 60%, infection 90% (osteomyelitis 70%), lower limb amputation 6%, 
length of staying: 25 ±16 days. Among 252 patients, 81 (32%) were malnour-
ished, with 43 (17%) moderately malnourished and 38 (15%) severely mal-
nourished. Patients’ loss of weight before hospitalization was 2.4 ± 6.0%. This 
study shows that 61.5% had inflammatory syndrome (CRP>15mg/l), 8,7% 
had lost more than 10% of their weight, 31.3% had albumin below 30g/l. We 
compared malnourished patients to normal patients: they were older (69 vs 
61 years old, p<0.01), hospitalization was longer (29 vs 23 days, p<0.01), they 
were slimmer (weight= 72 vs 83kg, p<0.01, BMI = 25 vs 28, p<0.01), albumin 
was lower (30 vs 33g/l, p<0.01), foot wounds were more severe (grade D: 68 
vs 45%, p<0.01). There was no difference on HbA1c, diabetes duration, pre-
albumin, CRP, urea, proteinuria, glomerular filtration rate, weight loss dur-
ing hospitalization. Moreover patients with undernutrition died more during 
hospitalization: 7 (8.6%) vs 5(2.9%), p=0.046.
Conclusion: The prevalence of undernutrition in our podology unit was high 
despite 40% of the patients received nutritional oral supplementation. Un-
dernutrition is associated with more severe wounds and excess of mortality. 
Our study proves undernutrition must be considererd as an important part of 
treatment of diabetic patients hospitalized for foot wound.

1151
Prevalence of risk factors in the diabetic foot ulcer
R. Duarte, A.L. Costa, A. Valongo, I. Lessa, A. Recto, R. Oliveira, A. Castela, 
J.M. Boavida, J. Raposo; 
Diabetic Foot, Portuguese Diabetes Association, Lisbon, Portugal.

Background and aims: Foot ulcers and lower limb amputations are the main 
consequences of diabetic foot complications. Around 85% of amputations 
start with foot ulcers, therefore having a significant increase on morbidity 
and mortality in this population.
Prevention programs on the diabetic foot can reduce the incidence of ulcera-
tion and lower limb amputations, as well as its socio- economic impact.The 
aim of this study was to determine the prevalence of risk factors for foot ul-
cers in diabetic patients that were observed in a 1st visit at the Portuguese 
Diabetic Association (APDP).
Materials and methods: In this observational study we evaluated the risk 
factors for foot ulcer, according to the clinical records of diabetic patients that 
required 1st time assistance at APDP, during the period of January through 
December 2007. All this patients were evaluated for the presence neuropathy, 
peripheral vascular disease, foot deformations and major nail alterations.
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Results: We have studied 1048 patients, 495 (47,2%) female and 553 (52,8%) 
male, with an average age of 60,6 years old (Median 62 years old); 67 (6,4%) 
with type 1 diabetes, 925 (88,3%) with type 2 diabetes and 56 (5,3%) with 
other type of diabetes. 16,3% of patients had HbA1c equal or inferior to 6,5%, 
with a an average duration of disease of 11 years (Median 7 years of average 
duration of disease). We found foot deformations in 498 (47,5%) patients, 
hyperqueratosis in 522 (49,8%) and previous ulceration in 211 (20,1%) pa-
tients. It was also recorded an impairment in the vibratory sensibility, using 
128 Hz tuning fork in 101 (9,6%) patients and using the Semmes-Weinstein 
monofilament, neuropathy was present in 168 (16,0%) patients. According to 
degree of risk using The International Consensus on The Diabetic Foot, we 
identified 67,5% of grade 0 patients, 16,0% with grade 1, 10,7% with Grade 2 
and 5,8% with grade 3.
Conclusion: The high prevalence of patients with a risk degree 1, 2 and 3 
found in the studied population stresses the importance and shows the need 
for the implementation of the right prevention strategies and foot evaluation 
programs, in the primary health care setting, therefore reducing the impact 
of this public health problem.

1152
Trends in lower extremity amputations in people with and without 
diabetes in England, 1996-2005
E.P. Vamos1, A. Bottle2, A. Majeed2, C. Millett2; 
1First Department of Internal Medicine, Semmelweis University, Budapest, 
Hungary, 2Department of Primary Care and Social Medicine, Imperial 
College London, United Kingdom.

Background and aims: To examine trends in non-traumatic lower extremity 
amputations over a 10-year period in people with and without diabetes in 
England.
Materials and methods: All individuals admitted to NHS hospitals for non-
traumatic amputations between financial years 1996 and 2005 in England 
were identified using hospital activity data. Associated postoperative and 
one-year mortality were examined from financial years 2000 to 2004.
Results: There was a reduction in minor and major non-traumatic lower 
extremity amputations during the study interval. The number of type 1 
DM- and non-DM-related minor lower extremity amputations decreased 
by 11.4% and 32.4%, respectively, while the number of type 2 DM-related 
minor amputations almost doubled. For major lower extremity amputations, 
there was a decline in number of type 1 DM- and non-DM-related proce-
dures by 41% and 22.4%, respectively, whereas type 2 DM-related amputa-
tions showed a consistent upward trend increasing by 83.5 %. Median length 
of stay decreased significantly in people with diabetes but remained consid-
erably longer than for patients without diabetes at the end of the study pe-
riod. Overall perioperative and one-year mortality rates did not significantly 
change between financial years 2000 and 2004 (7.7% to 7.5%, P=0.52 and 23.8 
to 23.5%, P=0.70).
Conclusion: The significant increase in lower extremity amputations in 
people with type 2 diabetes over the past decade has important financial 
and health planning implications. These findings highlight the importance 
of achieving further improvements in preventive care and management for 
lower extremity amputations in people with diabetes.
EPV is supported by an individual Marie Curie fellowship

1153
Remote areas of bone marrow oedema identified by magnetic resonance 
imaging in feet of subjects with diabetes presenting with neuropathic 
lesions are common but do not predict future Charcot neuroarthropathy
J. Valabhji1, E. Hui1, C. Thorning2, P.A. Tyler2, E.A. Dick2,  
W.M.W. Gedroyc2; 
1Department of Endocrinology, 2Department of Radiology, Imperial College 
Healthcare NHS Trust, London, United Kingdom.

Background and aims: We hypothesize that the spectrum of Charcot neu-
roarthropathy includes a subclinical phase characterised by bone marrow 
oedema on MRI without the classical clinical signs. We aimed to test the 
hypothesis by performing a retrospective cohort study to assess the preva-
lence of remote areas of bone marrow oedema on MRI of feet of subjects 
with diabetes presenting with neuropathic foot ulceration, in whom MRI had 
been requested to assess for underlying osteomyelitis. MRI findings were cor-
related with subsequent clinical outcome.

Materials and methods: All MRI scans previously performed to look for os-
teomyelitis associated with neuropathic foot lesions between February 2003 
and January 2009 were assessed by two independent radiologists who were 
not aware of subsequent clinical outcomes. A third radiologist adjudicated 
if there was discordance. The criteria for diagnosing osteomyelitis were hy-
perintense signal within the bone on T2 weighted images in continuity with 
abnormal high signal in the surrounding soft tissues which lead to the ab-
normal skin and subdermal area associated with the ulcer. Remote areas of 
hyperintensity in the bone not associated with the soft tissue abnormality and 
not in direct contiguity with areas diagnosed as osteomyelitis were recorded. 
Subjects in whom a diagnosis of Charcot was suspected clinically at the time 
of imaging were excluded.
Results: Seventy MRI studies of feet with neuropathic ulcers in 66 subjects 
with diabetes were assessed. A second study in the same subject was of the 
other foot. Of the 66 subjects (mean (standard deviation) age 64 (13) years; 
duration of diabetes 21 (14) years; HbA1c 8.6 (2.1) %; 48 (73%) male; 8 (12%) 
with Type 1 diabetes; 13 (20%) on renal replacement therapy), all had clinical 
evidence of a peripheral neuropathy. Of the 70 neuropathic lesions (66 forefoot 
and 4 hindfoot), 54 (77%) healed without any form of amputation. Osteomy-
elitis underlying the neuropathic lesion was present in 48 (69%). Remote areas 
of hyperintensity in bone were present in 21 studies (30%) (5 without and 
16 with concurrent osteomyelitis); in 20, the neuropathic lesion had involved 
the forefoot and the remote areas of hyperintensity involved the forefoot in 1 
study, the midfoot in 14, the hindfoot in 3 and the midfoot and hindfoot in 2; 
in 1 study, the neuropathic lesion had involved the hindfoot and the remote 
area of hyperintensity also involved the hindfoot. Subjects with remote areas 
of hyperintensity were younger (56 (13) vs. 67 (12) years; unpaired t-test p < 
0.001), were more likely to require renal replacement therapy (43% vs. 9%; 
Fisher’s exact test p = 0.002) and were non-significantly more likely to have 
Type 1 diabetes (24% vs. 7%; p = 0.098). Mean duration of follow-up post-
MRI was 17 (14) months. Charcot neuroarthropathy subsequently developed 
in only 1 of the 70 feet studied, 19 months following the index MRI which had 
not demonstrated remote areas of hyperintensity or osteomyelitis.
Conclusion: Remote areas of hyperintensity on MRI consistent with bone 
marrow oedema in feet of subjects with diabetes and neuropathic lesions are 
common. While the bone marrow oedema may be consistent with a subclini-
cal Charcot process, it did not predict future clinical Charcot neuroarthropa-
thy.

1154
Charcot neuroosteoarthropathy in patients with pancreas-kidney 
transplantation and pancreas transplant alone
R. Bem, A. Jirkovská, M. Dubský, R. Kožnarová, F. Saudek, M. Adamec; 
Diabetes Centre, Institute for Clinical and Experimental Medicine, Prague, 
Czech Republic.

Background and aims: Charcot neuroosteoarthropahy (CNO) is a deform-
ing and destructive process of the foot that can lead to increased morbidity 
in patients with diabetes. Pancreas-kidney transplantation (PK) and pancreas 
transplant alone (PTA) could have potential both decreased by improved 
glycaemic control, renal function and perhaps even improved vascular com-
plications and increased risk of by corticosteroids used in early period after 
transplantation or for the treatment of rejection, but also by higher level of 
walking activity. The role of diabetic neuropathy, bone disorders and other 
predisposing factors developed before transplantation may also play a key 
role. The aims of our study were to evaluate the presence of CNO before and 
after PK transplantation and PTA and to assess possible difference between 
those two types of pancreas transplantation.
Materials and methods: All diabetic patients, in whom PK or PTA was per-
formed in our Institute from May 1993 to December 2008, were included 
into our retrospective study. The study group consisted of 318 patients (279 
PK transplantation and 39 PTA) with mean age at the time of transplantation 
42.5±9.0 years and mean duration of diabetes 25.6±8.0 years. The presence 
of CNO before transplantation was assessed retrospectively from medical 
records, after transplantation all patients were regularly followed in foot clinic 
and the diagnosis of acute CNO was based on standard criteria. The mean 
follow-up period was 71.4±48.4 months after transplantation.
Results: There was no significant difference between manifestation of CNO 
in all patients before and after transplantation - 24/318 (7.5 %) vs. 23/318 
(7.2%), the recurrence of CNO was seen in 6 cases. Patients with PK trans-
plantation and PTA did not differ significantly in the frequency of CNO ei-
ther before transplantation - 20/279 (7.2%) vs. 4/39 (10.6%) or during the 
follow-up period after transplantation - 22/279 (7.9%) vs. 1/39 (2.6%). There 
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were no significant differences between PK transplantation and PTA in pres-
ence of neuropathy and levels of glycosylated hemoglobin at the latest fol-
low-up visit.
Conclusion: The frequency of CNO did not change after transplantation ei-
ther PK transplantation or PTA. It is likely that other mechanisms play an 
important role in manifestation of acute CNO after transplantation than not 
only renal function and glycaemic control. PK transplantation and PTA did 
not increase risk of CNO in our study.
Supported by: MZO 00023001

1155
Differences in minor amputation rate in European foot centres are 
largely explained by differences in disease severity at presentation
P.L.H. van Battum, N.C. Schaper, L. Prompers, I. Ferreira, M.S.P. Huijberts, 
Eurodiale study group; 
Internal Medicine, Maastricht University Medical Centre, Netherlands.

Background and aims: Minor amputation is a frequent consequence of dia-
betic foot ulcers. So far, determinants of minor amputation have not been 
studied systematically and the current literature suggests that the incidence 
of minor amputation may vary significantly between centres and countries. 
We have therefore investigated: 1) the determinants of minor amputation; 
2) the differences in amputation rates between 14 centres from 11 European 
countries; and 3) the extent to which centre differences in amputation rates 
could be explained by differences in disease severity at presentation.
Materials and methods: We examined 1088 patients from the Eurodiale 
study, a prospective cohort study of patients with new diabetic foot ulcers 
who were followed, on a monthly basis, until healing, death, major ampu-
tation or up to a maximum of 1 year. Ulcers were treated according to in-
ternational guidelines. Patient, foot and ulcer characteristics were obtained 
at baseline and data on any minor amputation were collected on a monthly 
basis. Multiple logistic analyses were used to ascertain the baseline character-
istics independently associated with minor amputation. A severity score was 
then calculated, for each patient, on the basis of these characteristics. Finally, 
we examined the correlation between the amputation rates and the mean pa-
tient’s severity scores of each centre.
Results: 194 (18%) patients underwent a minor amputation. Baseline factors 
independently associated with minor amputation were, depth of the ulcer 
(OR=6.08, CI: 4.10-9.03), peripheral arterial disease (OR=1.84, 1.30-2.60), 
infection (OR=1.56, 1.05-2.30) and male sex (OR=1.42, 0.99-2.04). Minor 
amputation rate across centres varied between 2.4% and 34% and these rates 
were strongly associated with the patient’s severity score (figure 1: r=0.75).
Conclusion: Minor amputation is performed frequently in diabetic foot cen-
tres throughout Europe and primarily determined by depth of the ulcer, PAD, 
infection and male sex. Differences between the different European centres 
can be explained, to a great extent, by differences in patient’s level of disease 
severity at presentation. Our findings suggest that amputation rates should 
not be used as an indicator of quality of care, given the large variance in pa-
tient’s initial disease severity across centres, which may also be related to re-
gional or national differences in health care organisation.

1156
Using record linkage of claims data to determine incidence of 
amputations in patients with and without diabetes mellitus in Austria
I. Rakovac1, P. Beck1, W. Habacher1, L. Schmidt1, G. Klima2, A. Knopp2, 
U.M. Roth3, A. Siebenhofer4, T.R. Pieber1,5; 
1Inst of Medical Technologies and Health Management, Joanneum Research, 
Graz, 2Steiermärkische Gebietskrankenkasse, Graz, 3Gesundheitsfonds 
Steiermark, Land Steiermark, Graz, 4Institute for Medical Informatics, 
Statistics and Documentation, Medical University of Graz, 5Department of 
Endocrinology and Nuclear Medicine, Medical University of Graz, Austria.

Background and aims: To determine the incidence of minor and major 
amputations in persons with and without diabetes mellitus in the Austrian 
province of Styria.
Materials and methods: Styria is a province in Austria with 1.2 million in-
habitants. A record linkage was performed using claims data from the year 
2005 from the local insurance fund (covering approximately 70% of the Styr-
ian population) and all publicly financed Styrian hospitals. Persons with dia-
betes were identified as those with claims relating to at least one prescription 
for anti-diabetic medicine (ATC class A10) or those with diabetes diagnoses 
present in hospital claims (ICD 10 codes E10-E14). Amputations were iden-
tified by means of Austrian procedure codes for inpatient services (MELs) 
(Major amputation: MEL 4227 femoral amputation and MEL 4408 shank 
amputation; minor amputation: MEL 4549 other surgery - foot, metatarsus, 
toes and MEL 4551 large amputation, exarticulation not covered by other 
codes). Amputation was classified as traumatic, if the main ICD 10 coded 
discharge diagnosis was included in the groups ’S’,’T’,’V’, ’W’,’X’ or ’Y’ indicat-
ing a trauma as cause for hospitalisation.
Results: In 2005, ambulatory claims from 835,403 persons were available 
for analysis. Crude prevalence of anti-diabetic medication prescriptions was 
3.56%. 138,342 persons were admitted a total of 218,517 times to hospitals. 
Among persons with at least one hospital admission, crude prevalence of 
diabetes was 7.85%. Using both data sources, a crude diabetes prevalence 
of 3.84% was estimated. Mean age was 66.6 ±14.4 years and 37.7 ±22.0, for 
persons with and without diabetes, respectively. Crude incidence of amputa-
tions (number of persons with at least one amputation per100,000 persons) 
is shown in table. 

Without diabetes With diabetes Overall
Any amputation 38.5 742.1 65.5
Any non-traumatic amputation 33.0 723.4 59.5
Non-traumatic major amputation 6.7 243.2 15.8
Non-traumatic minor amputation 26.9 536.3 46.4
Any traumatic amputation 5.7 28.1 6.6
Traumatic major amputation 0.7 9.4 1.1
Traumatic minor amputation 5.0 18.7 5.5
Table: Incidence of amputations per 100,000 persons.

Logistic regression models, with age, diabetes status and gender as dependent 
variables were fitted. Males and females with diabetes had, respectively, 12.8 
and 5.3 fold increased risk for any amputation, compared to males or females 
without diabetes.
Discussion: Record linkage of health care data can be used to assess inci-
dence rates and quality of care. Incidence of major lower limb amputations is 
cumbersome high for patients with diabetes mellitus in our region of Austria. 
Tailored programmes for tertiary prevention with the aim to reduce major 
amputations in diabetic subjects are urgently needed.

1157
Efficacy and safety of recombinant human platelet-derived growth factor 
gel for diabetic neuropathic foot ulcers: a systematic review
J. Shi, T. Chen, H. Tian; 
West China Hospital of Sichuan University, Chengdu, China.

Background and aims: To assess the efficacy and safety of recombinant hu-
man platelet-derived growth factor (rhPDGF) gel for diabetic neuropathic 
foot (DNF).
Materials and methods: We electronically searched MEDLINE, EMBASE, 
Evidence-Based medicine Review(Cochrane DSR, ACP Journal Club, DARE, 
and CCTR), China National Knowledge Infrastructure (CNKI) and VIP da-
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tabase to July 2008 for randomized controlled trials (RCTs). Mata-analyses 
were performed with the RevMan 5.0 software from Cochrane Collabora-
tion.For numeration data, Relative risk (RR) was used as the statistic of cura-
tive effect.Each effect number was demonstrated by 95% confidence interval 
(CI).Heterogeneity amongst trials was assessed by both Chi-square test and 
I-square test with a 10% level and a 50% level of statistical significance re-
spectively.
Results: Six randomized controlled trials involving 1181 patients were in-
cluded. Meta-analysis showed that, compared with controls, patients treated 
with rhPDGF at 100 ug/g had a significantly increase in complete healing rate 
[RR 1.36, 95%CI (1.16, 1.58)], while patients with rhPDGF at 30 ug/g didn’t 
show an increased rate [RR 1.38, 95%CI (0.76, 2.50)]. rhPDGF gel (100 ug/g) 
was likely to decrease the time to complete healing and reduces the size of the 
ulcer more effectively. Moreover, rhPDGF gel did not cause apparent adverse 
effects and was relatively safe for use.
Conclusion: The currently available evidence indicated that rhPDGF gel can 
increase complete healing rate of DNF, shorten the time of complete healing 
and be helpful to shrink ulcer surface. rhPDGF gel has no apparent adverse 
effects.
Supported by: Department of Endocrinology and Metabolism,West China Hos-
pital, Sichuan University

1158
The cost of treatment of neuropathic diabetic foot ulcers to healing
B. Sørgård1, E. Aas2,3, O. Johansen1; 
1Asker and Baerum Hospital, Rud, 2Oslo University Hospital, Aker, 
3University of Oslo, Norway.

Background and aims: The burden of diabetic foot ulcers (DFU) is high, also 
in economic terms. We calculated the direct costs associated with the treat-
ment of neuropathic DFUs.
Materials and methods: Costs for all resources used (outpatient visits, lab 
test, swabs, diagnostic procedures, transportation, hospitalisation, antibiot-
ics, topical treatment, orthopaedic appliances, home care) in the treatment of 
DFU among 12 patients (mean/average age 65, 10 male, 10 type 2 diabetes) 
referred to a diabetes outpatient clinic in a tertiary hospital in southern Nor-
way covering a population of 150000 inhabitants, was collected until healing. 
The total cost, unit costs and cost in relation to ulcer severity according to the 
University of Texas system for ulcer classification, was calculated.
Results: Average (min, max) healing time was 19 (4,61) weeks. The total di-
rect cost for treatment of neuropathic DFU was Euro 5460. Outpatient vis-
its accounted for 29 % of total costs whereas orthopaedic appliances 28%, 
hospitalisation 20 %, topical treatment 11 %, antibiotics 11% and home care 
6%. Diagnostic procedures, transportation, lab tests and swabs only account-
ed for a marginal part of total costs (Figure 1). In relation to ulcer sever-
ity, costs where significantly higher for ulcers Texas grade B (n=5) than for 
those with grade A (n=7), Euro 10483 and 1871 (p=0.012) respectively. There 
was a strong correlation between total costs and time to healing (spearmans 
ρ=0.688, p=0.013)
Conclusion: The treatment of neuropathic DFU is associated with high costs, 
and time to healing and ulcer severity is cost raising factors. Seeing that even 
less severe DFU constitutes a significant economic burden, the importance of 
prevention is underpinned. 

1159
Infected diabetic foot: use of actovegin to accelerate wound healing
R.M. Parhimovich1, W.T. Krivikhin2, O.S. Ambrosimova2, D.W. Krivikhin2, 
I.J. Lazarev2; 
1Diabetology, Mosсow Regional Research Clinical Institute, 2Mosсow 
Regional Center “Diabetic foot”, Russian Federation.

Background and aims: Actovegin is deproteinized hemoderivative of calf 
blood with low-molecular peptides and nucleic acid content. It is known as 
antihypoxant, activator of cell metabolism and tissues regeneration.We aimed 
to assess clinical efficacy of actovegin use on wound healing after surgical 
treatment of purulent necrotising form of diabetic foot (DF).
Materials and methods: Two matched group of type 2 diabetes (mean 12,3 
and 13,1 years duration) patients with infected DF and necrotising lesion 
were operated. Toes or forefoot (transmetatarsal) amputation were made in 
80% of patients and necrectomy - in 20% in each group. The postoperative 
wounds were left without sutures and healed by secondary intention. Stand-
ard care including wound, diabetes and infection treatment was given to all 
patients. Besides, after operations for patients of the trial group (“A-group”) 
Actovegin was administered via IV infusion 2 g \ day in 0,9% saline during 
15 days with following one month oral administration 600-1200 mg\day. A-
group consisted of 41 patients (mean age 60,3 years, 14 male) included: 17 
patients with neuropathic DF (NDF), 15 - with neuro-ischaemic DF (NIDF) 
and 9 - with ischemic DF (IDF). Control group - 27 patients (mean age 54,5 
years, 9 male) included: 12 patients with NDF, 11 - with NIDF and 4 - with 
IDF. All patients presented comorbidity: arterial hypertension, ischaemic 
heart disease,prevalently. Standard examination included wound healing 
evaluation and TcpO2 measurement on the foot on 5-7th and 14-17th days 
after operation.
Results: Pre-therapy mean data of TcpO2 (mmHg) in patients of control and 
A-group were accordingly: NDF - 61,2 - 56,8 ; NIDF - 38,4 - 42,6; .IDF - 12,8 
- 14,2. On 5-7 and 14-17 postoperative days TcpO2 significant increased in 
A-group patients and mean data were accordingly: in NDF - 60,2 - 62,8, in 
NIDF 52,9 - 59,7 ; in IDF 15,7 - 20,6 mmHg. TcpO2 in control group did 
not change significantly during postoperative days. The inflammation mark-
ers (local swelling, infiltration, hyperemia) disappeared 2-times earlier than 
in control in NDF and NIDF patients from A-group; such acceleration in 
IDF patients was less pronounced . Granulation appeared 3-times earlier in 
patients with NDF and NIDF receiving actovegin; the days of granulation 
appearing (mean data) in control and A-group patients were accordingly: in 
NDF patients 9,2 - 3,02; in NIDF 12,8 - 4,6; in IDF 19,4 - 12,8th. Accelera-
tion of the epithelialisation in A-group was not so pronounced; days of the 
epitelialisation beginning in control and A-group patients were accordingly: 
in NDF 11,6 - 8,6; in NIDF 13,2 - 9,1; in IDF 23,2 - 18,2th.
Conclusion: Actovegin administration significantly accelerates healing of 
wound (2- times earlier sign of inflammation disappeared and 3-times earlier 
granulation beginned) after operation performed in neuropathic and neuro-
ischaemic diabetic foot with purulent, necrotic lesion. Effect of actovegin on 
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wound in ischaemic diabetic foot was less pronounced, but significant. The 
revealed improvement of tissue oxygenation may be one of the possible ex-
planation for beneficial effect of actovegin on wound healing.

1160
Use of outpatient intravenous antibiotic therapy for the treatment of 
diabetic foot ulcers
N. Wijenaike, H. Marath, H. Abdulla, S. Gururaj, J. Whatling; 
Diabetes & Endocrinology, West Suffolk Hospital NHS Trust, Bury St 
Edmunds, United Kingdom.

Background: Foot ulcers complicating diabetes lead to hospital admis-
sion and prolonged length of stay. Parenteral out patient antibiotic therapy 
(OPAT) has been successfully used in clinical situations where protracted 
treatment is indicated. The experience of it’s use in diabetic ulcers in United 
Kingdom is limited.
Methods: 18 patients requiring parenteral antibiotic therapy were identified 
at the diabetic foot clinic between March 2008 and March 2009. We used 
peripherally inserted central catheters (PICC) lines to enable intravenous 
therapy at home in these patients. Duration of prior oral treatment averaged 
10 weeks. PICC line was inserted by a skilled technician and all patients un-
derwent inpatient training and observation for 72 hours. Antibiotics were 
selected on basis of convenience and sensitivity data. Teicoplanin was used in 
13 patients for ease of once daily administration and broad spectrum cover. 2 
patients received Co-amoxiclav initially before changing to Teicoplanin and 
3 had Ceftriaxone. Weekly review was arranged to prescribe antibiotics and 
monitor progress. Duration of therapy was 2 - 14 weeks with an average of 
8.5 weeks.
Results: 15 (83.4 %) patients demonstrated healing following 6 - 8 weeks of 
therapy. 3 (16.6%) patients had minimal improvement after 6 weeks and two 
were referred to vascular surgeons. In 3 patients training was not feasible and 
received treatment at home administered by district nurse. One patient who 
left the area was lost to follow up. No line infections occurred.
Conclusion: PICC lines enabled safe and effective outpatient administration 
of intravenous antibiotic therapy for prolonged periods. There were no is-
sues with compliance. 83.4 % percent demonstrated good progress or healing. 
This saved 675 hospital bed days with an estimated saving of £155,250.

PS 106 Somatic neuropathy - clinical
1161
Relationship between continuous variations of glucose levels and heart 
rate variability in patients with type 2 diabetes mellitus
F. Zaccardi1, D. Pitocco1, R. Nerla2, F. Infusino2, G.A. Sgueglia2, G.A. Lanza2, 
F. Crea2, G. Ghirlanda1; 
1Diabetes Care Unit, 2Institute of Cardiology, Catholic University, Rome, 
Italy.

Background and aims: Heart rate variability (HRV), a marker of autonomic 
dysfunction, is known to be impaired in type 2 diabetic patients and tight 
blood glucose control has been reported to improve HRV parameters in these 
patients. Recent data deriving from continuous glucose measurement in ani-
mal models of diabetes mellitus have suggested that HRV may be phasically 
influenced by blood glucose fluctuations. Whether this potentially relevant 
dynamic is present in humans is unknown.
Materials and methods: Seven type 2 diabetic subjects underwent simultane-
ous 24-hour ECG Holter monitoring and 24-hour continuous interstitial glu-
cose measurements by amperometric method with a needle electrode placed 
subcutaneously in the abdomen and acquiring data every 5 minutes (CGM, 
288 per day measurements). Then, in each patient we divided the 24h-ECG 
and 24h-CGM in three intervals of 8 hrs and analyzed: 1) glycemic variability 
indices (Standard Deviation [SD], Conga 1-5h, BG rate of change and Mean) 
of each interval; 2) HRV parameters (time and frequency domain) obtained 
from the analysis of the correspondent ECG; 3) the correlations between vari-
ability indices and HRV parameters.
Results: Data from 21 correspondent intervals evidenced that 24h-mean 
glucose level was significantly and positively associated with several HRV 
parameters (SDNN-i, r-MSSD, pNN50, Band 2, Band 3, Band 4; highest cor-
relation with pNN50, 0.63; p=0.002), as was SD (SDNN-i, r-MSSD, pNN50, 
Band 1, Band 2, Band 3; highest correlation with Band 2, 0.60; p=0.004). 
Moreover, BG rate was positively associated with SDNN, SDNN-i, r-MSSD, 
pNN50, Band 1, Band 2, Band 3, Band 4 (highest correlation with Band 
3, 0.66; p=0.001), while, among CONGA1-5h, the highest correlation was 
found between CONGA5h and Band 3, 0,62; p=0.002.
Conclusion: To our knowledge, this is the first human study that demon-
strates a short-term effect of glucose level on autonomic modulation of heart 
function. Moreover, as glycemic variability strongly correlated with HRV, 
this finding could explain recent data evidencing an excess of mortality in 
subjects treated intensively who are more likely to experience rapid glycemic 
excursions.

1162
The association between sudomotor dysfunction assessed by the 
indicator plaster Neuropad with foot ulceration in diabetes
N. Tentolouris, S. Liatis, C. Voulgari, E. Diakoumopoulou, I. Eleftheriadou, 
K. Alexiadou, N. Katsilambros; 
1st Department of Propaedeutic Medicine, Athens University Medical 
School, Laiko General Hospital, Greece.

Background and aims: To examine the relationship between sudomotor dys-
function assessed by the Indicator Plaster Neuropad (IPN) and foot ulcera-
tion (FU) in patients with diabetes.
Methods: A total of 321 patients with either type 1 or type 2 diabetes (211 
without and 110 with FU; mean age: 62±10 years) were recruited in this 
cross-sectional study. Assessment of PN was based on neuropathy symptom 
score (NSS), neuropathy disability score (NDS), vibration perception thresh-
old (VPT) and 10g-monofilament perception. Sudomotor dysfunction was 
assessed using the IPN.
Results: Patients with FU had significantly longer duration of diabetes, lower 
values of ankle-brachial pressure index, higher values of VPT, NSS, NDS and 
monofilament score in comparison with patients without FU. Sudomotor 
dysfunction, assessed by abnormal result of the IPN, was significantly more 
common in the FU group (94.5%) in comparison with the group without FU 
(50.2%). Multivariate logistic regression analysis after adjustment for gender, 
body mass index, duration of diabetes, glycemic control and ankle-brachial 
pressure index, demonstrated that the odds (OR, 95% confidence intervals) 
of FU increased with measures of neuropathy such as NDS >6 (12.18, 6.96-
21.29), VPT >25 Volts (23.86, 11.19-50.87), monofilament score <3 (7.64, 
3.88-15.02) but was also significantly increased with abnormal IPN result 
(17.33, 7.28-41.27) (P<0.001).
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Conclusion: Sudomotor dysfunction assessed by the IPN is associated with 
increased risk of FU and may be included in the screening tests for identifica-
tion of the diabetic patients at risk for this complication.

1163
The diabetic neuropathy in Mongolia
S. Sainbileg1, J. Suvd1, G. Tsagaankhuu2, K. Altaisaikhan1; 
1Department of Endocrinology, 2Department of Neurology, School of 
Medicine, Health Sciences University of Mongolia, Ulaanbaatar, Mongolia.

Background and aims: The aims of this study were to evaluate the diabetic 
neuropathy and risk factors of diabetic neuropathy among type 2 diabetic 
patients.
Materials and methods: This study included 285 type 2 diabetic patients 
(146 male, 139 female), with a mean age of 58.81±11.03 years and a mean 
diabetes duration of 5.06±5.68 years. The Diabetic Peripheral Neuropathy 
(DPN) was diagnosed by means of International Guidelines on the Out-
patient Management of Diabetic Peripheral Neuropathy by Neurodiab. The 
DPN assessment was included brief questionnaire and clinical examination 
(deformities, dry skin, callus, infection and ulceration). Nerve damage ex-
amined by 128-Hz tuning fork, 10-g monofilament, pin prick, cotton wool, 
temperature sensation, muscle strength and achilles reflexes. The Diabetic 
Autonomic Neuropathy (DAN) was diagnosed by means of Position State-
ments from the American Diabetes Association and American Association of 
Neurology. The DAN diagnosed by brief questionnaire and clinical testing of 
Cardiovascular Autonomic Neuropathy (CAN) such as Expiration : Inspira-
tion ratio (E:I ratio), Valsalva ratio or maneuver (VR), Heart rate response to 
standing (30:15 ratio) and Orthostatic Hypotension (OH).
Results: DPN and CAN were 178(68.0%) and 107(52.7%). Symptoms of 
genitourinary and gastrointestinal autonomic neuropathy were 72.5% and 
43.7%. Sudomotor autonomic neuropathy and Impotentia in male were in 
87.3% and 74.2%. diabetic patients. People with no clinical (Stages 0/1), clini-
cal (Stage 2) and late complications of clinical (Stage 3) DPN were 84(32.1%), 
138(52.7%) and 40(15.3%). Abnormal E:I ratio, VR, 30:15 ratio and OH were 
in 20(9.8%), 132(64.7%), 125(61.6%), and 44(21.7%) diabetic patients. Risk 
factors for development and progression of neuropathy such as poor glycemic 
control, hypertention and hyperlipidemia were 239(88.5%), 139(48.8%) and 
129(52.7%). Number of cigarette smoking and alcohol consumption patients 
were 59(22.5%) and 61(23.3%). Mean duration of diabetes was different be-
tween groups with DPN and without DPN (5.86±6.01 vs 4.01±5.14 p<0.05). 
DPN related with duration of diabetes (r =0.23 p<0.01). Groups with CAN 
and without CAN were different for age and mean duration (63.94±9.24 vs 
57.45±11.24 p<0.01), (6.36±7.31 vs 4.02±3.89 p<0.01). CAN related with age 
of patients and duration of diabetes (r =0.25 p<0.01 and r =0.225 p<0.01). 
Result of our study revealed that main differences between male and female 
sex were incontinence (91.4% vs. 77.4% p<0.05), sexual dysfunction (74.2% 
vs 26.7% p<0.01) genitourinary infections (43.1% vs. 76.5% p<0.01), dysness 
(20.7% vs. 47.6% p<0.01), and constipation (41.4% vs. 65.1% p<0.05).
Conclusion: The DPN and CAN in Mongolian type 2 diabetic patients were 
68.0% and 52.8%. One of most important risk factors for development and 
progression of diabetic neuropathy poor glycemic control was in 218(87.6%) 
patients. DN related with diabetes duration (p<0.01).

1164
Association of serum vitamins B12 levels with peripheral nerve 
conduction abnormalities in diabetic subjects
S. Ishrat1, S. Satter2, F. Jebunnesa2, N.B. Bhowmik3, L. Ali2; 
1Dept of Biochemistry, 2Dept of Biochemistry & Cell Biology, 3Dept of 
Neuromedicine, BIRDEM, Dhaka, Bangladesh.

Background and aims: Diabetic neuropathy (DN) is a syndrome whose 
component disorders are still not adequately classified and the complex 
interaction of various metabolic, nutritional and morphological factors in 
producing the underlying disorders are not yet fully understood. Vitamin 
B12 is an important nutrient in maintaining proper nerve function and pe-
ripheral neuropathy related to its deficiency is a major confounder of dia-
betic polyneuropathy of somatic origin. Diabetic patients in Bangladesh with 
symptoms of DN are routinely given vitamin B Complex supplementation, 
but evidence for the association of vitamin B status with nerve conduction 
parameters in diabetic case are still rare. In the above context, the present 
study was undertaken to investigate the site and nature of nerve dysfunction 

in diabetic subjects and to explore the association of serum vitamin B12 with 
DN in general as well as with individual nerve conduction parameters
Materials and methods: A group of 33 type 2 diabetic subjects with DN and a 
control group of 22 type 2 diabetic subjects with non-DN, matched for glycemic 
status as determined by HbA1c levels, were investigated for their NCV param-
eters and serum vitamin B12 levels. DN was confirmed by electrodiagnosis and 
type 2 DM was diagnosed by OGTT following WHO criteria. NCV was meas-
ured by EMG equipment and vitamin B12 was estimated by fluorescent based 
immunosorbent assay, HbA1c was measured by a dedicated HPLC. Serum glu-
cose (Glucose Oxidase) and serum lipids (Enzymetic method) were also meas-
ured. Anthropometric measurements were done by standard techniques.
Results: Compared to Non-DN subjects, the DN ones showed higher Ud La-
tency (msec, M± SD, 3.18±0.944 vs 5.28±2.32, p=<0.001), lower PCAMP(µV, 
4.28±1.71 vs 2.20±1.40, p<0.001), lower PNCV (m/sec, 47154±3.40 vs 
40.96±6.37, p<0.001), higher SUD latency (msec, 2.11±0.54 vs 2.40±0.24, 
p<0.05) and lower sensory UNCV (m/sec, 46.91±4.09 vs 42.92±5.94, 
p=0.005). The DN group had significantly higher age (yrs, M±SD, 38.88±11.19 
vs 27.27±7.12; p=<0.001) and BMI (kg/m2, M±SD, 25.30±3.74 vs 23.25± 2.12; 
p=0.012) compared to Non-DN groups. TG level was also higher in the DN 
as compared to Non-DN subjects. Serum vitamin B12 levels were significantly 
higher in the DN group as compare to the Non-DN one. On simple correla-
tion, in the two separate groups, Vitamin B12 did not show any significant 
association with any of the nerve conduction parameters. However, there was 
a significant association of vitamin B12 with Mud Latency (p=0.016), PNCV 
(p=0.002), Sud Latency (p=0.037) and SSNAP (p=0.051) when all the sub-
jects were pooled as a Diabetic group. On Logistic regression analysis the 
DN showed significant positive association (P<0.001) with serum vitamin B12 
when the effects of age, BMI and TG were adjusted. On Multiple regression, 
vitamin B12 status was found to have significant association with Mud La-
tency (p=0.038), PNCV (p=0.005) and SSNAP (p=0.045).
Conclusion: a) Duration of DM (as reflected by higher age), body weight and 
TG are important determinants of neuropathy in type 2 DM subjects. b) Both 
ulnar (mainly motor function) and peroneal nerves (motor as well as sensory 
functions) are affected in middle aged type 2 DM patients, were as sural nerve 
are least affected and c) Serum B12 levels have an association with type 2 DM 
subjects and the vitamin seem to affect the ulnar and peroneal nerves.
Supported by: IPICS and BADAS

1165
Cerebral metabolic abnormalities in diabetes; a clue to the pathogenesis 
of thalamic neuronal dysfunction in diabetic neuropathy. A proton MR 
spectroscopic (H-MRS) study
D. Selvarajah1, I.D. Wilkinson2, R. Gandhi1, C.J. Emery1, S. Tesfaye1; 
1Diabetes Research Unit, 2Academic Unit of Radiology, University of 
Sheffield, United Kingdom.

Background and aims: The thalamus plays an important role in somatosen-
sory perception and H-MRS studies have demonstrated thalamic neuronal 
dysfunction in diabetic neuropathy (DN). Understanding the pathological 
changes that lead to thalamic impairment is vitally important. In this H-MRS 
study we explore the role of glutamine/glutamate (Glx) and astrocytes in this 
process. Glutamate is the primary excitatory neurotransmitter in the central 
nervous system, and implicated in the induction of apoptosis in neurode-
generative diseases. In neuropathic pain syndromes, long-term increase in 
glutaminergic signaling in nociceptive pathways has been shown to result in 
central sensitization. Astrocytes play a crucial role in clearance of glutamate 
from the synaptic cleft, thereby preventing a toxic build up. Myoinnositol 
(mI) an astrocyte marker can also be assessed by H-MRS.
Materials and methods: Eighteen, right-handed, subjects with type-1 dia-
betes (no-DN=6, painful-DN=5, painless-DN=7) and 5 healthy volunteers 
(HV) underwent detailed neurophysiological assessments (NIS[LL]+7 tests). 
H-MRS evaluation of the thalamus was performed at 1.5T. Proton spectra 
were obtained from a single voxel using short echo-time technique (STEAM: 
TE=20ms, TR=300ms. Short TE results are expressed as the areas under the 
Glx and mI resonances relative to that of unsuppressed water.
Results: In the full sample of subjects with diabetes, unpaired t tests revealed 
significantly elevated thalamic Glx in subjects with diabetes [mean(SD) 
0.47(0.12)] compared with HV [0.27(0.13), p=0.001]. A one-way ANOVA 
revealed a main effect of group [HV, 0.27(0.14); no-DN, 0.53(0.13); DN, 
0.45(0.12)] on thalamic Glx levels (p=0.002). Post hoc pairwise comparisons 
showed that HV had significantly lower Glx in comparison with all diabetic 
subgroups [No-DN (p=0.001) and DN (p=0.006)]. There was no significant 
difference in Glx between diabetic subgroups.



S 452 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

Mean mI signal of subjects with diabetes [0.38(0.16)] was lower compared with 
HV [0.53(0.15); p=0.67]. DN subjects had the lowest mI levels [0.36(0.16)] 
compared with subjects with No DN [0.42(0.17)] and HV [0.52(0.15), ANO-
VA p=0.14]. mI levels in subjects with DN were significantly lower compared 
with HV (p=0.05)
Conclusion: This cross sectional study demonstrates abnormally high levels 
of thalamic Glx in subjects with diabetes compared to HV. mI levels were 
lower in subjects with DN suggesting decreased or dysfunctional glial func-
tion. This combination may represent a susceptibility to developing thalamic 
neuronal dysfunction or a generalised “diabetes effect”. Given the pathophysi-
ological importance of glutamate and neuroprotective role of astrocytes, fur-
ther prospective H-MRS studies are required to investigate the role of Glx 
and mI in DN.
Supported by: Diabetes UK

1166
Achilles tendon volume in type 2 diabetic patients with or without 
peripheral neuropathy: MRI study
N. Papanas1, N. Courcoutsakis2, K. Papatheodorou1, G. Daskalogiannakis2, 
E. Maltezos1, P. Prassopoulos2; 
1Outpatient Clinic of the Diabetic Foot at the Second Department of 
Internal Medicine, 2Department of Radiology and Medical Imaging, 
Democritus University of Thrace, Alexandroupolis, Greece.

Background and aims: There is evidence that diabetes may increase Achilles 
tendon (AT) thickness and stiffness, possibly predisposing to foot ulceration. 
Tendon thickening may be attributable to increased density of collagen fi-
bres as a result of chronic non-enzymatic glycation. However, the association 
between AT pathology and peripheral diabetic neuropathy has not been ad-
equately investigated. Therefore, the aim of the present study was to evaluate 
AT in type 2 diabetic patients with vs. without peripheral neuropathy using 
Magnetic Resonance Imaging (MRI).
Materials and methods: This study included 19 patients (group A, mean age 
63.9±7.4 years) with peripheral neuropathy and 19 patients (group B, mean 
age 63.6±6.1 years) without peripheral neuropathy, as well as 16 healthy 
age-matched controls (group C, mean age 61.6±8.4 years). Diagnosis of neu-
ropathy was based on clinical examination using the Diabetic Neuropathy 
Index. Neuropathy was diagnosed in patients with DNI score higher than 
2. Furthermore, moderate neuropathy was defined as DNI score 2.5-4.5 and 
severe neuropathy as DNI score 5-8. The maximum AT thickness and AT 
volume were measured in sagittal T1 weighted MRI images. AT volume was 
calculated by the sum of the tendon surface area of all contiguous sections 
multiplied by the slice thickness.
Results: Overall, diabetic patients had significantly (p<0.001) greater AT 
volume than controls (9742.0±2034.9 mm3 vs. 7323.8±1918.2 mm3). On the 
contrary, AT thickness did not differ between diabetic patients and controls 
(7.2±1.0 mm vs. 6.7±1.5 mm, p= 0.194). The difference in AT volume was 
observed both in men (p=0.030) and in women (p<0.001). AT volume was 
significantly greater in group A vs. C (9503.9±1764.8 mm3 vs. 7323.8±1918.2 
mm3, p=0.003) and in group B vs. C (9980.2±2297.3 mm3 vs. 7323.8±1918.2 
mm3, p<0.001), but there was no difference between groups A and B (p=0.469). 
Finally, in group A increased AT volume was significantly (p=0.041) associ-
ated with clinical severity of neuropathy.
Conclusion: Type 2 diabetic patients have increased AT volume as compared 
to controls. There is no difference in AT volume between patients with and 
without neuropathy. However, in neuropathic patients increased AT volume 
is associated with severity of neuropathy.

1167
New markers of diabetic neuropathy?
J.M. Pou1, J. Freixa2, J. Merce2, J. Jurado3, J. Ybarra4; 
1Dept. Endocrinology, Autonomous University, Barcelona, 2Dept. 
Biochemistry Autonomous University, Barcelona, 3IDIAP J Gol, ICS., Olot, 
Girona,, 4ICAMED Centro Medico Teknon, Barcelona, Spain.

Background and aims: The plasma levels of the N-terminal fragment of 
brain natriuretic peptide (NT-proBNP) recently gained extreme importance 
as marker of myocardial dysfunction in type 2 diabetes mellitus (T2DM). In 
a previous work, we observed that NT-proBNP levels also display a signifi-
cant association with the Diabetic Neuropathy (DPN), even after correction 
for age and cardiovascular disease (CVD). Scarce data is available regarding 

the association between diabetic polyneuropathy (DPN) and other peptides 
as Transforming Growth Factor Beta 1 (TGFβ1) and Tumor Necrosis factor 
(TNF). TGFβ1 manifested several important roles in diabetic nephropathy 
and TNF in insulin resistantce but its relationship to DPN is not quite un-
derstood.
Materials and methods: Hence, we set forth a cross-sectional pilot study, to 
assess the hypothetical relationships between NT-proBNP, TNF and TGFβ1 
levels, CVD and DPN in a group of T2DM patients (N=190; W:46 %) ran-
domly selected from the North Catalonia Diabetes Study (NCDS). CVD and 
DPN (clinical and neurophysiology evaluation) prevalence were assessed. 
NT-proBNP was measured by immunoassay, total TGFβ1 by ELISA and TNF 
by inmunoassay.
Results: Patients’ age: 65.6±7.2, T2DM duration: 11.2±4.5 years, HbA1c: 
7.3±1.7; DPN: 48.6%. Log-transformed NT-proBNP levels (logNT-proB-
NP) were significanlly higher in T2DM patients with CVD (P<0.004) and 
DPN (P<0.000) and also log-transformed TGFβ1 (Log TGFβ1) was higher 
in CVD (p< 0.001) and DPN (p< 0.04) patients, but no differences was ob-
served in log-transformed TNF. Log NT-proBNP manifested an important 
correlation with log TGFβ1 (p<0.0001) and correlated with: age (P<0.001), 
microalbuminuria (p<0.03), CVD (P<0.000) and DPN (P<0.000) -even after 
correction for age and CVD (p<0.001)-. Log TGFβ1 correlated with creati-
nine (p<0.001), microalbuminuria (p<0.001), C-reative protein plasma levels 
(CRP) (p<0.02), CVD (P<0.006) and DPN (P<0.000) -even after correction 
for microalbuminuria, creatinine and CVD (p<0.014), but log TNFa only 
correlated to: age (0<01), BMI (0<0.1) and CRP (p<0.05) but not to CVD 
and DPN.
Conclusion: Noteworthy,TGFβ 1 and NT-proBNP plasma levels appear as 
important molecules for diabetic micro-angiopathic complications’ develop-
ment and screening although TNF could not play and important roler in dia-
betic neuropathy. Further prospective trials are warranted.
Supported by: Red de Metabolismo y Diabetes. 2006-07, FIS PI070340

1168
5% lidocaine medicated plaster vs pregabalin in patients with painful 
diabetic polyneuropathy (DPN): efficacy and tolerability results from a 
randomized, controlled trial
R. Baron1, G. Nell2, I. Steigerwald3, P.D. Rogers4; 
1Universitätsklinikum Schleswig-Holstein, Kiel, Germany, 2ClinPharm 
International GmbH, Vienna, Austria, 3Grünenthal GmbH, Aachen, 
Germany, 4St Mary’s Hospital, Portsmouth, United Kingdom.

Background and aims: Comparison of efficacy, tolerability and safety of 
topical 5% lidocaine medicated plaster with systemic pregabalin for the treat-
ment of neuropathic pain in patients with painful DPN.
Materials and methods: In a pan-European study, 213 patients with painful 
DPN were randomized 1:1 to 5% lidocaine medicated plaster or pregabalin 
(titrated to effect: 300 or 600mg/day). The safety set (SAF) comprised 210 
patients, the per protocol set (PP) 193 patients. Responder rates were meas-
ured as a ≥2 point reduction from baseline in NRS-3 or an overall score of 
≤4 after 4 weeks’ treatment. Additionally change in NRS-3 values and AEs 
were reported.
Results: Responder rates were comparable between lidocaine plaster and pre-
gabalin groups in patients with painful DPN (66/99, 66.7% vs. 65/94, 69.1%; 
PP). The NRS-3 decreased significantly by 2.5 points in both treatment 
groups (lidocaine plaster: 2.5+-2.0, pregabalin: 2.5+-1.8; baselines were lido-
caine plaster: 6.9+-1.3, pregabalin: 6.6+-1.2). Significantly fewer lidocaine 
plaster patients than pregabalin patients experienced drug-related adverse 
events: 3.8% (4/105) versus 36.2% (38/105) (p<0.0001). Overall, only 1.9% 
(2/105) patients administering 5% lidocaine medicated plaster experienced 
drug-related adverse events leading to discontinuation, compared with 21.9% 
(23/105) of patients treated with pregabalin.
Conclusion: 5% lidocaine medicated plaster delivers continuous analgesic 
therapy of neuropathic pain symptoms associated with DPN with low fre-
quency of drug-related adverse events and discontinuations. 5% lidocaine 
medicated plaster shows comparable analgesic efficacy to pregabalin with 
improved tolerability in patients with painful DPN.
Supported by: Grünenthal
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1169
Risk of microvascular events following initiation of insulin glargine or 
NPH insulin in type 2 diabetes in the US
L. Kennedy1, A. Vinik2, A. Chaudhuri3, G. Rhoads4, L. Vaur5, V.A. Fonseca6; 
1Cleveland Clinic, Cleveland, United States, 2Eastern Virginia Medical 
School, Norfolk, United States, 3SUNY at Buffalo, United States, 4University 
of Medicine and Dentistry of New Jersey, Piscataway, United States, 5sanofi-
aventis, Paris, France, 6Tulane University, New Orleans, United States.

Background: It is unknown if glycemic control with different insulins is as-
sociated with differential risk for subsequent microvascular events (ME).
Methods: A database of 47 US managed care plans was analyzed to deter-
mine the incidence of ME following initiation of glargine (GLAR, n=10,667) 
or NPH (n=2,009) in patients treated with oral antidiabetic drugs between 
2001 and early 2008. MEs were defined based on ICD9-CM codes for dia-
betes specific eye, kidney or nerve complications. Patients with MEs or no 
HbA1c value available during the 1 year period (baseline) prior to insulin 
initiation were excluded.
Results: Patients initiating GLAR vs NPH were older (53 vs 48 years), predomi-
nantly male (57 vs 36%), had a higher mean HbA1c (9.3 vs 8.3%), fewer special-
ist visits (18 vs 29%), and lower Charlson comorbidity score (0.86 vs 1.0). Initial 
crude, unadjusted ME incidence estimates were 225 vs 201 events/1,000 pa-
tient-years (Rate Ratio=1.12, p=0.02) with mean follow up of 15 vs 16 months 
from initiation of GLAR vs NPH, respectively. Unadjusted 1-year HbA1c 
change was similar between the groups (-1.0 vs -0.96%). Analysis adjusted for 
multiple confounders showed an increasing risk for ME with baseline HbA1c 
(Hazard ratio (HR)=1.07, p<0.001) and the risk trended slightly lower in pa-
tients achieved HbA1c < 7% vs those who did not during first year follow-up 
(HR=0.95, p=0.32). After accounting for substantial baseline group differences, 
1:1 propensity matched comparisons (Table) showed a 15% lower risk of ME in 
patients who initiated GLAR (n=1,589) instead of NPH (n=1,589).
Conclusion: These provocative data suggest a lower incidence of ME follow-
ing initiation of GLAR vs NPH after adjusting for important baseline con-
founders. This effect of GLAR appears incompletely explained by the differ-
ences in HbA1c lowering. Further well controlled studies are necessary to 
evaluate this hypothesis. 

Editorial support provided through the sanofi-aventis US Group
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Decreased adiponectin levels in diabetic patients with neuropathy
E. Cagıltay1, B. Sahan1, H.M. Terekecı1, C. Top1, M.G. Senol2, E. Ulusoy3,  
S. Celik1, S. Nalbant1, Y. Kucukardalı1, C. Oktenli1; 
1Internal medicine, 2Neurology, 3Cardiology, GATA Haydarpasa Training 
Hospital, İstanbul, Turkey.

Background and aims: The mechanism underlying Diabetic peripheral neu-
ropathy still remains unclear. Adiponectin, is an adipocytokine, having sev-
eral beneficial and protective effects like anti-inflammatory, vasculoprotec-
tive and anti-diabetic effects. Little is known about the relationship between 
adiponectin and diabetic peripheral neuropathy. Therefore, the aim of this 
study is to investigate the role of adiponectin on diabetic peripheral neuropa-
thy in type 2 diabetic subjects.
Materials and methods: Thirty-eight Type 2 diabetic patients and twenty-
three non-diabetic healthy controls were included in the study. We studied 

EMG and neuropathy symptom score in all study subjects. All subjects un-
derwent a plasma adiponectin level measurement by ELISA method.
Results: The level of adiponectin was found statistically different among 
all groups (healthy control, diabetic patients with or without neuropathy). 
Adiponectin levels were found lower at the diabetic patients when compared 
with healthy controls and the lowest levels have been measured at the diabetic 
patients with neuropathy. Serum adiponectin levels were found negatively 
correlated with neuropathy symptom score and also with the diabetes dura-
tion, serum fasting glucose, body mass index, triglyceride, hs-CRP and sedi-
mentation rate at type 2 diabetic patients.
Pathogenetic mechanisms underlying the progressive nerve fiber loss seem 
to be multifactorial, including polyol pathway, reactive oxygen particles, 
some adipocytokines, and altered protein C kinase activity. Our data imply 
that adiponectin can be a protective factor against neuropaty at the diabetic 
patients and further studies should be made about increasing adiponectin 
levels for the protection of diabetic patients without neuropathy from newly 
developing neuropathy.
Conclusion: Pathogenetic mechanisms underlying the progressive nerve 
fiber loss seem to be multifactorial, including polyol pathway, reactive oxy-
gen particles, some adipocytokines, and altered protein C kinase activity. Our 
data imply that adiponectin can be a protective factor against neuropaty at 
the diabetic patients and further studies should be made about increasing 
adiponectin levels for the protection of diabetic patients without neuropathy 
from newly developing neuropathy.

Diabetic patients 
without neuropathy

Diabetic patients 
with neuropathy

p value

Number 15 23
Age 54.33±6.23 59.78±8.24 0.027
Body mass index 28.41±2.67 28.7±3.91 0.8
Diabetes duration (year) 4.87±3.18 12.48±4.06 0.0001
Adiponectin (ng/ml) 109.58±39.83 85.15±26.27 0.048
Serum fasting glucose 
(mg/dl)

123.4±27.5 170.40±53.21 0.001

HbA1c (%) 6.68±0.99 8.31±1.30 0.0001
Total Cholesterol (mg/dl) 212.5±63.8 215.95±42 0.86
Triglyceride (mg/dl) 175±135 211.4±121.3 0.42
HOMA-IR 5.20±3.44 5.33±6.08 0.93
Neuropathy Symptom 
Score

1.57±0.5 1.57±0.5 0.002
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Distinct regulation of fetal adiponectin and adipo-cytokines in 
pregnancy complicated by maternal obesity 
S. Hauguel de Mouzon, L. Laffineuse, J. Minium, L. Presley, P. Catalano; 
Reproductive Biology, Case Western, Cleveland, United States.

Background and aims: Obesity in pregnancy is associated with metabolic im-
balance in the fetus, leading to enhanced in utero growth and adiposity. The 
aim of this study was to investigate whether modifications of adipo-cytokines 
production by fetal tissues are associated with the fetal anabolic state.
Methods: 121 women with singleton pregnancy (53 lean ; BMI : 22.0 + 1.9) 
and 68 obese ; BMI : 38.4 + 6.3) were recruited at the time of term elective 
C-section delivery (38.8 + 0.6weeks). They had no sign of infection and had 
normal glucose tolerance but features of chronic low grade inflammation. 
Umbilical blood was sampled within 10 min of delivery and neonatal anthro-
pometrics were recorded within 24 hrs of birth. Plasma cytokines concentra-
tions were measured by ELISA.
Results: Neonates of obese mothers had similar body weight 3217+452 vs 
3320+ 460 g (p=0.22) but increased fat mass 384 +150 vs 448+175 g (p=0.04) 
at birth. They were insulin resistant (HOMA-IR : 1.9+0.3 vs 1.2 +0.2). Total 
adiponectin (30.8 + 10.0 vs 30.6 + 9.7 μg/ml (p=0.94) and adiponectin index 
defined as the ratio of HMW/total adiponectin (0.35+0.06) were not different 
between groups. Plasma leptin was increased in neonates of obese women 
14.7 + 13.6 vs 8.2 + 4.7 ng/ml (p=0.001) and so were IL-6 concentrations 3.5 
+ 2.3 vs 2.4 + 1.4 ng/ml (p=0.02). Circulating umbilical TNF-alpha and C-
reactive protein concentrations were similar in both groups. When assessing 
the relationships between circulating adipo-cytokines and body composition 
only leptin displayed a positive correlation with fetal adiposity (y = 1.04 + 
0.02x; r = 0.30, p=0.001).
Conclusion: These results delineate specific regulations of adipo-cytokines 
in fetuses of obese women. Despite the development of insulin resistance in 
the fetus, adiponectin concentrations remained unchanged and there were 
only minor signs of inflammation. Since maternal cytokines do not cross the 
placenta these data suggest that obese fetuses are effectively protected against 
maternal inflammation. However, the combination of high insulin and high 
adiponectin levels may have functional consequences in creating a favorable 
environment for enhanced fetal adiposity.
Supported by: NIH RO1-455558

1172
YKL-40, a biomarker of inflammation, is not increased in patients with 
gestational diabetes mellitus
F. Hoellerl1,2, J.M. Brix2, G. Placher-Sorko2, K. Krzyzanowska2,  
G.H. Schernthaner1, G. Schernthaner2; 
1Angiology, Medical University of Vienna, 2Medicine I, Rudolfstiftung 
Hospital, Vienna, Austria.

Background and aims: Gestational diabetes mellitus (GDM), defined as 
disturbance in glucometabolism with onset during pregnancy, complicates 
about seven percent of all pregnancies and its prevalence is increasing. Up 
to now the importance of inflammatory processes during pregnancy is not 
fully clarified. YKL-40, a novel marker which is produced by macrophages is 
elevated in various inflammatory processes as well as in atherosclerotic proc-
esses. Recent studies demonstrated increased YKL-40 levels in patients with 
type 2 diabetes mellitus (T2DM) compared to healthy controls independent 
of the BMI. Thus, we were interested if inflammatory alterations being in-
volved in T2DM might be as well associated with GDM.
Materials and methods: We performed a cross-sectional and a longitudinal 
study, in which 28 patients with GDM (BMI 33.1± 5.8 kg/m², mean age 33±6 
years) as well as 30 pregnant women without GDM (NGDM, BMI 28.1± 5.4 
kg/m², mean age 32±6 years) were included. Apart from weight and standard 
risk factors for GDM (Family History, BMI pre-pregnancy, GDM in previous 
pregnancy, high birth weight) a standard oral glucose tolerance test (75g), 
lipid and insulin parameters for the calculation of HOMA were assessed at 
28±4 weeks of gestation as well as 8 weeks postpartum in both groups. Blood 
samples for YKL-40 were obtained at the same time points and were deter-
mined by a commercial ELISA.

Results: YKL-40 levels in GDM during pregnancy did not differ significantly 
from NGDM (74.1±62. vs 60.3±30.10 ng/ml). A non-significant decrease 
of YKL-40 levels postpartum in GDM (63.4±30.5 ng/ml) whereas a non-
significant increase of YKL-40 levels in NGDM was observed (66.9±32.7 
ng/ml). During pregnancy there were the following differences between 
the two groups (GDM vs NGDM): fasting glucose (74.6±9.0 vs 89.4±13.4 
mg/dl; p<0.001), glucose two hours postprandial (110.4±27.3 vs 161.1±35.9 
mg/dl; p<0.001), HbA1c (5.0±0.4 vs 5.5±0.6%; p<0.001), HOMA (1.5 vs 3.2; 
p<0.001), BMI (28.1±5.4 vs 33.1±5.8kg/m2; p<0.001). In a correlation analy-
sis delta YKL-40 (the change of YKL-40 between pregnancy and postpartum) 
was associated with BMI (r= 0.423, p=0.04) and insulin one hour postpran-
dial (r=0.511, p=0.008).
Conclusion: YKL-40 levels did not differ significantly between the groups, 
suggesting that the inflammatory state - as evaluated by macrophage marker 
YKL40 - is not different between women with or without gestational diabetes. 
An alternative explanation might be that the abnormal glucometabolic state 
in pregnancy might be too short to lead to changes in YKL-40.

1173
Normal secretion of the glucagon-like peptide-1 (GLP-1) during 
gestational diabetes mellitus
C. Lencioni, R. Lupi, V. Resi, A. Bertolotto, F. Romero, A. Ghio, L. Volpe,  
S. Del Prato, P. Marchetti, G. Di Cianni; 
Department of Endocrinology and Metabolism, Section of Diabetes, 
University of Pisa, Italy.

Background and aims: Gestational Diabetes (GDM) predisposes women to 
future development of type 2 diabetes and the two conditions share a similar 
spectrum of metabolic alterations. Recent observations suggest that a defec-
tive glucose stimulated insulin secretion by glucagon-like peptide-1 (GLP-1), 
plays a role in the pathogenesis of type 2 DM. Whether such a defect in in-
cretin secretion is impaired in women with GDM remains to be ascertained. 
Therefore, we have determined GLP-1 secretion in response to oral glucose 
load in pregnant women with normal glucose tolerance (NGT) and with 
GDM.
Materials and methods: 100g-3h OGTT (evaluated according to Carpen-
ter and Coustan criteria) was performed in 12 GDM and 16 NGT women 
at 27.3±4.1 weeks of gestation, for determination of plasma GLP-1, glucose, 
insulin and C-peptide at 0’,60’,120’,180’ min. Insulin sensitivity (ISI) and insu-
lin secretion (first and second phase); as well as insulin sensitivity-secretion 
index (ISSI) were also derived from the OGTT.
Results: NGT and GDM women were comparable for age (35.2±23.2 vs 34.5± 
3.2 years), pre-pregnancy BMI (23.36± 2.86 vs 25.45± 4.26 kg/m2) and weight 
gain (7.88±3 vs 6.45± 3.8 kg, respectively). As expected GDM women had 
higher value of the area under the glucose curve (AUC glyc: 27575.5±3448 
vs 20685.88±2715 mg/dl min, p<0.01), but lower first phase insulin secre-
tion (993.12±367 vs 1376.61±423 , p<0.05) and ISSI compared to Controls 
(3873.23±1185 vs 6232.13±1734, p<0.001). In contrast nor AUC GLP-1 did 
not significantly differ between the two groups ( NGT 6542.01 ±2104 vs 
GDM 5863.5 ±1313 pmol/l min) nor mean GLP-1 values during OGTT were 
different in the two groups. Only plasma GLP-1 at 180’ tended to be lower 
in GDM (NGT:37.08 ±23.4 vs GDM: 23.19 ±8.28 pmol/l; p=0.07). Univari-
ate regression analysis showed no correlation between AUC GLP-1 and AUC 
glic, first phase of insulin secretion, ISSI, age and prepregnancy BMI.
Conclusion: Our data show that GLP-1 secretion in response to OGTT in 
GDM and NGT is not different in spite of a difference in glucose tolerance 
and b-cell function. Therefore our data do not support a primary role of de-
fect in incretin-mediated insulin secretion in gestational diabetes.

1174
The expression of peroxisome-activated receptor-gamma in fat and 
placental tissue is not altered in patients with gestational diabetes
B. Telejko1, M. Kuzmicki2, N. Wawrusiewicz-Kurylonek1, A. Nikolajuk1,  
D. Zwierz-Gugala1, J. Szamatowicz3, P. Laudanski2, A. Kretowski1,  
M. Gorska1; 
1Department of Endocrinology, Diabetology and Internal Medicine, 2Depart-
ment of Pathophysiology of Pregnancy, 3Department of Gynecology, Medical 
University of Bialystok, Poland.

Background and aims: Recent studies have implicated adipokines and lig-
and-activated transcription factors, such as peroxisome proliferation-activat-
ed receptors (PPARs), as the key regulators of lipid and glucose metabolism 
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that allow adaptation of the mother to the nutritional requirements of the 
fetus. In the present study we aimed to investigate whether there are signifi-
cant differences in the expression of PPAR-gamma, transcription factor 7-like 
2 (TCF-7L2) and various adipokines in subcutaneous adipose tissue (SAT), 
visceral adipose tissue (VAT) and placental tissue obtained from pregnant 
women with gestational diabetes mellitus (GDM) and normal glucose toler-
ance (NGT).
Materials and methods: The expression of adiponectin, leptin, visfatin, re-
sistin, PPAR-gamma and TCF-7L2 mRNA was measured using quantitative 
real-time PCR Serum adipokines concentrations were estimated by RIA or 
ELISA.
Results: Serum adiponectin and visfatin concentrations were significantly 
lower in the GDM than in the NGT subjects (27.3 [23.6-40.3] vs 35.0 [28.0-
45.0] μg/ml, p=0.04 and 2.75 [0.7-4.6] vs 5.2 [3.9-5.9] ng/ml, p=0.02, respec-
tively). The patients with GDM had also lower adiponectin (p=0.008) and 
TCF-7L2 mRNA expression (p=0.04), as well as higher resistin mRNA ex-
pression in VAT (p=0.02) in comparison with the healthy women, whereas 
PPAR-gamma mRNA expression did not differ significantly between the 
groups studied. One-way ANOVA revealed that PPAR-gamma and TCF-7L2 
mRNA expression in SAT and VAT was significantly higher than in placen-
tal tissue (p=0.0003, p=0.0009, p=0.04 and p<0.0001, respectively). Leptin 
mRNA expression was markedly higher in SAT than in VAT and placental 
tissue (p<0.0001), whilst adiponectin mRNA expression did not differ be-
tween SAT and VAT. No detectable amount of adiponectin mRNA in any of 
the placental tissue samples was found. There was a significant correlation be-
tween the expression of PPAR-gamma and TCF7-L2 mRNA in SAT (R=0.60, 
p<0.0001), VAT (R=0.64, p=0.001) and placental tissue (R=0.56, p=0.0005). 
There were also correlations between PPAR-gamma mRNA and adiponec-
tin mRNA expression in SAT (R=0.77, p<0.00001), PPAR-gamma mRNA 
and visfatin (R=0.43, p=0.009) and leptin (R=0.64, p=0.001) mRNA expres-
sion in VAT, as well as between PPAR-gamma mRNA and visfatin (R=0.79, 
p<0.0001) and leptin (R=0.44, p=0.01) mRNA expression (R=0.56, p=0.0005) 
in placental tissue.
Conclusion: Low circulating adiponectin and visfatin, as well as decreased 
adiponectin and TCF-7L2 mRNA expression in VAT seem to play a patho-
genic role in GDM, whereas the expression of PPAR-gamma in fat and pla-
cental tissue is not altered in GDM patients.
Supported by: the State Committee for Scientific Research

1175
Plasma MR-proADM concentrations in women with gestational diabetes
A. Handisurya1, G. Vila1, J. Struck2, N.G. Morgenthaler2, K. Klein3,  
A. Luger1, M. Clodi1, A. Kautzky-Willer1; 
1Department of Internal Medicine III, Division of Endocrinology and 
Metabolism, Medical University of Vienna, Austria, 2Research Department, 
BRAHMS AG, Biotechnology Centre, Henningsdorf, Germany, 
3Department of Gynaecology and Obstetrics, Division of Feto-Maternal 
Medicine, Medical University of Vienna, Austria.

Background and aims: Gestational diabetes (GDM) is associated with 
distinct differences in placental perfusion and maternal hemodynamics. 
Adrenomedullin (ADM), a potent vasoactive peptide, is implicated in the 
regulation of vascular function and related to glucose intolerance and obesity. 
Previously, ADM was found to play a role in the development of gestational 
hypertension and pre-eclampsia. Midregional pro-ADM (MR-proADM) is 
secreted equimolarily with ADM but features a longer half-life. The objective 
of the present study was to evaluate whether GDM per se, i.e. uncomplicated 
by hypertension or pre-eclampsia, is associated with changes in circulating 
MR-proADM levels as compared to pregnant women with normal glucose 
tolerance (NGT). 
Materials and methods: In a cross-selectional study, plasma MR-proADM 
concentrations were measured by ELISA in 101 women with GDM and 87 
pregnant women with NGT at gestational week (GW) 10-23, 24-30 and 31-
38 (timepoints 1-3). In a longitudinal study, changes in MR-proADM levels 
between timepoints 1 and 2 were evaluated in 12 NGT and 5 GDM as well as 
in 23 NGT and 28 GDM between timepoints 2 and 3.
Results: In the cross-selectional study, HOMA-IR was significantly increased 
in GDM as compared to NGT at all timepoints (p<0.05, respectively). Plasma 
MR-proADM concentrations were similar in GDM and NGT at GW 10-23 
(0.53±0.22 vs. 0.43±0.20 nmol/l, p=0.012), however lower in GDM at GW 
24-30 (0.72±0.33 vs. 0.84±0.40 nmol/l, p=0.088) and GW 31-38 (0.82±0.35 
vs. 0.99±0.42 nmol/l, p=0.032). At GW 24-30 circulating MR-proADM levels 
correlated with midregional pro-atrial ANP levels (MR-proANP; r=0.197, 

p=0.043) and at GW 31-38 with HOMA-IR (r=-0.305, p=0.009) and MR-
proANP (r=0.499, p<0.0001). In the longitudinal study, the increase in ΔMR-
proADM between timepoints 1 and 2 as well as timepoints 2 and 3 was more 
pronounced in NGT than GDM (p=0.05; p=0.076) and correlated positively 
with Δweight (r=0.32, p=0.023) and ΔMR-proANP (r=0.46, p<0.0001) be-
tween timepoints 2 and 3.
Conclusion: Although previous studies reported on increased plasma ADM 
concentrations in type 2 diabetic or obese subjects, our data indicate that 
GDM women feature lower MR-proADM concentrations in late pregnancy 
as compared to pregnant subjects with NGT. Such decrease in ADM was re-
lated to an increase in insulin resistance. Thus, it might be suggested that dur-
ing late pregnancy glucose intolerance might curb the physiologic increase of 
circulating ADM levels.

1176
The activity of lysosomal n-acetyl-beta-hexosaminidase during 
pregnancy in type 1 diabetes mellitus and gestational diabetes mellitus
W.J. Zarzycki1, D. Dudzik1, M. Skotnicki2, M. Gorska1; 
1Department of Endocrinology, Diabetology and Internal Medicine, 
2Department of Perinatology, Medical University of Bialystok, Poland.

Background and aims: Hyperglycaemia causes chronic tissue damage and 
might influence on the activity of lysosomal N-acety-β-hexosaminidase 
(HEX), which catalyzes the removal of N-acetylglucosamine or N-acetylga-
lactosamine residues from the non-reducing end of glycoconjugates oligosac-
charide chains. HEX is a sensitive marker of diabetic vascular complications. 
The aim of our investigation was to determine the changes in the activity of 
lysosomal HEX in type 1 diabetes during pregnancy and gestational diabetes 
mellitus.
Materials and methods: Serum and homogenates of placenta tissue of 20 
women with gestational diabetes mellitus (GDM), 10 with type 1 diabetes 
(DM1) and 15 women in physiological pregnancy and serum of 15 non preg-
nant women as a control groups. The diabetic women was well controlled. 
HEX activity (pKat/ml of sample or μKat/kg of protein) was measured by 
Chatterjee et al method in modification by Zwierz et al.
Results: We observed a statistically significant increase of HEX activity in 
the serum in physiological pregnancy (1221,32±282,3) compared to the non-
pregnant women (428,92±86,2; p=0,000000), statistically significant increase 
of HEX activity in the serum of GDM women (1843,64±495,86) compared to 
physiological pregnancy (p=0,000124). In placenta tissue we found statisti-
cally significant increase of Hex activity in GDM (321,5±135,95) as compared 
to non-complicated pregnancy (138,23±30,3; p=0,000021). There was no sta-
tistically differences of HEX activity in serum (p=0,477) and placenta (p=0,7) 
between type 1 diabetes and gestational diabetes mellitus. The activity of lyso-
somal HEX in serum 3 months postpartum was compared to control group 
non-pregnant women.
Conclusion: Our study might suggest that diabetes might have an influence 
on metabolism of gycoconjugates that leads to increase in their degrada-
tion. The mechanism of hyperactivity of HEX is probably the same in DM 1 
and GDM. It is suggested that damage of vascular endothelium is the major 
source of the enzyme in diabetes.
Supported by: Medical University of Bialystok

1177
Role of maternal iron status in the pathogenesis of gestational diabetes 
mellitus
N. Sultana1, M.R. Sharker2, F. Jebunnesa1, T. Wahed1, R. Helal1, L. Ali1; 
1Biochemistry & Cell Biology, BIRDEM, Dhaka, 2Food and Nutrition, 
Dhaka University, Bangladesh.

Background and aims: Gestational diabetes mellitus (GDM) is one of the 
commonest complications of pregnancy; but its pathophysiology is still not 
fully understand. Recently attention has been focused on the relation be-
tween iron metabolism and glucose intolerance in the genesis of GDM. The 
present study was conducted to investigate the association of body iron store 
with various covariates of metabolic syndrome.
Materials and methods: A total 100 subjects were included in this study: 43 
were healthy nondiabetic and nonanemic pregnant women (Control group) 
and 57 were pregnant women having Gestational Diabetes Mellitus (GDM 
group). The subjects were investigated for glycemic (fasting & 2h ABF glu-
cose and HbA1c), insulinemic (fasting C-peptide) and body iron (serum iron, 
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ferritin & transferrin) status. Glucose level was measured by using glucose-
oxidase method, fasting serum C-peptide by chemiluminescent enzyme im-
munoassay, HbA1c by using a modified HPLC method and insulin sensitiv-
ity (HOMA%S) and insulin secretory capacity (HOMA%B) were calculated 
by Homeostasis Model Assessment. Serum transferrin receptor (STfR) was 
measured by Enzyme-Linked Immunosorbent Assay (ELISA), and serum 
ferritin level was assessed by Microparticle Enzyme Immunoassay (MEIA) 
technology. Serum iron concentration was measured by IRN method.
Results: The age of the study groups were found to be matched (p=0.522). 
Gestational weeks and parity of the study groups were significantly higher 
in GDM than Controls (p=0.004 and p=0.015 respectively). HbA1c level (%, 
M±SD) was significantly higher in GDM group (6.09±1.1) as compared to 
Control (5.8±0.7, P=0.001). Serum insulin level [ng/ml, Median (range)] as 
assessed by C-peptide, was significantly higher in GDM group [2.5(1-6.6)] 
compared to Control [1.5(1-3.3), P<0.001], but the insulin secretory capac-
ity (HOMA% B) was not different between the two groups [median (range) 
144(102-270) in GDM vs 165(100-281) in Control]. HOMA%S [Median 
(range)] was significantly lower in GDM group [38(20-90)] as compared to 
Control [60(32-99), P<0.001]. The lipidemic status of the GDM group did not 
show any difference from Control . Among the marker of body iron status he-
moglobin level showed no difference between GDM (11±1.25) and Control 
groups (10.6±0.8), but serum iron concentration [median (range)] was sig-
nificantly lower in GDM group [6(2-19)] as compared to Control [12(2-36)]. 
There was no significant difference between the two groups in their levels of 
serum ferritin and STfR. On Pearson’s correlation coefficient analysis Ferritin 
level had significantly negative correlation with HbA1c (P=0.046). No other 
correlation was found among other variables.
Conclusion: From the above data it may be concluded that GDM in Bang-
ladeshi subjects does not seem to be associated with iron less deficiency or 
elevated body iron store. GDM subjects may show lower serum iron, but this 
is probably related to chronic inflammatory state of diabetes rather than iron 
deficiency itself. The data also suggest that interpretation of body iron status 
in this condition, using the available markers (like serum iron, serum ferritin 
and STfR), needs to be made with caution due to the presence of concurrent 
factors like pregnancy and chronic inflammatory status.
Supported by: IPICS and BADAS

1178
Homeostatic insulin sensitivity indices in the detection of gestational 
diabetes mellitus
S. Hayat1, F. Jebunnesa2, N. Sultana2, T. Wahed2, R. Helal2, L. Ali2; 
1Obstetrics and Gynecology, 2Biochemistry and Cell Biology, BMRG, 
Dhaka, Bangladesh.

Background and aims: Early identification of GDM is strongly warranted for 
prevention of both maternal and fetal complications, but well known disad-
vantages of the present methods based on oral glucose challenge reduces the 
compliance and applicability of these methods in the screening of the disor-
der. The present study aimed to assess FBG-based insulin sensitivity indices 
(ISIs) regarding their suitability as alternatives of 2 hour 75-g OGTT. Other 
related glycemic and insulinemic indices as suitable alternatives were also ex-
plored. McNamara test was used to calculate sensitivity, specificity, PPV and 
NPV of various tests against the gold standard of OGTT.
Materials and methods: A group of pregnant mothers, at 24 to 32 weeks of 
gestation, were recruited from BIRDEM (the tertiary hospital of Diabetic As-
sociation of Bangladesh) and Dhaka Medical College Hospital were screened 
for GDM by adapting WHO criteria of 75-g OGTT. Out of 300 subjects, 112 
had GDM. Finally 84 GDM and 82 normal mothers were analyzed through 
a nested case control design. Serum glucose was measured by glucose oxi-
dase method and insulin was assayed with a chemluminescence based ELISA. 
Insulin sensitivity indices as well as glycemic and insulinemic indices were 
calculated and tested for their ability to detect GDM. Homeostatic formulas 
were used to quantify insulin sensitivity and B-cell function.
Results: The GDM group had higher age as compared to control (years, M±SD, 
28.9±3.8, vs. 26.7±4.6, p<0.001). HOMA%B was significantly (p<0.001) low-
er in GDM (113.3±51.4) than their non-GDM counterparts (207.9±91.3). 
QUICKI of GDM was 0.52 ±.03 and that of control was 0.55±.05; the differ-
ence was statistically significant (p<0.001). HOMA%S showed no significant 
difference (p=0.158) between GDM and non-GDM groups. In Pearson’s cor-
relation analysis HOMA%B had a significant correlation with age, FBG, 75-g 
OGTT and fasting insulin level. HOMA%S showed statistically significant 
correlation with FBG, 75-g OGTT, fasting insulin, HOMA%B and QUICKI. 
Logistic regression analysis provided significant association of HOMA%B 

with GDM (p=0.002) after adjusting the effect of the confounders. The value 
of different screening markers for predicting GDM was explored. HOMA%S 
at optimum cut-off value of 50 showed sensitivity of 50% and specificity of 
56%, with PPV and NPV 56% and 55% respectively. QUICKI had sensitivity 
and specificity of 28% and 31% respectively at an optimum cut-off value of 
0.54. Fasting insulin showed sensitivity and specificity of 54% and 49% re-
spectively at cut-off value of 12.9µU/ml with PPV 50% and NPV 50%. At an 
optimum cut- off value of 5mmol/l, the sensitivity, specificity, PPV and NPV 
of FBG was 82%, 78%, 79% and 81% respectively The corresponding value for 
combined fasting glucose and fasting insulin were 84%, 79%, 82% and 82%.
Conclusion: The data suggest that insulin sensitivity indices do not seem to 
be reliable alternatives for oral glucose based tests for the detection of GDM. 
Simple fasting blood glucose with a cut-off value of 5.0mmol/l, for Bangla-
deshi population, seems to be an acceptable test in the screening of GDM.
Supported by: IPICS and BADAS
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Increasing incidence of abnormal glucose tolerance in women with 
gestational diabetes (GDM) or mild gestational diabetes (MGH) in 
France: DIAGEST 2 study
P. Fontaine1, S. Schaller1, X. Lenne2, V. Coliche3, G. Montreuil4, P. Goeusse5, 
H. Pauchet6, A. Vambergue1, Gestational Diabetes Study Group, Diagest 
Group; 
1Diabetology, CHRU Lille, 2CRESGE LEM, CNRS 8179, Lille, 3Diabetology, 
CH, Boulogne sur mer, 4Diabetology, CH, Helfaut, 5Gynecology, CH, 
Tourcoing, 6Gynecology, CH, Saint-Omer, France.

Background and aims: Gestational diabetes (GDM) is characterized by im-
paired glucose metabolism during pregnancy. After pregnancy, these women 
do not completely normalise their metabolism and maintain an increased 
risk of later maternal diabetes (DM) and vascular disease. Mild blood glucose 
abnormalities during pregnancy may be linked to later glucose tolerance ab-
normalities or diabetes mellitus. Our aims were 1) to evaluate the prevalence 
of diabetes mellitus (DM), impaired glucose tolerance (IGT), and impaired 
fasting glucose (IFG) 11 years later after delivery in women with various 
blood glucose status during pregnancy 2) to determine the risk factors of dia-
betes in this population.
Materials and methods: We compared long-term outcomes among control 
women (n= 221), women with mild gestational hyperglycaemia (n=322) and 
women with gestational diabetes (GDM) (n=466). Women were recruited 
from 15 public maternity units in north of France wich belong to the Diagest 
group. Between delivery and the follow-up visit (6 years and 11 years), wom-
en with prior GDM or MGH had not received specific advice, particularly 
about nutrition or physical activity. Women with prior GDM or MGH and 
control subjects were offered a 75-g OGTT. Women who refused the OGTT 
contributed only a fasting plasma glucose. Rates of DM, IGT and IFG were 
compared between the groups (American Diabetes Association criteria).
Results: Eleven years after delivery, clinical and biological parameters were 
be determined in 225 GDM, 122 MGH and 76 controls. Rates of DM, IGT 
and IFG were respectively 3.9%, 4.5% and 1.3% in the control group. In GDM 
women, the rates of DM, IGT and IFG are respectively 35.6%, 8.9% and 5.3%. 
In MGH women, the rates of DM, IGT and IFG are respectively 12.3%, 15.7% 
and 10.7%. Among 178 GDM who were seen at 6 years and at 11 years, the 
prevalence of DM was 30.3% at 6 years IC 95% [23.6-37.1] and 42.7% at 11 
years IC 95% [35.4-50.0]. At 11 years, predictors for DM are: family history of 
diabetes, previous GDM, BMI > 27 kg/m2 , fasting glucose during pregnancy 
> or = 5.5 mmol/l, the severity of hyperglycaemia during pregnancy defined 
by the number of abnormal blood glucose values fasting, 1, 2 and 3 h during 
the glucose tolerance test at diagnosis of GDM, and insulin therapy during 
pregnancy.
Conclusion: This study has identified a high prevalence of glucose tolerance 
abnormalities after GDM and MGH. Compared to GDM women, women 
with MGH have also a high risk of later diabetes. After 6 years, the prevalence 
carries on to increase. Thus, women with previous glucose tolerance abnor-
malities represent a high-risk group and a target for intervention to postpone 
or prevent the development of overt diabetes in France.
Supported by: LifeScan, NovoNordisk, DIAGEST Group’s members

1180
Metabolic syndrome in early pregnancy and risk of gestational diabetes 
mellitus
L. Chatzi1, E. Plana2, A. Pappas3, D. Alegkakis4, P. Karakosta1, V. Daraki5,  
C. Tsatsanis6, A. Kafatos1, A. Koutis1, M. Kogevinas1,2; 
1Department of Social Medicine, Faculty of Medicine, University of Crete, 
Heraklion, Greece, 2Centre for Research in Environmental Epidemiology 
(CREAL), Barcelona, Spain, 3Diabetic Clinic, Venizelio Hospital, Heraklion, 
Greece, 4Department of Rheumatology, Clinical Immunology and Allergy, 
Faculty of Medicine, University of Crete, Heraklion, Greece, 5Department of 
Endocrinology, Faculty of Medicine, University of Crete, Heraklion, Greece, 
6Department of Clinical Chemistry-Biochemistry, Faculty of Medicine, 
University of Crete, Heraklion, Greece.

Background and aims: Gestational diabetes mellitus (GDM) is a prevalent 
disease associated with adverse outcomes of pregnancy. The association 

between metabolic aberrations in early pregnancy and the development of 
GDM remains little explored. The purpose of this study was to determine the 
extent to which, maternal metabolic syndrome in early pregnancy is a risk 
factor for GDM.
Materials and methods: The mother-child “Rhea”study in Crete is a prospec-
tive cohort examining pregnant women (Greek and immigrants) residents at 
the prefecture of Heraklion that became pregnant during one year starting 
in February 2007 and initiated prenatal care before 15 weeks of gestation. 
Five hundred and eight women with sigleton pregnancies without a diagno-
sis of diabetes mellitus or GDM in a prior pregnancy were included in the 
analysis. Maternal fasting serum samples were collected and blood pressure 
was measured at the time of the first major ultrasound (Mean: 12 weeks, SD: 
1.5). Metabolic syndrome in early pregnancy was defined according to the 
NHLBI/AHA criteria. Pregnant women were screened for GDM between 24 
and 28 weeks of gestation, and GDM was defined by the criteria proposed by 
Carpenter and Coustan. Multivariable log-binomial regression models were 
used to estimate the effect of metabolic syndrome in early pregnancy on the 
risk of GDM after adjusting for confounders.
Results: Women with metabolic syndrome were in high risk for GDM 
(RR=3.17, 95 percent CI: 1.06, 9.50), whereas among the components of 
metabolic syndrome, the most significant risk factors were impaired fasting 
glucose (RR=4.92, 95 percent CI: 1.41, 17.23), and pre-pregnancy obesity 
(RR=2.65, 95 percent CI: 1.23, 5.70). An elevation of 10mmHg in systolic or 
diastolic blood pressure increased the relative risk for GDM by 49% (RR=1.49, 
95 percent CI: 1.10, 2.02) and 34% (RR=1.34, 95 percent CI: 1.04, 1.73) re-
spectively, while a per unit increase in the BMI pre-pregnancy increased the 
relative risk for GDM by 6% (RR=1.06, 95 percent CI: 1.01, 1.12).
Conclusion: These findings suggest that women with metabolic syndrome in 
early pregnancy had higher risk for GDM.
Partly supported by the EU Integrated Project NewGeneris, 6th Framework 
Programme

1181
Undiagnosed pre-gestational diabetes among women with gestational 
diabetes mellitus
A.E. Lilja1,2, E. Stage1, C. Barfred1, S.B. Nielsen1, M.R. Mikkelsen1,  
P. Damm1,3, E.R. Mathiesen1,2; 
1Center for Pregnant Women with Diabetes, 2Department of Endocrinology, 
3Department of Obstetrics, Rigshospitalet, Faculty of Health Sciences, 
Copenhagen, Denmark.

Background and aims: Among women diagnosed with gestational diabetes 
mellitus (GDM), a subpopulation is presumed to have undiagnosed pre-
gestational diabetes. Well aware of the severe adverse pregnancy outcome 
in women with pre-gestational diabetes, such as malformations, preterm 
delivery and perinatal mortality, women with undiagnosed pre-gestational 
diabetes are assumed to be equally vulnerable to complications in pregnancy. 
This implies that GDM women with undiagnosed pre-gestational diabetes 
deserve intensified pregnancy surveillance, and therefore need to be identi-
fied as early as possible in pregnancy.
Materials and methods: A cohort of 215 women diagnosed with GDM in 
2007 was investigated. Two women were classified as having had undiag-
nosed pre-gestational diabetes due to continuous need for insulin treatment 
after delivery. In addition, 10 women were diagnosed according to the WHO 
criteria of oral glucose tolerance tests performed in 141 cases (66%) two 
months post partum.
Results: At diagnosis of GDM, all women were instructed in diabetes diet, 
resulting in a restricted mean weight gain of 1.6 kg from GDM diagnosis to 
delivery, seven weeks (0-35) later. Sixty-one of these women (43%) were insu-
lin treated due to insufficient glucose control on diet treatment alone.
Patients with undiagnosed diabetes in pregnancy were characterised by 
higher 2 hour plasma glucose value (13.8 mmol/l (SD 3.9) vs. 10.7 (SD 1.8), 
p<0.001), higher HbA1c value at GDM diagnosis (6.7 % (SD 1.5) vs. 5.5 (SD 
0.7), p<0.001), and being diagnosed earlier in pregnancy (median 19 weeks 
(11-37) vs. 31 (5-39), p<0.001), while age and BMI were comparable (34.5 years 
vs. 33.6 and 32.6 kg/m2 vs. 31.7). In eight cases with baseline HbA1c>6.5% and 
GDM diagnosis before 35 weeks, four (50%) had diabetes and four (50%) had 
pre-diabetes (IGT or IFG) post partum. Among women treated with insulin, 10 
(16%) had diabetes, and 24 (39%) had pre-diabetes two months post partum, in 
comparison to two (2%) and 17 (21%) among women treated with diet alone.
Conclusion: The presence of women with undiagnosed pre-gestational 
diabetes among women with GDM is a significant clinical problem. These 
women can be distinguished among GDM patients by higher 2 hour plasma 
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glucose and HbA1c values, early onset of GDM, and the necessity of insulin 
therapy during pregnancy. Special attention should be paid to GDM patients 
with these characteristics in order to prevent severe pregnancy outcome due 
to undiagnosed pre-gestational diabetes.
Supported by: an EFSD/LifeScan grant

1182
Obstetrical outcomes in pregnancies with gestational diabetes: what 
benefits? Which patients?
N. Chevalier, S. Hieronimus, V. Giaume, F. Brucker-Davis, A. Bongain,  
P. Fénichel; 
Pôle de Gynécologie-Obstétrique-Reproduction-Endocrinologie, Nice, France.

Background and aims: Up today, no international consensus was found for 
gestational diabetes mellitus (GDM) diagnosis. We have previously reported 
that O’Sullivan test has a low relevance for GDM screening in our Mediter-
ranean population. Thus we adopted a universal one-step screening strategy 
with a 75 grams OGTT. We report here our first results of obstetrical out-
comes since we apply this new screening strategy at our University Hospital.
Materials and methods: We conducted a prospective and descriptive study 
between 01/01/2008 and 12/31/2008. Over nine months (January to Septem-
ber 2008), all pregnant women (n=2014) were screened with a 75 gr OGTT 
between 24th and 28th week of amenorrhea (wa). When GDM was diagnosed 
(fasting plasma glucose (FPG) > or = 95 mg/l and/or 2h post-load (PLG) > or 
= 140 mg/l), women had an intensive management including dietary advice, 
glucose self-monitoring and insulin therapy as necessary.
Results: GDM was screened at mean term of 27 wa. Prevalence of GDM was 
increased from 2,98 % to 7,78 % (n = 157). Mean age was 32 years (20 - 45). 
Mean preconceptional BMI was 25,8 kg/m² (16,8 - 44,6) but above 27 kg/m² 
in 38,2 % of patients. Insulin was initiated in 21 % (n = 33). Delivery occurred 
at 39 wa (32-42), spontaneous in 58 %. Caesarean section rate was 26,8 % 
(vs 19,2% in global population). Prematurity rate (under 37 wa) was 10,8 %. 
Mean birth weight was 3218 gr (1640-5120). Macrosomia was present in 5,7 
% (birth weight (BW) > or = 4000 gr) and in 8,3 % (BW > or = 90th percentile 
for a standard French population). No major neonatal event was reported.
Insulin therapy was more frequent in patients with BMI > or = 27 kg/m² 
and/or FPG > or = 95 mg/l (p < 0,001) and was associated with higher rates 
of macrosomia (RR = 5,2; p = 0,006) and caesarean section (RR = 3,5; p = 
0,003). Labor induction was most frequent in insulin treated GDM and in-
duced caesarean section in 20 %.

GDM with  
insulin therapy

GDM without 
insulin therapy

p

Percentage 21 % 79 % < 0,01
Mean BMI (kg/m2) 30,3 ± 6,9 24,5 ± 4,7 < 0,001
BMI ≥ 27 kg/m2 66,7 % 30,6 % < 0,001
FPG (mg/l) 100 ± 21 85 ± 12 < 0,001
2h PLG (mg/l) 176 ± 45 153 ± 21 < 0,001
BW > 90th perc. 21,2 % 4,8 % < 0,001
BW < 10th perc. 12,1 % 14,5 % NS
Global caesarean section rate 48,5 % 20,9 % < 0,001
Primary caesarean section rate 24,2 % 12,1 % < 0,001

Labor induction rate 91 % 29 % < 0,001

Preconceptional BMI above 27 kg/m² was only associated with higher rate of 
insulin therapy (OR = 4,48; p or = 95 mg/l was associated with higher rates 
of insulin therapy (OR = 4,26; p < 0,001) and caesarean section (OR = 2,43; 
p = 0,02); no correlation was found between FPG or preconceptional BMI 
and macrosomia.
34 % of patients had no risk factors for GDM and were characterized by lower 
glycemia levels (mean FPG 83 mg/l; mean 2h PLG 151 mg/l), lower BMI (21,2 
kg/m²) and lower rates of insulin therapy (7,1 %), caesarean section (17,8 %) 
and macrosomia (3,6 %).
Conclusion: Intensive management of GDM is efficient but leads to a high 
rate of caesarean section. Preconceptional weight excess and FPG appear as 
prognostic factors of obstetrical outcomes. It is not obvious that intensive 
management of GDM impacts obstetrical prognosis of women without risk 
factors, who are characterized by lower glycemia levels. This should trigger 
reflection on diagnostic thresholds and therapeutic intervention strategy.

1183
Maternal and foetal outcomes of gestational diabetes in a tertiary 
hospital Sri Lanka
T.D. Hewawasam1, P. Katulanda2, A. Rathnapala3, H. Senanayaka2,  
S.B. Uduwerella1, A. Fernando1, A. Abeysinghe1; 
1General Hospital, Badulla, 2Faculty of Medicine, Colombo, 3Colombo 
South Teaching Hospital, Colombo, Sri Lanka.

Background: Maternal and foetal outcomes of gestational diabetes mellitus 
(GDM) in peripheral hospitals in Sri Lanka are not well documented.
Materials and methods: This case control study was conducted in an ante-
natal clinic from 1st of February 2008 to 31st January 2009. Objectives of the 
study are to describe the underlying socio-demographic factors of GDM and 
to determine the maternal and foetal outcomes of GDM at Provincial General 
Hospital (PGH), Badulla, Sri Lanka. Cases were women with singleton preg-
nancy and GDM according to the WHO criteria. Controls were age, BMI and 
parity matched women with singleton pregnancy with no GDM. GDM was 
diagnosed using a 75g OGTT when plasma glucose was >140mg/dl in 50g 
glucose challenge test (GCT) at one hour.
Results: 87 women out of 7934 (1.1%) had GDM. Mean age of those with 
GDM was 31.6 years. 65.6% of cases had a Body Mass Index over 23. There 
was no difference in the income between cases and controls (p=0.745).Poly-
hydramnios was seen in 16.9% of cases vs. 3.6% of controls (p=0.05). Cae-
sarean sections were carried out in 67.5% of cases and in 62.5% of controls 
(p=0.515). Temperature more than 98.40F was seen in 3.6% of cases and 9.6% 
of controls (p=0.119). Vaginal candidiasis was seen in 4.8% of cases and 6% of 
controls (p=0.732). Urinary tract infection and pre term labour were equally 
present in cases and controls, 3.6% and 6% respectively. No birth traumas 
were reported.Neonatal hypoglycaemia was reported in 4.8% of cases but not 
in controls (p=0.043).Two still births were reported in the cases while one 
was reported in the controls (p=0.56). Birth weight more than 3.5Kg was re-
ported in 12% of cases and 3.6% of controls (p=0.043). Congenital anomalies 
were reported as 1.2% both in cases and controls. Neither neonatal deaths nor 
shoulder dystocia were reported.
Conclusion: In this hospital based population from peripheral Sri Lanka, the 
prevalence of GDM (1.1%) was lower than that shown in the studies from 
urban or semi-urban areas (5.5 - 8.4%). Polyhydramnios, birth weight >3.5kg 
and neonatal hypoglycaemia were found significant in this study.Caesarean 
sections, Temperature >98.4F, Vaginal candidiasis, Urinary tract infection, 
pre term labour were not significantly associated with GDM as maternal out-
comes. Congenital anomalies, shoulder dystocia, still births, neonatal deaths, 
were also not significantly associated with GDM pregnancies compared to 
the others as Foetal outcomes. These findings are useful in establishing na-
tional policies on screening for GDM.

1184
Metabolic syndrome and adiponectine in women with prior gestational 
diabetes
M. Carrasco, O. González-Albarrán, G. Pérez, A. Paniagua, J. Gómez,  
S. Calvo; 
Endocrinology, Hospital Ramón y Cajal, Madrid, Spain.

Background and aims: Women with prior gestational diabetes mellitus 
(pGDM) are at increased risk of developing type 2 diabetes and associated 
vasculopathy. The relationship between insulin sensitivity, parameters of 
subclinical inflammation, and plasma concentrations of adipocytokines was 
investigated in pGDM both at 3 months and 12 months after delivery
Materials and methods: We prospectively studied 198 women with pGDM 
.According to OGTT, we divided into two groups: pGDM with normal glu-
cose tolerance post-partum (NG) (66,8%) and pGDM with abnormal glucose 
tolerance post-partum (AG) (33,2%). Insulin sensitivity was derived using 
HOMA. Metabolic syndrome (MS) was defined by ATP-III We collected ob-
stetric history, personal history of pGDM and personal and family history of 
cardiovascular risk factors Plasma concentrations of ultrasensitive C-reactive 
protein (CRP), adiponectin, and leptin were measured
Results: The mean age was 33,45 ± 4,5 yrs.; 26,25% smoking, 15,6% history 
of dyslipemia, 30% had history of previous abortions. 62,34% of women had 
first-degree relatives with type 2 DM and 59,25% had family history of hy-
pertension The prevalence of MS was higher (32,3%) in AG group than in 
NG (14,7 %); p<0.005. In addition, AG group had higher values of BMI and 
WC vs. NG group (28,86 ± 4,5 vs 22,70 ± 3,1 Kg/m2; p<0.005 and 93,76 ± 6,1 
vs 80,34 ± 4,6; p<0.05, respectively) . Fasting glucose and 2h-glucose levels 
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were higher in AG group than NG (98,85 ± 7,7 vs 80,2 ±5,6 mg/dl, p<0.005 
and 166,57± 23 vs 119,4 ± 20 mg/dl). Fasting insulin and HOMA values were 
significantly higher in AG than NG; p<0.005. AG showed lower (P < 0.0001) 
plasma adiponectin (5.8 +/- 0.2 microg/ml) than NT (8.9 +/- 0.6 microg/ml) 
and a decreased (P < 0.003) but increased plasma leptin (P < 0.003) and CRP 
(P < 0.03). adiponectin correlated positively with HOMA (P < 0.003) and 
HDL cholesterol (P < 0.0001) but negatively with plasma glucose (2-h oral 
glucose tolerance test [OGTT]) (P < 0.0001), leptin (P < 0.01) and CRP (P < 
0.007). In addition, AG group presented a higher prevalence of family history 
of type 2 DM (68,7% vs 48%, p<0.01)
Conclusion: Women with pGDM have a high prevalence of abnormal glu-
cose tolerance and MS and lower values of adiponectin, particularly those 
with AG.. Thus women with pGDM and family history of type 2 DM may be 
especially suitable interventions aimed at preventing or reducing type 2 DM 
and probably cardiovascular events.

1185
Glycaemic variability and foetal growth in diabetic pregnancy
A. Lapolla1, M. Dalfrà1, G. Di Cianni2, R. Marchetti3, G. Sartore1, G. Mello4; 
1Medical and Surgical Sciences, University of Padova, 2Endocrinology and 
Metabolic Disease, University of Pisa, 3Teseo srl, Pisa, Italy, 4Gynecology 
Perinatology and Human Reproduction, University of Firenze, Italy.

Background and aims: Fetal overgrowth is the most important complication 
of diabetic pregnancies (gestational (GDM) and pregestational (preGDM)). 
Aim of the study was to evaluate the relationship between glycemic profile, 
detected with continuous glucose monitoring (CGM), (Glucoday, Menarini 
Diagnostic, Firenze, Italy) and parameters of fetal growth
Materials and methods: 80 pregnant women (32 with preGDM, 31 with G 
DM, 17 with normal glucose tolerance (NGT)) were evaluated. PreGDM 
women measured glucose profile by CGM at the first, second and third tri-
mester of pregnancy, GDM and NGT women at the second and third trimes-
ter.As for mothers, age, prepregnancy BMI, HbA1c and glucose monitoring 
were recorded. As for newborn, birth weight, ponderal index (gr/cm3), large± 
for gestational age (LGA) parameters were recorded.
Results: Mean age was 33± 6 yrs for preGDM, 35± 4yrs for GDM, 33±5 yrs 
for NGT women, prepregnancy BMI was respectively 29± 3, 26± 4, 21± 4; 
HbA1c were 6.8± 1.2 %, 7.2± 1.1%, 6.0± 0.8 % for preGDM at each trimester, 
5.2 ± 0.5%, 5.5± 0.4%, for GDM at second and third trimester. As for fetal 
growth, mean birtweigth was 3096 ±583 in preGDM, 3240± 582 for GDM, 
3142± 386 for NGT; ponderal index was 2.88 ± 0.9 in preGDM, 2.61± 0.6 in 
GDM and 2.46± 0.4 in NGT . As for glycemic variability, we took into con-
sideration MAGE (mean amplitude of glycemic excursion ) and M-value (a 
quantitative index od the deviation of blood glucose determination in 24 hrs 
period from an arbitrariluy selected standard). M-value, at the third trimes-
ter, was related to birth weigth in NGT(p=0.05), furthermore M-value was re-
lated to birth weigth and ponderal index at the second trimester in preGDM 
patients (p=0.04, p=0.018 respectively),MAGE at the second trimester was 
related to birth weigth in GDM (p= 0.05).
Conclusion: Our data show that glycemic variability evaluated by M-value 
and MAGE is important in determining fetal overgrowth, suggesting that the 
second trimester of pregnancy in diabetic women is critical for fetal growth 
and so a good metabolic control needs to be obtained in this period in order 
to normalize fetal weigth.

1186
Impact of incidental use of oral antidiabetics on pregnancy outcome
F.M.A. Fawzy, G. Saeed; 
Internal Medicine, Zagazig University, Faculty of Medicine, Diabetes & 
Endocrinology Unit, Zagazig, Egypt.

Background and Objectives: Except for patients with Polycystic Ovary Syn-
drome who are continued on metformin even after getting pregnant, other 
oral antidiabetic agents are not advised during pregnancy. Because of obvi-
ous ethical considerations a prospective controlled study of oral antidiabet-
ics during pregnancy can not be conducted in humans. In this pilot study 
we followed 93 pregnant diabetic women who continued to use their oral 
medications for variable periods of time before realizing they were pregnant. 
Once pregnancy was confirmed, they were shifted to standard therapy with 
diet and/or insulin.
Subjects and methods: The study included 93 diabetic ladies with type 2 
diabetes mellitus.Their ages ranged from 26 to 41 years with a mean ± SD of 

37±7.9 years. The mean duration of oral antidiabetic use before shift to other 
treatment modality ranged from 2 weeks to 2 months. The oral antidiabetic 
medications used were metformin in 89 patients (95.7%), one of the sulpho-
nyl ureas (glibeneclamide, glimepride or gliclazide) in 67 patients (72%), 
acarbose in 4 patients (4.3%) and thiazolidinediones (TZD’s) in 6 (6.5%) 
of the study group (4 on pioglitazone and 2 on rosiglitazone). Concomitant 
use of other medications was recorded in 7 patients who received antihy-
pertensive drugs and 5 patients who received antacids for heartburn. SMBG, 
frequent oral and post-prandial plasma glucose measurements or glycated 
hemoglobin level determination were used to asses the degree of diabetes 
control during pregnancy.
Results: 81patients (87%) were able to reach full term, while 12 patients (13%) 
had abortions or miscarriages. Normal vaginal delivery was possible in 21 
patients of those who completed their pregnancy (25.9%), while 60 patients 
(74.1%) were delivered by elective CS. Maternal complications in the form of 
toxemia of pregnancy was recorded in eight patients (8.6%). Regarding fetal 
complications, macrosomia or large for gestational age weight at birth was 
recorded in 23 newborn infants (28.4%) and gross fetal anomalies diagnosed 
immediately after birth were found in 7 of the newborn babies (8.6%).In this 
latter group two of them were born to mothers who used TZD’s in their 1st 
trimester (one was using rosiglitazone and another was using pioglitazone).
The majority of the newborn babies required glucose infusion post-natally 
to correct for hypoglycemia. Regarding the degree of control of the diabetic 
state, the mean glycated hemoglobin level was 8.7% on booking to the clinic, 
6.3 % at the end of the 1st trimester, 7.2% at the end of the 2nd trimester and 
7.1% at the end of the 3rd trimester.
Conclusion: Except for probably thiazolidinediones, the use of oral hypogly-
cemic agents, specially metformin and SU’s may be safe during pregnancy. 
However cumulative experience from different centers should be collected 
and carefully analyzed before reaching a solid conclusion.

1187
Short acting insulin analogues versus regular human insulin in women 
with gestational diabetes - patient-relevant outcomes: systematic review
E. Matyas1, K. Horvath1,2, K. Jeitler1,3, K. Koch4, U. Püringer1, S. Lange4,  
A. Siebenhofer1,5; 
1Department of Internal Medicine, EBM Review Center, Medical 
University of Graz, Graz, Austria, 2Division of Endocrinology and Nuclear 
Medicine, Department of Internal Medicine, Graz, Austria, 3Institute 
of Medical Technologies and Health Management, Joanneum Research 
Forschungsgesellschaft mbH, Graz, Austria, 4Institute for Quality and 
Efficiency in Health Care, Cologne, Germany, 5Institute for Medical 
Informatics, Statistics and Documentation, Medical University of Graz, 
Graz, Austria.

Background and aims: Gestational diabetes mellitus (GDM) is associated 
with risks of complications during pregnancy and birth. A therapy with in-
sulin is recommended as a therapy option for possibly lowering these risks. 
Short acting insulin analogue use for diabetic patients is still controversial. 
Therefore, possible beneficial effects of short acting insulin analogues (SA-I) 
compared to human insulin (HI) on maternal and perinatal patient-relevant 
outcomes were evaluated.
Materials and methods: To assess the effects of SA-I in gestational diabetes, 
a systematic literature search was conducted in 18 databases up to 10/2008 
for controlled clinical trials (CCTs) and randomized controlled trials (RCTs). 
Trial selection and evaluation of study quality were carried out independently 
by two reviewers. A systematic review was performed.
Results: In 3 RCTs fulfilling our inclusion criteria 134 subjects were included. 
For 2 studies the intervention was a therapy with Insulin Lispro (IL) and for 
1 trial with Insulin Aspart (IA), both in comparison to HI. In terms of the 
methodological quality all 3 studies were classified as having a high risk of 
bias. The differences in HbA1c-values between treatment groups were not 
statistically significant at any time. The incidence of a caesarean section de-
livery was similar in SA-I and HI. Findings on maternal hypoglycaemia, re-
ported in 2 studies for the intervention with SA-I, were conflicting: While in 
one study for the HI-group they were higher, they were lower in the other 
trial. Maternal hyperglycaemic episodes were reported only in one study and 
indicated a statistically significant difference (IL: 4.0 vs. HI: 5.5, p=0.019). 1 
perinatal death occurred in the IA-group and 2 children with malformations 
were identified in the HI-group of the same trial. In 2 studies no children 
were classified as being large-for-gestational-age (LGA), in the third the in-
cidence of this outcome was not statistically significant. Data for perinatal 
hypoglycaemic events was found only in Jovanovic 1999 (IL: 0% vs. HI: 0%).
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Conclusion: Based on this data, there is no evidence that SA-I have ben-
efits with regard to maternal and perinatal outcomes compared to HI when it 
comes to the therapy of GDM. To answer this question and to evaluate safety 
more evidence on patient-relevant outcomes is urgently needed.

Results of SA-I vs. HI
Maternal outcomes Jovanovic 1999a

(n=42)
Mecacci 2003a

(n=65)
Pettitt 2007b 

(n=27)
HbA1c (1st trimester)
HbA1c (3rd trimester)

% 5.1 vs. 5.2
-

-
5.2 vs. 5.1

4.2 vs. 4.8
5.2 vs. 5.2

Caesarean section delivery events 7 vs. 6 7 vs. 6 -
Hypoglycaemia 0.9 vs. 2.2

(% of measure-
ments)

- 11 vs. 5
(persons with 
events)

Severe hypoglycaemia events - - 0 vs. 0
Hyperglycaemia events 4.0 vs. 5.5*

(% of measure-
ments)

- -

Perinatal outcomes
Neonatal death events - - 1 vs. 0
Malformations events 0 vs. 0 - 0 vs. 2
Hypoglycaemia events 0 vs. 0 - -
LGA / Macrosomia % 0 vs. 0c 8 vs. 12.5c 0 vs. 0d

a IL vs. HI, b IA vs. HI, c LGA, d Macrosomia (not specified),
- = not available; * = statistically significant difference

Supported by: IQWIG
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Pregnancy and type 1 diabetes: St Vincent declaration 20 years later, an 
alarming observation
M. Floriot1, G.-A. Séry1, C. Langbour2, O. Ziegler3, P. Judlin1; 
1Maternité Régionale, 2Endocrinologie, Centre Hospitalier Universitaire, 3Di-
abétologie - Maladies Métaboliques, Centre Hospitalier Universitaire, Nancy, 
France.

Background and aims: In 1989, the St Vincent’s declaration stated that the 
outcome of diabetic pregnancy should approximate the one of non diabetic 
pregnancy within 5 years. What is the situation 20 years later ?
Materials and methods: We conducted a retrospective study in a French re-
gional university maternity on the outcomes and management of 117 preg-
nancies between 2000 and 2007. These 117 pregnancies occurred among 85 
diabetic women (maternal age = 29.6 ± 5.4 years, diabetes duration = 14.4 
± 7.0 years, pregestational BMI = 24.1 ± 4.0 kg/m2, preconceptional HbA1c 
= 8.1 ± 1.7 %). The data were compared to the results of the 2003 French 
perinatal survey.
Results: 100 births were reported. There were 19 spontaneous abortions. A 
preconception care program was implemented in only 42% of the pregnan-
cies. Gestational hypertension or pre-eclampsia occurred in 22.2% of the 
women (6.1% in the general population). Perinatal mortality (4.3%), severe 
congenital malformations (3.9%) and prematurity (37%) were above cor-
responding rates in the general population (respectively 0.7%, 2.2%, 7.2%). 
Caesarean section rate was increased 2.5-fold in diabetic women (54 vs 20%). 
A preconception HbA1c level < 7% (26.2% of the pregnancies), was associ-
ated with a significant reduction in preterm delivery (p=0.05). This level of 
blood glucose control depended mostly on the implementation of a precon-
ception care program.
Conclusion: Twenty years after the St Vincent declaration, pregnancies in 
patients with Type 1 diabetes remains at high risk (perinatal mortality x 6, 
prematurity x 5, vascular complications x 3.6, caesarean section x 2.5, severe 
congenital malformations x 2).
The implementation of a preconception care program remains insufficient 
despite the knowledge of the risks and the availability of means to reduce the 
obstetrical and neonatal complications. The reasons for this insufficient pre-
conception care remain partially unknown. Counselling women with Type 1 
diabetes before conception is essential. They should be provided with a man-
agement plan that will help them to live a nice pregnancy.

1189
Prognostic importance of the intensive diabetes mellitus control prior to 
conception and pregnancy for mother and child
J. Taton1,2, A. Czech1, I. Raźna1, M. Mironiuk1, M. Bernas1; 
1Chair and Department of Internal Diseases and Diabetology, Warsaw 
Medical University, 2Chair and Department of Internal Diseases and 
Diabetology, Warsaw, Poland.

Background and aims: Therapeutic “near normalization” of metabolism and 
of clinical status positively influence in a specific way many life functions of 
the person with diabetes mellitus. It could be assumed, that it involves also 
the complex factors of the reproduction in women with diabetes mellitus type 
1: 1) early in the preconception and conception and 2) later during preg-
nancy periods. The application of the intensive therapy in the early (1) period 
has the preventive influence and is connected with planning the pregnancy. 
Intensive therapy applied during already existing pregnancy comes too late, 
is less effective in shaping the prognosis for mother and child. In order to 
examine this thesis the study involving both types of intervention time was 
executed.
Materials and methods: In Diabetological-Obserical Centre based on close 
cooperation between both sides - diabetological and obstetrical - of care the 
cohort at 118 women with diabetes mellitus type 1 was formed. They did not 
present any of organ complications of diabetes mellitus beside simple retin-
opathy (class B, C and D). This cohort underwent the routine clinical ex-
amination and entered the study program. The cohort was subdivided into 2 
subgroups:1) 31 women planning conception and pregnancy - the preventing 
subgroup and 2) 88 women already pregnant in a non-planned group - the 
late intervention subgroup. They were similar in typical clinical parameters - 
age, BMI, absence of additional diseases and therapies, smoking and behavio-
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ral parameters. In both subgroups the intense metabolic and clinical therapy 
program was applied. All women in the planning group become pregnant 
after - in average - 1 year of the program and continued it during pregnancy 
according to the study protocol.
Results: Diabetological data - mean values of HbA1c in consecutive trimesters 
were statistically lower in the group planning the pregnancy than in the non 
planning group (6,4%, 5,84%, 5,67% vs 7,0%, 6,33%, 6,28%; p<0,05, p<0,05 
i p<0,001). There were also significant differences in the general clinical pa-
rameters like number of hyperglycemia episodes, blood lipids concentration 
and in compliance behavior. 8 put of 9 cases of the worsening of retinopa-
thy occurred in the non-planning - late intervention subgroup. Obstetrical 
data.1) Late intervention (non-planning) subgroup: in 88 women occurred 
2 spontaneous abortions, in 86 delivered children 8 had major congenital 
abnormalities. The early (1 month) death rate of children in this group was 
3,4%. This was accompanied by the Hb1c average level of 8.23%. Planning, 
preventive subgroup: no spontaneous abortions or congenital malformations 
occurred. The average HbA1c level was 6,92% (p<0,01). Early death at chil-
dren was not observed.
Conclusion: Planning the fertilization and pregnancy enabling the intro-
duction of intensive metabolic and clinical therapy in average 1 year before 
conception significantly improves the metabolic and clinical parameters of 
diabetes control. It is correlated with the decrease of the risk of worsening 
of retinopathy, spontaneous abortion and congenital malformations. The 
preconceptional intensive therapy program applied in average 1 year before 
pregnancy is effective in improving the prognosis for mother and the child.
Supported by: Warsaw Medical University Grant

1190
Pregnancy-induced increase in IGF-I is associated with progression of 
diabetic retinopathy
L. Ringholm Nielsen1, M. Vestgaard1, C.S. Laugesen2, A. Juul3, P. Damm4, 
E.R. Mathiesen1; 
1Endocrinology, 2Ophtalmology, 3Growth and Reproduction, 4Obstetrics, 
Rigshospitalet, Faculty of Health Sciences, Copenhagen, Denmark.

Background and aims: To evaluate the influence of Insulin-like Growth fac-
tor-I (IGF-I) and placental growth hormone on progression of diabetic retin-
opathy during pregnancy in women with type 1 diabetes.
Materials and methods: Prospective study of 94 consecutively included 
pregnant women with type 1 diabetes for median 16 years (range 1-36) and 
median HbA1c 6.7% (range 5.2-10.5) in early pregnancy. At 8, 14, 21, 27 and 
33 gestational weeks blood samples were drawn for IGF-I, placental growth 
hormone and HbA1c analyses and blood pressure was recorded. Fundus pho-
tography was performed at 8 and 27 weeks. Diabetic retinopathy was classi-
fied in five stages. Progression was defined as at least one stage of deteriora-
tion of retinopathy and/or development of macular oedema on at least one 
eye and/or loss of visual acuity ≥0.2 on Snellen’s chart.
Results: Placental growth hormone and IGF-I increased throughout preg-
nancy and progression of diabetic retinopathy occurred in 24 (26%) women. 
In a multivariate logistic regression analysis, progression of diabetic retin-
opathy was associated with a steeper increase in IGF-I levels from 8 to 33 
gestational weeks (p=0.02) and higher systolic blood pressure at 8 gestational 
weeks (p=0.01) independent of placental growth hormone and HbA1c lev-
els. At 8 gestational weeks IGF-I levels were comparable in women with and 
without progression (p=0.40). However, the steeper increase resulted in 11% 
higher IGF-I levels (p=0.049) throughout pregnancy in women with progres-
sion compared with women without progression while similar levels of pla-
cental GH (p=0.70) and HbA1c (p=0.74) were observed.
Conclusion: Pregnancy-induced increase in IGF-I levels is associated with 
progression of diabetic retinopathy independent of changes in HbA1c.

1191
Prevalence and progression of diabetic retinopathy during pregnancy in 
women with type 2 diabetes
K.L. Rasmussen, C.S. Laugesen, L.R. Nielsen, P. Damm, E.R. Mathiesen; 
Center for Pregnant Women with Diabetes, Departments of Endocrinology, 
Obstetrics and Ophthalmology, Rigshospitalet, Faculty of Health Sciences, 
University of Copenhagen, Denmark.

Background and aims: To study the prevalence and risk of progression of 
diabetic retinopathy during pregnancy in women with type 2 diabetes.

Materials and methods: In 80 out of 108 (74%) consecutively referred preg-
nant women with type 2 diabetes retinopathy status was available. Fundus 
photography was performed at median 10 (range 6-21) and 28 (27-37) ges-
tational weeks. Diabetic retinopathy was classified in five stages. Progression 
was defined as at least one stage of deterioration of diabetic retinopathy and/
or development of macular oedema on at least one eye between the two ex-
aminations. Significant loss of visual acuity was defined as a deterioration of 
≥0.2 on Snellen’s chart and macular oedema was defined as retinal thickening 
and/or hard exudates within the macula area of 1500 um in diameter. Clinical 
parameters were obtained from the medical records.
Results: Diabetic retinopathy was present in 11 (14%) women in early preg-
nancy, mainly mild retinopathy. Duration of diabetes was 3.7 years (3.3) 
(mean (SD)), HbA1c 6.6% (1.1), BP 121 (12) / 72 (9) mmHg in early preg-
nancy and 22 (28%) women were on insulin treatment prior to pregnancy. 
During pregnancy 74 (93%) were treated with insulin and 11 (14%) with 
antihypertensive treatment. At 34 weeks mean HbA1c was 5.7% (0.6%) and 
BP 124 (16) / 75 (9) mmHg. During pregnancy progression of diabetic retin-
opathy (including new-onset) was seen in 11 (14%) women. Mainly mild 
progression occurred (table 1), but one woman progressed in both eyes from 
mild diabetic retinopathy to sight-threatening proliferative retinopathy, clini-
cal significant macular oedema and impaired vision. She had a diabetes dura-
tion of five years and became unplanned pregnant with a HbA1c of 13.2%, 
uncontrolled hypertension and proteinuria. Another woman developed pre-
proliferative changes. Two cases with macular oedema in early pregnancy re-
gressed during pregnancy. Women with progression of diabetic retinopathy 
during pregnancy were characterized by a longer duration of diabetes (p = 
0.03), more prevalent insulin therapy prior to pregnancy (p = 0.004). At 10 
weeks a higher HbA1c and a higher diastolic blood pressure in women with 
progression did not reach statistical significance (p = 0.13 and p = 0.12).
Conclusion: Despite a low risk of progression of retinopathy in pregnant 
women with type 2 diabetes, development of macular oedema with impaired 
vision and proliferative retinopathy did occur. Screening for diabetic retin-
opathy in pregnancy in women with type 2 diabetes should follow the recom-
mendations for type 1 diabetes.

1192
Preeclampsia; prevalence and risk factors in women with diabetes 
mellitus
A. Abd EL Rahman1, A. Mc Carthy1, R.G. Firth1, S. Daly2, B. Kinsley1; 
1Diabetes Mellitus/Endocrinology, Mater University Hospital, 2Obstetrics & 
Gynaecology, Coombe Women University Hospital, Dublin, Ireland.

Background and aims: The rate of preeclampsia(PE) is 4-7% in non-diabetic 
subjects. The aims of this study are to determine the rate of preeclampsia in 
diabetic women and the association between preeclampsia and maternal age, 
parity, duration of diabetes and glycemic control, during the first trimester, in 
type 1 and type 2 Diabetes Mellitus (DM).
Materials and methods: Analysis of retrospectively collected data of 726 pa-
tients was performed. Patients were stratified according to the type of Dia-
betes they have. Those who are known to have hypertension or nephropathy 
were excluded from the analysis.
Results: A total number 619 women had type 1 DM while 107 had type 2 
DM. Preeclampsia was diagnosed in 11.6%(72/619) and 13.1%(14/107)of 
women with type 1 and type 2 DM respectively.
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PE found to be higher in younger women (P= 02), nulliparous women 
(P=0.0002) with type 1 DM. Women with type 2 DM were found to be older 
(P=0.04) and to be multiparous(P= 0.001) compared to those who did not 
have preeclampsia. Women with type 1 Diabetes Mellitus had higher fructo-
seamine (P=0.04) and higher insulin requirement (P=0.003) in the first tri-
mester compared to those who did not have preecalmpsia. Women with type 
2 DM had higher HbA1c% (P=0.03) than those who did not have preeclamp-
sia. Duration of DM was not found to be associated with preeclampsia.
Conclusion: We concluded that the rate of preeclampsia in women with DM 
is double that of non diabetic women. Maternal age, parity and glycemic con-
trol, in the first trimester, are significant risk factors for the development of 
preeclampsia in women with DM

1193
Efficacy and safety of continuous subcutaneous insulin infusion therapy 
in pregnancy complicated by type 1 diabetes
K. Cyganek1, A. Hebda-Szydło1, B. Katra1, T. Klupa1, I. Kaim2, J. Skupien3, 
A. Reron2, J. Sieradzki1, M.T. Malecki1; 
1Department of Metabolic Disease, Jagiellonian University, Krakow, Poland, 
2Department of Obstetrics and Perinatology, Jagiellonian University, 
Krakow, Poland, 3Joslin Diabetes Center, Harvard Medical School, Boston, 
United States.

Background and aims: Excellent glycemic control during pregnancy in 
women with type 1 diabetes (T1DM) is required to improve maternal and 
neonatal outcomes. Two regimes of insulin therapy are used to achieve this 
goal: multiple daily injections (MDI) and continuous subcutaneous insulin 
infusion (CSII). We report the results of a large, observational study that com-
pared efficacy and safety of CSII and MDI in pregnant women with T1DM.
Materials and methods: From 2002 to 2008, we examined 255 women 
with T1DM. There were 147 subjects on MDI and 108 patients on CSII. The 
groups did not differ by age (mean 29.0±4.0 vs. 28.4 years±6.0; p=0.3, re-
spectively) and duration of T1DM (mean 12.4±7.3 vs. 11.4±7.4 years; p=0.3, 
respectively). In 59.3% of CSII patients, pump therapy was initiated before 
the conception, while the rest underwent training and received the insulin 
pumps through the first trimester. We compared HbA1c level achieved by 
each treatment regimen, insulin dose, weight gain, birth weight, frequency of 
adverse pregnancy outcomes and number of C-sections. The estimated differ-
ences between treatment regimens were adjusted for baseline characteristics, 
such as age, diabetes duration, BMI and baseline HbA1c.
Results: The CSII did not differ from MDI by HbA1c in the 1st trimester 
(6.8% vs 6.9%, p=0.7). It similarly improved in both groups during 2nd and 
3rd trimester to 5.8% (p=0.9). However, women on CSII gained more weight 
during pregnancy than those on MDI (14.5 vs. 12.5, p=0.002). There was 
no difference in duration of gestation and birth weights (38.2 weeks vs. 38.2 
weeks, p=0.4; 3.46 kg for CSII vs. 3.47 kg, p=0.8, for CSII and MDI, respec-
tively). Similarly, no difference occurred between CSII and MDI in Small for 
Gestational Age and Large for Gestational Age frequencies (6.7% vs. 9.0%, 
p=0.8 and 19.0% vs. 18.8%, p=0.3, respectively). The frequency of stillbirths 
and fetal malformations was similar in both groups (5.6% vs. 9.3%, p=0.7). 
The frequencies of C-sections did not differ significantly between the study 
groups (p=0.3).
Conclusion: In summary, both CSII and MDI can provide excellent glycemic 
control in pregnant women with T1DM, thus, limiting the risk of adverse 
pregnancy outcomes. This model, however, seems to predispose to a larger 
weight gain in mothers.

1194
Relationship between mean blood glucose values and HbA1c in diabetic 
pregnant women
G. Papageorgiou, K. Makris, K. Economou, A. Athanasiadou, M. Alevizaki, 
E. Anastasiou; 
Alexandra Hospital, Athens, Greece.

Background and aims: Previous studies have confirmed a close relationship 
between mean blood glucose (MBG) derived from self blood glucose meas-
urements and HbA1c in patients with type 1 and 2 diabetes. Recently it was 
proposed (ADAG study) that HbA1c can be expressed as estimated average 
glucose values. The strength of this relationship during pregnancy is unclear 
due to various physiological changes. The aim of the study was to establish the 
strength of the association between MBG profiles in diabetic pregnancies and 
HbA1c at each trimester of pregnancy.

Materials and methods: In 42 pregnant women with type 1 DM a 7-point gly-
caemic profile (before and 1h after meals, and at bedtime) was performed daily 
throughout pregnancy with a portable glucose meter. Target BG values were: 
70-90mg/dl before meals, 100-130 mg/dl after meals. To achieve this, intensified 
insulin therapy with frequent adjustments was applied. MBG of each trimester 
was correlated with HbA1c measured at the end of each trimester (HPLC Me-
narini-Arkray HA8160). The accuracy of self monitoring of glucose measure-
ments was tested at hospital visits where each patient had simultaneous meas-
urements of blood glucose by her portable meter and by the laboratory method 
(hexokinase). Their correlation was highly significant (r=0.9444, p<0.001).
Results: Mean HbA1c, MBG and number of self measurements at each tri-
mester are shown in Table 1. The range of HbA1c values was 4.1-7.8%. In 
the 1st trimester a positive correlation was observed between MBG (y) and 
HbA1c (x), where: y= 12.57 x + 54.68 (r=0.522, p<0.001). In the 2nd trimes-
ter the correlation was y =14.75 x+41.41 (r=0.5834, p<0.001) and in the 3rd 
it was y=11.85 x+51.51 (r=0.531, p<0.001). These equations were different 
to the ADAG study. No correlation was found between HbA1c and MBG of 
pre- or post-meal measurements.
Conclusion: The relationship between MBG and HbA1c in pregnant women 
with pre-existing diabetes differs significantly from that of non-pregnant dia-
betic subjects, as observed in the ADAG study. Possible explanations were 
that pregnancy is not a glucose stable state, also the range of HbA1c observed 
in pregnancy was narrower than in non-pregnancy, and finally the physiolog-
ical changes per se that occur in pregnancy.More data are needed to confirm 
these findings. 

Table1. Mean HbA1c, MBG and Self-Measurement
MBG (mg/dl) BG Measurements HbA1c (%)
x+SD n x+SD

1st Trimester 129 (19.3) 343 5.9 (0.8)
2nd Trimester 120 (16.0) 686 5.3 (0.6)
3rd Trimester 114 (14.2) 441 5.3 (0.6)

1195
A real-time continuous glucose monitoring for diabetic women during 
the delivery
A. Ghio, C. Lencioni, F. Romero, F. Pancani, A. Bertolotto, M. Aragona,  
S. Del Prato, L. Volpe, G. Di Cianni; 
Departement of Endocrinology and Metabolism, Section of Diabetes, 
University of Pisa, Italy.

Background and aims: Optimal maternal glucose control before and during 
delivery is recommended to avoid neonatal hypoglycaemia in newborns of 
diabetic mother. This can be prevented by frequent measurements of mater-
nal glycaemia and coordinated glucose/insulin infusion. Continuous Glucose 
Monitoring (CGM) allows time-to-time glucose assessment and, therefore, it 
may provide a better opportunity for maternal glycaemic control at delivery. 
The aim of this study was, then, to evaluate CGM efficacy during the delivery 
on maternal glucose control and on the prevention of neonatal hypoglicaemia.
Materials and methods: We studied 13 diabetic women treated with inten-
sive insulin therapy (DM1: n 8, DM2: n 2 and GDM: n 3), undergoing de-
livery with elective C-section (CS). In all women CGM (GUARDIAN®) was 
applied 24 hours before delivery. On the morning of the CS a dual channel 
infusion pump started for intravenous infusion of 5% dextrose and insulin 
(0.5 UI/ml). To achieve the glycaemic target (90-120 mg/dl), infusions were 
adjusted by predefined algorithms (ADA recommendations 2008) based on 
the glucose values registered by CGM.
Results: Average delivery time was 36±1 weeks of gestation, six women hav-
ing preterm delivery. Mean glucose values at 24, 8 and 1 hours before de-
livery were 119±14, 115±22 and 108±11 mg/dl, respectively. At birth time 
maternal glycaemia was 103±19 mg/dl and 1 and 2 hours after the delivery 
increased to 110±29 and 143±35 mg/dl, respectively. All babies were alive 
with birth-weight of 3203±406 g.(3 newborns were LGA) with Apgar at 5’ of 
8.8. Neonatal hypoglycaemia (<30 mg/dl 1h after birth time) occurred in 2 
cases (both in preterm newborns). The neonatal plasma glucose value at 60’ 
after the birth (37±6 mg/dl) was inversely related to maternal glucose levels at 
24, 8 and 1 hours before the delivery and at birth time (all the p<0.01). After 
multivariate analysis, only the maternal glicaemia at birth time remains inde-
pendently correlated with the neonatal glycaemia (F test = 20.4%; p<0.01)
Conclusion: This observation, although limited, support the possibility that 
common use of CGM during the delivery may help to control maternal glyc-
emia and prevent neonatal hypoglicaemia.
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PS 110 Intrauterine development 
and observations in children
1196
Maternal undernutrition during the first half of gestation accelerates the 
age-related insulin resistance, and promotes hepatic lipid deposition in 
the adult offspring in a sex-specific manner
M.P. Ramos Alvarez, J. Sevillano, M. Limones, J. de Castro, J. Marciniak,  
E. Herrera; 
Biochemistry, Molecular and Cellular Biology, Faculties of Pharmacy and 
Medicine, University CEU San Pablo, Madrid, Spain.

Background and aims: Epidemiological studies have linked low birth weight 
with the risk of a number of chronic diseases in adulthood. In this context, 
it has been proposed that intrauterine malnutrition enhances the risk to de-
velop diabetes in later life. Since the accumulation of fat depots in maternal 
tissues takes place during early pregnancy, we hypothesized that it may play 
a key role in the availability of nutrients to the foetus with long-term conse-
quences. Thus, the aim of this work was to determine whether an impairment 
of the mother to build up fat depots during early pregnancy would affect lipid 
metabolism, and alter the glucose/insulin axis in adult offspring.
Materials and methods: From mating, one group of pregnant rats was fed 
ad libitum (controls, C) whereas another group was allowed to eat 60% the 
amount fed by C until day 12 of pregnancy (underfed, U). From this time on, 
all the animals were fed ad libitum. During lactation, litters were adjusted to 
9 pups per dam and they were weaned at 21 days of age. From this time to 
19 months age (19 m), body weight and biochemical parameters were de-
termined. At different ages, insulin sensitivity index (ISI) was quantified by 
means of glucose and insulin values in OGTT. Insulin-stimulated phosphor-
ylation of the insulin receptor was analyzed in adipose tissue of 4 m old pups 
as index of tissue insulin sensitivity. Hepatic lipid content and the expression 
and activity of enzymes involved in lipid synthesis were analyzed in 19 m 
old pups.
Results: At 12 d of pregnancy, lumbar adipose tissue of U mothers weighed 
less than C. When compared to the C group, newborns of U dams had lower 
body weight, this effect disappeared at weaning. The ISI values appeared 
lower in 4 m old males than in females and whereas it was even lower in U 
males than in C pups, with no difference between U and C in females. At 
this age, the insulin-stimulated Tyr-phosphorylation of the insulin receptor 
in adipose tissue was also lower in male U than in C, whereas no difference 
was found in the females. Values of ISI declined faster with age in males than 
in females and at 8 m of age, in both males and females, were lower in U 
than in C pups. The lowest ISI was found in pups from 15 m of age, with no 
difference between U and C groups of either gender. At 19 m lipid accumu-
lation in liver was higher in the females offspring of the U mother, due to a 
higher accumulation of TG and NEFA. By the contrary, no change, or even a 
decreased in Cholesterol and NEFA, was observed in the hepatic lipids in the 
U males. This gender-specific lipid deposition in the liver seems to be caused 
by the delay in the age-dependent decrease of ISI in U females vs. males, 
causing a differential modulation of mRNA/protein expression and activity 
of AMPK, ACC and other enzymes involved in hepatic lipid metabolism in 
males and females.
Conclusion: Maternal undernutrition during the first half of pregnancy 
impairs the accumulation of maternal fat depots and compromises normal 
foetal growth, which permanently alters insulin/glucose relationships in the 
offspring, accelerating the age-related deterioration of insulin sensitivity, ap-
pearing the effect earlier in males than in females. Furthermore, this nutri-
tional alteration in the mother favours liver steatosis in female but not in male 
offsprings later in life.
Supported by: Ministery of Science and Innovation from Spain

1197
Intrauterine milieu influences the mRNA expression and the wiring 
of anorexigenic POMC cells in the arcuate nucleus of offspring from 
diabetic and/or obese dams in mice
B. Sarman1, Z. Liu1, E. Borok1, M. Shanabrough1, J. Bruening2, X. Gao1,  
T. Horvath1; 
1Obstetrics, Gynecology and Reproductive Sciences, Yale University School 
of Medicine, New Haven, United States, 2Mouse Genetics and Metabolism, 
University of Cologne and Center of Molecular Medicine, Cologne, 
Germany.

Background and aims: We tested how altered perinatal metabolic milieu due 
to maternal hyperglycemia/obesity influences 1) the phenotype of offspring 
and 2) the wiring and mRNA expression of POMC (pro-opio-melanocortin) 
cells in the arcuate nucleus.
Materials and methods: We placed 8-week old females on high fat (HF) or 
low fat normal diet (ND). When body weights (bw) and glucose levels were 
different (p< 0.005) females were set up as breeders. Offspring’s bw, POMC-
mRNA, glucose and insulin levels were monitored. At day 21, mice were 
processed for synaptic analysis of POMC. mRNA were collected at birth and 
21 days. At weaning progeny were placed on ND and followed for 18 weeks.
Results: At birth the body weights of all groups were similar (no gender 
differences). After postnatal day 10, both males and females of HF moth-
ers weighed more than those from ND during lactation. After weaning bw 
difference diminished and remained indistinguishable. After birth POMC-
mRNA levels of HF mothers’ offspring were lower than ND counterparts. 
Blood glucose of newborn pups of HF mothers, was significantly lower than 
that from ND dams, that difference diminished at day 21 however both males 
and females of HF mothers had significantly higher insulin levels than the 
ND offspring. The POMC expression did not differ significantly between 
male groups, but there was a significantly lower POMC mRNA expression in 
female newborn pups of HF mothers. Synaptic input organization of POMC 
neurons of 21-day-old mice from HF mothers were different from that of ND-
mice: inhibitory synapses shifted towards excitatory contacts corresponding 
with electrophysiology. At 21 days, male mice from HF diet mothers had a 
higher POMC mRNA concentration, but the difference is not significant. In 
female mice, there seems to be no difference between the two groups, how-
ever the percentage growth of POMC mRNA from newborn age is bigger in 
the HF group. At day 144, POMC cells number and volume was smaller in HF 
mothers’ offspring than in ND counterparts.
Conclusion: Synaptic input organization of the POMC cells is altered in off-
spring from obese, diabetic mothers, suggesting that increased excitatory in-
put on POMC cells might be due to their altered number and function. This 
might contribute to diet induced obesity later in life. The body-weight chang-
es, however, showed that overfeeding of mothers does not result in obesity 
of offspring while they are on ND. POMC mRNA expression is decreased in 
newborn female pups from HF/diabeitc mothers which may indicate a gen-
der specific sensitivity to the intrauterine milieu and/or the different effect of 
female and male hormones on the development of the melanocortin system 
under altered intrauterine conditions. The POMC cell number and volume 
differences found at older age might indicate the long term effect of these 
early intrauterine conditions.
Supported by: NIH

1198
FTO is expressed in human placenta and is related to birth weight and 
placental visfatin
J. Bassols1, A. Prats-Puig1, M. Martínez-Pascual2, P. Avellí2,  
R. Martínez-Martínez2, M. Gifre2, M. Piqué2, M. Bruel2, J. Reid2, L. Ibáñez3,4, 
A. López-Bermejo1; 
1Pediatrics, Dr. Josep Trueta Hospital, Girona, 2Obstetrics and Gynecology, 
Salut Empordà Foundation, Figueres, 3Pediatric Endocrinology, Sant Joan 
de Déu Children’s Hospital, Barcelona, 4CIBERDEM (Center for Network 
Biomedical Research in Diabetes and Related Metabolic Diseases) ISCIII, 
Madrid, Spain.

Background and aims: The fat mass and obesity associated gene (FTO) has 
been found to contribute to obesity risk in adult subjects. The loss of the FTO 
gene in mice leads to postnatal growth retardation and to a significant reduc-
tion in fat and lean mass. Visfatin, a newly described adipokine, is strongly 
expressed in fetal membranes. In adipose tissue, the expression of visfatin 
correlates with that of FTO gene. Our aim was to assess whether the FTO 
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gene is expressed in human placenta and whether it correlates with fetal 
growth and placental visfatin.
Materials and methods: Human placentas from 83 Caucasian women with 
uncomplicated pregnancies were obtained at delivery after informed consent. 
Clinical variables of the newborns were assessed. FTO, visfatin and house-
keeping genes (TATA box binding protein and Succinate dehydrogenase 
complex, subunit A) were quantified in placental tissue by real-time PCR us-
ing TaqMan probes. A relative quantification was used using the delta-delta 
Ct formula. 
Results: FTO was highly expressed in human placenta and was independ-
ently and directly related to newborn’s weight and length (both p<0.001) and 
to the fetal-to-placental weight ratio (p<0.05). FTO gene expression was also 
directly related to visfatin gene expression (p<0.0001).
Conclusion: For the first time to our knowledge, we describe that the FTO 
gene is expressed in the human placenta and is directly associated with meas-
ures of fetal growth and to placental visfatin expression. The role of the FTO 
gene in the regulation of body weight is herein suggested to include prenatal 
development.
Supported by: the National Institute of Health Carlos III.

1199
Maternal fatty acid status during pregnancy and risk of type 1 diabetes in 
the offspring
I.M. Sørensen1, G. Joner1, P.A. Jenum2, A. Eskild3, L.C. Stene4; 
1Dep. of Pediatrics, Oslo University Hospital, Ullevål, Oslo, 2Dep. of 
Microbiology, Asker and Bærum Hospital, Bærum, 3Dep. of Obstetrics 
and Gynecology and the Medical Faculty Division, Akershus University 
Hospital, University of Oslo, 4Division of Epidemiology, Norwegian Institute 
of Public Health, Oslo, Norway.

Background and aims: A recent prospective study found that n-3 fatty acids 
in the diet and in membranes of red blood cells of children predicted a lower 
risk of islet autoimmunity, and we have previously found an association be-
tween use of cod liver oil by the mother during pregnancy or by the child in 
the first year of life and lower risk of type 1 diabetes (T1D). Cod liver oil is 
a rich source of the long chain n-3 fatty acids eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) in the Norwegian population. We aimed to 
test whether maternal EPA and DHA in the phospholipid fraction of serum 
samples taken in pregnancy (as marker of EPA and DHA dietary intake) pre-
dicted lower risk of T1D in the offspring.
Materials and methods: In a prospective cohort of nearly 30 000 pregnant 
women who gave birth in Norway during 1992-94, we analyzed serum sam-
ples from 106 pregnant mothers whose child developed T1D and 125 moth-
ers whose child did not develop T1D before 15 years of age. The sera were 
stored at -20oC until analysis in 2008/9. Cases were identified by record link-
age to The Norwegian Childhood Diabetes Registry. Controls were randomly 
chosen. Fatty acid status was expressed as the proportion of EPA and DHA of 
the total phospholipids in serum, analyzed using solid phase extraction and 
gas chromatography (GC) with flame ionization detection.
Results: There was no evidence for any association between EPA or DHA in 
maternal serum and risk of T1D in the offspring. Odds ratio (OR) for upper 
vs. lower quartile for EPA: OR=0.9 (95% CI 0.4-2.0), test for trend: p=0.6, and 
for DHA: OR= 0.7 (95% CI 0.3-1.5), test for trend p=0.5. The median level of 
both EPA (0.2% in cases and 0.2% in controls) and DHA (1.1% in cases and 
1.1% in controls) was similar in cases and controls.
Conclusion: There was no association between maternal EPA or DHA status 
during pregnancy and risk of T1D in the offspring.
Supported by: Oslo Diabetic Research Centre

1200
Insulin resistance and secretion indexes in healthy Italian children and 
adolescents: a multicentre study
G. d’Annunzio1, M. Vanelli2, A. Pistorio3, N. Minuto1, L. Bergamino1,  
D. Iafusco4, R. Lorini1; 
1Department of Pediatrics, G. Gaslini Institute, Genoa, 2Department of 
Pediatrics, University of Parma, 3Department of Biostatistics, G. Gaslini 
Institute, Genoa, 4Department of Pediatrics, 2nd University, Naples, Italy.

Background and aims: Type 2 diabetes mellitus (T2DM) is a metabolic dis-
order of heterogeneous etiology with social, behavioural and environmental 
risk factors. Studies in populations at risk of T2DM reported that insulin re-

sistance is an early abnormality detectable in the normoglycemic, pre-diabet-
ic state, and that the worsening of insulin resistance leads to fasting hypergly-
cemia, impaired glucose tolerance and clinical diabetes mellitus. We aimed to 
establish normal values of insulin resistance, secretion and sensitivity indexes 
i.e. HOMA-IR, HOMA-β% and QUICKI in healthy Italian children and ado-
lescents, based on fasting samples. 

N 2.5th 5th 10th 25th Median 75th 90th 95th 97.5th

HOMA-IR
TS 1 73 0.28 0.42 0.55 0.74 1.28 1.67 2.11 2.20 2.69
TS 2-3 45 0.37 0.38 0.57 0.81 1.20 1.87 3.08 3.61 4.02
TS 4-5 24 0.42 0.73 0.79 1.08 1.71 2.59 3.63 3.64 4.36
HOMA-β%
TS 1 73 32.8 43.3 48.9 67.8 100.2 131.3 157.0 192.1 683.9
TS 2-3 45 24.6 34.4 41.2 55.0 100.4 163.7 259.4 523.4 548.8
TS 4-5 24 32.8 51.2 55.5 113.7 183.9 265.0 403.4 421.8 487.4
QUICKI
TS 1 73 0.33 0.34 0.34 0.35 0.37 0.40 0.43 0.45 0.49
TS 2-3 45 0.31 0.32 0.32 0.35 0.37 0.40 0.42 0.46 0.46
TS 4-5 24 0.31 0.32 0.32 0.33 0.35 0.38 0.40 0.40 0.45

Methods: We determined HOMA-IR, HOMA-β% and QUICKI at baseline 
in 142 healthy subjects from Pediatric Centres, aged 2.7 to 19 years (10.6±3.8, 
Mean±SD), with different Tanner pubertal stages (TS). None had hypo/hy-
perglycemia (fasting plasma glucose ranging from 3.6 to 5.6 mmol/l), obesity 
(BMI 17.9±2.4 kg/m2 M±SD), or family history for diabetes mellitus. The fol-
lowing formula were used: for HOMA-IR: fasting plasma insulin in mU/l × 
FPG in mmol/l/22.5; for HOMA-β%: 20 × (fasting insulin in mU/l)/(fasting 
glucose in mmol/l - 3.5), for QUICKI: 1/(log10 fasting plasma insulin in mU/l 
+ log10 glucose in mg/dl).
Results: The HOMA-IR index slightly increases with Tanner stage. As re-
gards HOMA-β% and QUICKI, a weak variation throughout puberty was ob-
served. No significant correlation was observed between HOMA-IR, HOMA-
β%, QUICKI and BMI-SDS or chronologic age.
Conclusion: Normal values of HOMA-IR, HOMA-β% and QUICKI are use-
ful tools in the clinical and epidemiological practice for baseline screening 
and follow-up of subjects at risk for type 2 diabetes mellitus.

1201
Coeliac disease precedes the development of type 1 diabetes in children 
with both diseases
G.E. Frisk, I. Dahlbom, T. Tuvemo, T. Hansson; 

Department of Womens and Childrens Health, Uppsala University, Sweden.
Background and aims: The prevalence of celiac disease (CD) is higher in 
patients with type 1 diabetes (T1D). It is assumed that T1D develops first 
accompanied by an increased risk of developing CD and other autoimmune 
diseases. However, we hypothesised that untreated CD may lead to the sub-
sequent development of T1D in some children. The HLA-DQ genotype dis-
tribution in T1D has changed over time in Sweden, the risk HLA shared by 
both diseases has increased with 7% during a ten years period. One of the 
reasons for the increased incidence of T1D might be the increased consump-
tion of gluten.
Materials and methods: Anti-tTG were measured in serum samples from 
169 T1D children collected at T1D onset, 88 siblings of the T1D children, 
and 96 age and sex matched control children. CD was confirmed with a small 
intestinal biopsy showing villous atrophy. Antibodies against the islet auto-
antigens, GAD64 and IA-2, were also measured.
Results: In total, 17/169 T1D children, 6/88 siblings and 3/96 control chil-
dren had elevated serum levels of anti-tTG. Five children had confirmed CD 
before T1D onset, and 12 children were diagnosed after T1D onset. Notably, 
11/12 children had elevated anti-tTG levels at T1D onset, and the remain-
ing child was positive in a follow up sample six months later. The prevalence 
of biopsy confirmed CD at T1D onset was 10.1%. None of the siblings had 
symptoms indicating CD, despite anti-tTG positivity, and so far CD has been 
confirmed in 4/88 (4.5%) of the siblings. Antibodies against IA-2 were de-
tected in 70% of the T1D children and in 5% of the siblings. Against GAD65 
the corresponding figures were 60% and 13.5%. There were no correlation of 
CD and T1D related antibodies.
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Conclusion: The presence of anti-tTG at T1D onset indicates that CD pre-
cedes T1D in children with both diseases. The leaking gut syndrome with 
sub clinical inflammation is associated with T1D onset (Vaarala O 2008) and 
infections with enteric viruses such as enterovirus has for long been associ-
ated with T1D and in children with CD the spread of enteroviruses to other 
organs, such as the pancreas, would be facilitated with the viral receptor, a 
protein of the tight junction, made accessible to the virus. Moreover, the lack 
of correlation between the CD related and the T1D related autoantibodies 
implies that this is not a general autoimmunity behind these diseases. If this 
hypothesis is correct and inflammation of the gut precedes T1D, it would be 
possible to prevent the onset of the disease in children with CD by a popula-
tion-based screening program.
Supported by: Gillbergska Foundation, Swedish Diabetes Foundation, Swedish 
Medical Research Council, EU 7th Framework Program

1202
WITHDRAWN

1203
Genetic dependence of urinary enzyme, neutral alpha-glucosidase, in 
diabetic nephropathy in Uzbek children and adolescents with type 1 
diabetes mellitus
A.S. Sadykova; 
Pediatric Endocrinology, Institute of Endocrinology, Tashkent, Uzbekistan.

Aim: To assess clinical-diagnostic value of urinary α-glucosidase activity in 
predicting chronic renal insufficiency in type 1 diabetes mellitus in Uzbek 
children and adolescents.
Materials and methods: We examined 152 children and adolescents of the 
Uzbek population, 122 children and adolescents with type 1 diabetes mel-
litus (51 male and 71 female). By proteinuria the patients were divided into 
3 groups: with normoalbuminuria (NAU) (n=52), with microalbuminuria 
(MAU) (n=50) and marked proteinuria ((MPU) (n=20). 30 children and 
adolescents of matched age and sex were included into the control group. 
The urinary neutral α-glucosidase activity was measured by rate of glucose 
formation from maltose.
Results and discussion: In Uzbek children and adolescents with typ1 diabe-
tes mellitus high incidence of D-allele was observed as diabetic nephropathy 
progressed. II Genotype was registered in 41.6% of cases on the MAU stage, 
but no cases were observed on MOU stage to be the evidence for high pro-
tection of the ACE gene genotype in chronic renal insufficiency progression 
and consistent with data of studies conducted in other ethnic populations. 
For the first time the study on interconnection between activity of urinary 
neutral α-glucosidase activity and ACE gene genotype was performed. It was 
established that urinary neutral α-glucosidase activity depended not only on 
diabetic nephropathy (DN) severity, but on all DN stages in persons with ID 
and DD genotype it was confidently higher than in those with II genotype. 
That is the activity of the enzyme was turned out genetically determined by 
ACE gene.
Conclusion: The findings broaden diagnostic opportunities in assessment of 
urinary neutral α-glucosidase activity not only in early diagnosing of pre-
clinical DN in children and adolescents with type 1 diabetes mellitus, but 
also in predicting progression of terminal DN stages in patients with high 
susceptibility to chronic renal insufficiency. Registration of increase in the 
urinary neutral α-glucosidase in children and adolescents with type 1 dia-
betes mellitus on the pre-MAU stage as a marker of early pre-clinical DN 
stage will allow solving problem of identification of a group with confidently 
high DN predicting and progression risk as well as preventive therapy of the 
complication in question.

PS 111 Treatment in nephropathy, 
hypertension and macrovascular 
disease
1204
Treatment with lisinopril reduces E-selectin and increases adiponectin in 
type 1 diabetic patients with diabetic nephropathy
A.S. Astrup1, K.J. Schjoedt1, F. Persson1, L. Tarnow1, C.D.A. Stehouwer2, 
C.G. Schalkwijk2, H.-H. Parving3, P. Rossing1; 
1Steno Diabetes Center, Gentofte, Denmark, 2Academic Hospital Maastricht, 
Netherlands, 3Rigshospitalet, Copenhagen, Denmark.

Background and aims: New potential treatment targets are evolving from 
knowledge on biomarkers and their involvement in inflammation and en-
dothelial dysfunction. Patients with type 1 diabetes and diabetic nephropathy 
have a high overall risk, and potentially they could benefit from new renopro-
tective treatment modalities. Knowledge on how biomarkers of inflammation 
and endothelial dysfunction are influenced with treatment are scarce, thus we 
sought to examine if treatment with high doses of the ACE-inhibitor lisino-
pril influenced biomarkers in these high risk patients.
Materials and methods: A total of 56 type 1 diabetic patients with diabetic 
nephropathy were included in this double-masked randomized crossover 
trial consisting of three treatment periods. At inclusion, ongoing antihyper-
tensive treatment was discontinued and replaced with slow-release furosem-
ide in individual but fixed doses. After 2 months wash-out period, patients 
were treated in random order with lisinopril 20, 40, and 60 mg once daily, 
each dose for 2 months. The biomarkers C-reactive protein (hsCRP), soluble 
vascular cell adhesion molecule (s-VCAM-1), soluble intercellular adhesion 
molecule (s-ICAM-1), von Willebrand Factor (vWF), soluble E-selectin, and 
HMW adiponectin was measured after the wash-out period (baseline), and 
after each treatment period.
Results: Forty-nine patients completed the study. Seven patients were 
excluded due to mild reversible adverse events with no specific dose-rela-
tionship. All doses of lisinopril effectively reduced albuminuria and blood 
pressure. E-selectin was reduced 11.4% with treatment (p for change with 
treatment <0.001), and adiponectin increased 33.9% with treatment (p=0.008 
and p<0.001). There was no correlation between change in urinary albumin 
excretion and E-selectin or adiponectin during treatment. There were no 
significant differences in levels of any biomarkers between different doses of 
lisinopril. Levels of sVCAM-1, sICAM-1, vWF, and hsCRP were not signifi-
cantly changed with RAS-blockade.
Conclusion: E-selectin, a cell adhesion molecule that binds leukocytes to 
the endothelial cell during inflammation was reduced with ACE-inhibi-
tor treatment. Finally, HMW adiponectin was significantly increased with 
RAS-blockade. Adiponectin is thought to have beneficial effects in regards to 
cardiovascular disease and the elevation may reflect a compensatory mecha-
nism.
Adiponectin was kindly measured by Georg Hess and Dietmar Zdunek, Roche 
Diagnostics

1205
Renoprotective mechanism of ARB in diabetic nephropathy compared 
with TZD
T. Sumita, K. Inukai, K. Imai, D. Ito, T. Awata, S. Katayama; 
Saitama Medical University, Japan.

Background and aims: Although two types of agents, angiotensin II re-
ceptor blockers (ARB) and thiazolidinediones (TZD), are known to reduce 
proteinuria in diabetic nephropathy, the precise mechanisms by which these 
renoprotective effects are exerted remain unclear. To clarify the differences 
between these two agents, we compared their biochemical and pathological 
effects on diabetic nephropathy.
Materials and methods: Two animal models of diabetic nephropathy were 
employed: 16-week old STZ mice, type 1 DM models, were administered STZ 
at 4-weeks of age, and 16-week old db/db genetically obese mice served as 
type 2 DM models. At 16 weeks of age, these mice were given pioglitazone 
(PGZ) or losartan (LOS)-containing chow for 2 weeks (n=4, each).
Results: Vehicle-treated diabetic mice showed early stage diabetic nephropa-
thy: 3, 92 and 362mg albumin/gCr, in non-diabetic, STZ and db/db mice, 
respectively. In treated mice, albuminuria improved significantly, showing 
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83% (PGZ) and 62% (LOS) reductions in STZ mice, and 38% (PGZ) and 45% 
(LOS) reductions in db/db mice. Thus, there were no significant differenc-
es in albuminuria reduction between the two agents. On light microscopic 
analysis, glomeruli were significantly enlarged only in db/db mice, a find-
ing which normalized with PGZ treatment, but not with LOS. On the other 
hand, scanning electron microscopy (SEM) revealed podocyte projections to 
be so shortened and thinned that areas in the gaps between the projections 
were enlarged by 22% in STZ and by 26% in db/db mice, presumably result-
ing in albumin leakage. Interestingly, these conformational changes of podo-
cytes showed marked improvement in LOS-treated mice, i.e., the gap areas 
between projections were diminished to the size of those in control mice, 
while no significant changes were observed in mice given PGZ. The expres-
sions of podocin and nephrin were not significantly changed at either the 
transcription or the protein level in these murine diabetic models, suggesting 
that podocyte destruction is not associated with albuminuria at least in the 
early stage of diabetic nephropathy. The extracellular matrix markers, type IV 
collagen and TGF-β, were both increased in diabetic mice, and both normal-
ized with PGZ or LOS treatment. On the other hand, inflammation markers, 
ICAM-1 and MCP-1, were both increased in diabetic mice, and normalized 
with PGZ, but not LOS, treatment.
Conclusion: Taken together, these observations of renoprotective mecha-
nisms indicate that ARB reverses podocyte conformational damage presum-
ably through hemodynamic change, while TZD reduces mesangial expansion 
through an anti-inflammatory action.

1206
Optimal antiproteinuric dose of the direct renin inhibitor in type 2 
diabetes: a randomized crossover trial
F. Persson1, P. Rossing1, H. Reinhard1, C.D.A. Stehouwer2, C. Schalkwijk2, 
A.J. Danser3, F. Boomsma3, E. Frandsen4, I. Rajman5, W.P. Dole6,  
H.-H. Parving7,8; 
1Steno Diabetes Center, Gentofte, Denmark, 2Dept of Medicine, University 
Hospital Maastricht, Netherlands, 3Dept of Internal Medicine, Erasmus 
MC, Rotterdam, Netherlands, 4Dept of Clinical Physiology and Nuclear 
Medicine, Glostrup University Hospital, Denmark, 5Novartis Pharma AG, 
Basel, Switzerland, 6Novartis Institutes for Biomedical Research, Cambridge, 
United States, 7Dept of Medical Endocrinology, University Hospital of 
Copenhagen, Denmark, 8Faculty of Health Science, Aarhus University, 
Denmark.

Background and aims: The optimal renoprotective dose of the direct renin 
inhibitor aliskiren is not known. The aim of this study was to determine the 
maximum antiproteinuric dose of aliskiren in type 2 diabetic patients with 
albuminuria.
Materials and methods: After one month washout, 26 patients with type 2 
diabetes, hypertension and albuminuria (>30 mg/day) were randomised to 
four consecutive, 2-month treatment periods, with aliskiren once daily:150 
mg, 300 mg, 600 mg and placebo, in random order. Patients also received 
furosemide to control sodium retention and blood pressure (BP). The pri-
mary endpoint was change in urinary albumin excretion rate (UAER) calcu-
lated as the geometric mean of three consecutive 24h collections at the end 
of each treatment period. Secondary measures included change in 24h BP 
and glomerular filtration rate (GFR, 51Cr-EDTA plasma clearance). Placebo 
(baseline) mean UAER was 350 mg/day, mean 24h BP was 137/81 mmHg, 
GFR was 87 ml/min/1.73 m2.
Results: Treatment with aliskiren 150, 300 and 600 mg daily reduced UAER 
significantly by 36%, 48% and 54%, respectively (p<0.001) compared to pla-
cebo. The 600 mg dose produced a significantly larger reduction in UAER 
compared to 150 mg (p=0.025), but not compared to 300 mg, 8% lower dur-
ing 600 mg (95% CI 29,-19) (p=0.517). 24h systolic BP was reduced by 4.5, 8.0 
and 9.2 mm Hg compared to placebo, significant reductions for the 300 mg 
(p=0.001) and 600 mg (p<0.001) groups. 24h diastolic BP was reduced 3.0, 
4.1 and 4.4 mm Hg respectively, all doses significantly different from placebo 
(p=0.019, p=0.001 and p<0.001). There was no difference between the 300mg 
and 600 mg doses of aliskiren in either systolic BP (p=0.598) or diastolic BP 
(p= 0.814) GFR was reduced by 3.0, 5.1 and 6.5 ml/min1.73 m2, significant 
reductions compared to placebo for 300 and 600 mg (p=0.007 and p<0.001). 
All doses were well tolerated. No instances of hyperkalemia were observed. 
The most frequent side effects were dizziness without hypotension (four pa-
tients, one in each treatment group) and fatigue (two patients, one in the 300 
mg and one in the 600 mg group).
Conclusion: In this small study in patients with type 2 diabetes, hypertension 
and albuminuria, the maximum antiproteinuric effect was obtained with al-

iskiren 300 mg, also the maximal antihypertensive dose approved for clinical 
use. Increasing the dose to 600 mg gave marginal non-significant additional 
gain in antiproteinuric effects and BP lowering.
Supported by: Novartis

1207
Protection Against Nephropathy in Diabetes with Atorvastatin 
(PANDA): trial results
M.K. Rutter1,2, R.R. Davies2, J.K. Cruickshank1, H.R. Prais1, M. Gittins3,  
C. Roberts3, V. Charlton-Menys1, A. Moorhouse1, P. Jinadev2, M. France1,2, 
P.G. Wiles4,5, M.J. Gibson1,6, J. Dean7, P.A. Kalra1,6, P.N. Durrington1; 
1Cardiovascular Research Group, University of Manchester, 2Central 
Manchester University Hospitals NHS Foundation Trust, 3Statistics, 
University of Manchester, 4University of Salford, 5Pennine Acute Hospitals 
NHS Trust, Manchester, 6Salford Royal NHS Foundation 7Bolton Primary 
Care Trust, United Kingdom.

Background and aims: A sub-group analysis of the Treating to New Targets 
(TNT) study (N=9656) suggested that in patients with coronary disease high-
dose atorvastatin reduces the progression of nephropathy when compared to 
low dose therapy. There have been no randomised controlled trials (RCT) of 
high- vs low-dose statin therapy to prevent renal dysfunction in diabetes.
Materials and methods: We performed a double-blind RCT of atorvastatin 
80-mg/day vs 10-mg/day in 119 patients with Type 2 diabetes (T2DM) with 
microalbuminuria or proteinuria (albumin creatinine ratio (ACR) >5 mg/
mmol). We excluded those with 24-hour protein excretion >2g or serum cre-
atinine >200 μmol/l. We assessed renal function 3-6 monthly by several meth-
ods and compared the global progression of nephropathy between groups at 
these time points over 2 years using a linear mixed model for longitudinal 
data adjusting for differences in baseline covariates including renal function. 
Blood pressure was actively managed (target <130/75 mm Hg) prior to ran-
domisation and during the trial including therapy with angiotensin II recep-
tor blockers and/or angiotensin converting enzyme inhibitors.
Results: At baseline, mean (SD) age was 64 (10) years, 83% were male; HbA1c: 
7.7 (1.3) %; BP: 131/73 mm Hg. Baseline estimated glomerular filtration rate 
(eGFR) by the Modification of Diet in Renal Disease (MDRD) equation was 
68 (24) ml/min/1.73 m2; median (IQR) urinary albumin excretion (AER) 
was 77 (39-174) μg/min. Over 2-years there were 10 (8%) drop-outs and 7 
deaths leaving complete follow-up data in 102 (86%) patients. During fol-
low-up the MDRD eGFR declined by 0.84 vs 0.62 ml/min/1.73 m2/year in the 
10-mg vs the 80-mg group; the mean (95% CI) between-group difference in 
MDRD eGFR was not significant (2.2 (-1.1 to 5.4) ml/min/1.73 m2, p=0.20; 
positive difference suggests benefit from 80-mg). Similarly, we observed no 
differences in Cockcroft and Gault-estimated creatinine clearance (2.5 (-2.4 
to 7.3) ml/min, p=0.32); creatinine clearance from serum creatinine/24 hour 
urine collections (4.0 (-4.8 to 12.7) ml/min, p=0.38); cystatin C (p=0.69); log 
urine AER (p=0.93); log ACR (p=0.79) or 24-hour urine protein excretion 
(p=0.92). After adjusting for baseline levels, patients taking 80-mg atorvasta-
tin had lower total cholesterol (mean difference 0.7 mmol/l, p=0.01); higher 
HbA1c values (0.3%, p=0.03), and similar BP (p>0.7) compared to those tak-
ing 10-mg. We recorded no significant between-group differences in deaths 
or adverse events.
Conclusion: In T2DM patients with well-controlled BP and early renal dis-
ease we found no difference in the rate of renal dysfunction taking 80-mg vs 
10-mg atorvastatin. We cannot rule out an effect of <1.6 ml/min/1.73m2/year 
on MDRD eGFR, or an effect if BP was less well controlled. The benefits of 
80-mg atorvastatin on lipoproteins, which we are currently investigating, are 
likely to outweigh any deleterious effect on HbA1c.
Supported by: an unrestricted grant from Pfizer UK
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1208
Aliskiren/valsartan combination lowers blood pressure effectively 
irrespective of diabetic status compared to the component 
monotherapies: a post-hoc analysis
S.A. Yarows1, S. Oparil2, S. Patel3, M. Wright4, J. Zhang3; 
1Chelsea Internal Medicine/IHA, United States, 2UAB Vascular Biology 
and Hypertension Program, Birmingham, United States, 3Novartis 
Pharmaceuticals Corporation, East Hanover, United States, 4Novartis 
Pharma AG, Basel, Switzerland.

Background and aims: Hypertension frequently coexists with diabetes mel-
litus, accounting for 75% of the added cardiovascular disease risk in such pa-
tients. Patients with diabetes often have difficulty achieving the recommended 
blood pressure (BP) goal (<130/80 mmHg). The aim of this post-hoc analysis 
was to assess the antihypertensive efficacy of aliskiren (a direct renin inhibi-
tor)/valsartan (an angiotensin receptor blocker) combination compared to 
the component monotherapies in patients with and without diabetes.
Materials and methods: In this double-blind study, 1797 patients (193 with 
diabetes and 1604 without diabetes) with mean sitting diastolic BP [msDBP] 
95 to <110 mmHg were randomized to receive once-daily aliskiren/valsartan 
150/160 mg, aliskiren 150 mg, valsartan 160 mg, or placebo. After 4 weeks 
patients were forced-titrated to double the initial doses. At Week 8 endpoint, 
change from baseline in msDBP, mean sitting systolic BP (msSBP), and the 
proportion of patients achieving the control rates <140/90 mmHg (<130/80 
mmHg if with diabetes) were assessed in the intent-to-treat population.
Results: Baseline characteristics were comparable between the subgroups ex-
cept patients with diabetes had high rate of BMI ≥30 kg/m2 (65.3% vs. 46.0%) 
compared to patients without diabetes. Baseline SPB was slightly higher in 
patients with diabetes compared to patients without diabetes in all treatment 
groups, as expected. At the week 8 endpoint the mean reductions from base-
line in sitting BP for the aliskiren/valsartan combination were largely similar 
for each subgroup (Table). Blood pressure reductions and control rates in the 
aliskiren/valsartan group were greater compared to the component mono-
therapies or placebo in patients with and without diabetes. Overall rates of 
adverse events (AEs) were comparable across the treatment groups and were 
not notably affected by the presence of diabetes (with, 31.6%; without, 36.1%). 
The rate of AEs in diabetic patients were less for the combination group than 
placebo (22.7% vs. 42.5% respectively). However rate of AEs with combination 
were similar to placebo groups in patients without diabetes (36.3% vs. 36.1%, 
respectively). Headache was the most frequently observed AE. Aliskiren/val-
sartan combination was associated with less headache versus placebo in pa-
tients with (6.8% vs. 10.0%) and without diabetes (4.0% vs. 8.9%).
Conclusion: Combination therapy with aliskiren/valsartan reduced BP re-
gardless of diabetic status, provided additional BP-lowering effects compared 
to component monotherapies and was well-tolerated.

Table
Aliskiren/ 
valsartan 

Aliskiren Valsartan Placebo 

Patients with Diabetes (N) 44 59 49 39
Mean baseline BP 157.8/100.9 157.3/100.4 156.9/99.6 158.1/100.0
Change in msSBP, mmHg a -18.4±13.93* -13.2±14.10 -12.9±13.06 -2.2± 14.81
Change in msDBP, mmHga -12.90±9.92* - 9.8±9.28 -9.9±8.36 -4.00± 9.88
Control rate, % (<130/80 
mmHg)b

20.5¶ 13.6 6.1 2.6

Patients without Diabetes (N) 394 371 404 416
Mean baseline BP 152.1/100.0 153.5/100.2 153.9/100.4 153.9/100.5
Change in msSBP, mmHga -16.8±14.93*†‡ -13.00± 15.16 -13.1±13.22 -5.00±13.66
Change in msDBP, mmHga -12.2 ±9.21*†‡ -9.0±8.53 - 9.9±7.96 -4.2±8.33
Control rates, % (<140/90 
mmHg)b

49.7*‡ § 38.3 34.4 16.8

*p<0.0001 vs. placebo; †p<0.0001 vs. aliskiren; ‡p<0.0001 vs. valsartan; §p<0.05 vs. 
aliskiren; ¶p<0.05 vs. placebo and vs. valsartan
a Mean±SD change from baseline to week-8 endpoint; P-values obtained from AN-
COVA adjusting for region and baseline. bControl rates were analyzed by logistic 
regression.

Supported by: Novartis Pharmaceuticals Corporation, East Hanover, USA

1209
Renin-angiotensin system blockade improves the inflammation and 
insulin resistance in patients with hypertension and metabolic syndrome
O. González-Albarrán, G. Perez, S. Calvo, M. Lahera, J. Gomez,  
M. Carrasco, M. Alpañés, J. Sancho Rof; 
Endocrinology, Hospital Ramón y Cajal, Madrid, Spain.

Background and aims: Insulin resistance (IR) is highly prevalent in arterial 
hypertension, and plays a central role in the pathogenesis of the metabolic 
syndrome. Epidemiological evidence suggests that renin-angiotensin system 
(RAS) blockade may improve insulin resistance and influence on the release 
of proinflammatory cytokines. The aims of the present work were to evalu-
ate the effect of olmesartan, an angiotensin receptor blocker (ARB), on insu-
lin sensitivity and inflammatory markers in patients with hypertension and 
metabolic syndrome (MS)
Materials and methods: We studied 36 hypertensive patients with MS, ac-
cording to NCEP-ATPIII criteria. After 4 weeks of run-in period, all patients 
were allocated randomly to one of the three treatment: once-daily olmesartan 
(40 mg), once-daily olmesartan 80 mg or placebo, and followed for a period 
of 20 week. If the target blood pressure was not achieved (SBP>140 mmHg or 
DBP >90 mmHg), diuretics agents were prescribed. We measured the BMI, 
waist circumference, systolic and diastolic blood pressure, lipid profile, CRP, 
adiponectin, and microalbuminuria. IR was assessed by Homeostasis Model 
Assessment (HOMA) index
Results: Mean age was 61±9,8 yrs. BMI 30,9±4,98 Kg/m2, waist circumfer-
ence (WC) 105,6± 12,3 cm and 98 ±11 cm in male and female respectively. 
Baseline mean SBP/DBP: 154,34±8,7/93,6±6,43 mmHg. After 24 weeks of 
treatment, both OLME-40 and OLME-80 significantly reduced SBP and DBP 
compared with their baseline values (14±8/9±3 mmHg and 18±9/16±5.3 
mmHg for OLME-40 and OLME-80, respectively (p<0.01). Olmesartan 
treatment resulted in a significant decrease in fasting insulin (17.1±3.73 vs 
9,8 ±3,9; P < 0.05), HOMA index (5,8±2,5 vs 3,9± 2,8; P < 0.05). A signifi-
cant reduction of high-sensitivity C-reactive protein levels, 3.27 ±0.07 vs 1.8 
±0.06; p<0.05) and an increase in adiponectin (3.97 ± 0.46 vs 5,14 ± 0.51 
mU/ml; p<0.05) . We observed positive correlations between abdominal 
obesity and insulin levels (0.47; p<0.01) and HOMA index (r=0.56;p<0.01) 
; by contrast, inversely correlations were found with PCR and adiponectina 
(r=-0.48; p<0.01). Both OLME-40 and OLME 80 were well tolerated, without 
any serious adverse event reported.
Conclusion: Hypertensive patients with MS have a high prevalence of IR, 
and chronic inflammation. The ARB olmesartan improves IR and inflamma-
tion markers in these patients.

1210
The beyond effects of antihypertensive drug on diabetes, using calcium 
channel blocker and angiotensin II receptor blocker
Y. Uno1, H. Morita2, T. Ikeda2, I. Mori2, K. Fujioka2, H. Okada2, T. Fujikake2, 
R. Miyauchi2, K. Kajita2, T. Ishizuka2; 
1Center for Regional Medicine, Gifu University, 2Department of General 
Internal Medicine, Gifu Graduate University of Medicine, Gifu, Japan.

Background and aims: It is controversial whether calcium channel blocker 
(CaB) or Angiotensin II receptor blocker (ARB) is superior as anti-hyperten-
sive drug in a lot of clinical and epidemiological studies. For example, “the 
VALUE Study” shows ARB will decrease the appearance of disease rate in dia-
betes, in spite of inferior prevention in myocardial infarctions and strokes. On 
the contrary, “the JIKEI Heart Study” shows that ARB will decrease strokes 
and chronic heart failure. Our propose of this study is which drug is suitable 
as a view of extra-cardiovascular factor such as diabetes, atherosclerosis and 
endocrine factors.
Materials and methods: We randomized 22 patients to CaB (amlodipine) 
and ARB (valsartan) treatments, who took first therapy of hypertension. Af-
ter 6 month, they were switched drug treatments each other. We performed 
echocardiograph, pulse wave velocity (PWV) test, biochemical examinations 
containing adiponectin, BNP (brain natriuretic peptide), dehydroepiandros-
terone-sulfate (DHEA-S), high -sensitive C reactive protein (H-CRP) before 
and after treatment for 6 months and 12 months.
Results: There were no differences in blood pressure and heart rate on eve-
ry 6-month period between CaB and ARB groups, also any differences in 
Echocardiographic measurements (Ejection Fraction, LV size, LV mass in-
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dex, etc.,) and PWV. As for blood samples measurements, adiponectin, BNP, 
DHEA-S and serum insulin were not different between two groups. But 
H-CRP was significantly decreased in ARB treatments (594±108 µg/dL to 
467±106 µg/dL, p<0.05) and the increment of HbA1c for 6 months in ARB 
treatments was lower than in CaB treatments (CaB vs ARB : 0.19±0.04 vs 
0.10±0.09(mg/dL), p<0.05).
Conclusion: The treatments of ARB (valsartan) for hypertension may have 
prevented the development of diabetes and atherosclerosis, and it is suggested 
that ARB has the beyond effects on not only hypertension but also diabetes 
and atherosclerosis.

1211
Arterial stiffness on ramipril therapy in patients with type 2 diabetes 
mellitus and arterial hypertension
O.K. Vikulova, I.R. Jarek-Martynowa, M.V. Shestakova; 
Diabetic Nephrology Department, Endocrinology Reseach Center, Moscow, 
Russian Federation.

Background and aims: Cardiovascular disease is the main cause of death 
in type 2 diabetes mellitus (T2DM). Increased arterial stiffness may be one 
important pathway linking diabetes to the increased cardiovascular risk. The 
aim of the study was to evaluate the arterial stiffness on ramipril therapy in 
high risk patients with T2DM and arterial hypertension (AH).
Materials and methods: T2DM patients with inadequately controlled blood 
pressure (BP) on any antihypertensive treatment were included. Inclusion 
criteria: systolic BP (SBP) >130 and/or diastolic BP (DBP)>80 mmHg. After 
2-week wash-out period (if patients used inhibitors of angiotensin-convert-
ing enzyme (IACE) or angiotensin II receptor antagonists (ARA)) ramipril 5-
10 mg per day was added. Ambulatory blood pressure monitoring (ABPM), 
urine albumin excretion rate (UAER) and arterial stiffness were assessed be-
fore and after 12-week treatment period. Pulse wave analysis was performed 
by using reactive hyperemia peripheral arterial tonometry technique. Aug-
mentation index (Aix) - the indirect parameter of arterial stiffness was es-
timated from the difference between the second (P2) and first (P1) systolic 
peaks and expressed as a % of pulse pressure (PP) ([P2-P1]/PP)x100(%).The 
study was approved by local Ethical Committee and informed consent was 
obtained from all the patients.
Results: 30 patients with T2DM and AH were examined: median age 
65.2±6.9yr, M/F 5/25, AH duration 10.1±6.9yr, mean BP 148/85 mmHg, 
mean HbA1c 8.1±1.8% (HbA1c>7%, 6.5-7%, <6.5%: 72%, 21% and 7% pa-
tients) with one or more additional cardiovascular risk factors: smoking 10%, 
microalbuminuria 20%, ischemic heart disease (IHD) 43%, familial history 
of cardiovascular disease 76.7%. Endothelial dysfunction by reactive hypere-
mia was found in 93% of patients. We observed significant decrease by ABPM 
in mean SBP during active period: 147/78 vs 135/74 mmHg, p<0.001, as well 
as maximal SBP: 183/105 vs.166/99 mmHg, p<0.001 and mean SBP and DBP 
during passive period: 135/74 vs. 129/65 mmHg, p<0.05. The target BP level 
<130/80 mmHg was attained in 44% of patients. We have also found statisti-
cally reliable differences in parameters of arterial stiffness: Aix (39.9 vs 35.3%, 
p<0.05) and time of ejection period (T [ED/mc]: 295.8 vs. 268.9, p<0.001).
Conclusion: We conclude that treatment with IACE ramipril in patients with 
T2DM and hypertension with high cardiovascular risk not only has the anti-
hypertensive effect but can reduce arterial stiffness - the significant factor of 
endothelial dysfunction and cardiovascular morbidity.

PS 112 Other complications
1212
Long-term complications in newly diagnosed patients with type 2 
diabetes by regions of Serbia
I. Rakocevic, S. Plavsic, D. Miljus, N. Mickovski Katalina, T. Knezevic; 
Department for Prevention and Control of Noncommunicable Diseases, 
Institute of Public Health of Serbia, Belgrade, Serbia.

Background and aims: Diabetes and its associated complications are a major 
health and economic burden, particularly in developing world. Type 2 dia-
betes is usually recognized years after hyperglycemia develops. This delay in 
diagnosing the disease results in a high prevalence of chronic complications 
at the time of actual diagnosis. The aim of this study was to determine the 
prevalence of complications in newly diagnosed type 2 diabetes patients by 
regions of Serbia.
Materials and methods: A population-based, cross-sectional study of all 
newly diagnosed type 2 diabetes patients in year 2007, in 8 districts of Vojvo-
dina and Central Serbia (n=5482) identified through a Serbian Diabetes Reg-
istry (SDR) database. Age-standardized prevalence was calculated by using 
a direct-method to the 2002 Serbian census data. To examine differences in 
variables between the two groups, Student’s t-test was performed for continu-
ous variables, the X2 test for dichotomous variables.
Results: Over a half of the patients in both study regions (63.3% in Vojvo-
dina and 73.5% in Central Serbia) had at least one of the studied complica-
tions by the time of diagnosis type 2 diabetes mellitus. The mean age of the 
patients was 61.8±11.0 years in Central Serbia and 60.7±10.6 in Vojvodina 
(p<0.01). Long-term complications were more common among females than 
males in both study groups (p<0.05). Higher age-standardized prevalence of 
microvascular complications was observed in Central Serbia (4.8% vs. 2.4%, 
p<0.01), including retinopathy (6.2% vs. 2.3%, p<0.001), and neuropathy 
(6.9% vs. 3.1%, p<0.001). Rates of nephropathy were similar. Although there 
were regional differences in the prevalence of macrovascular complications, 
the difference was not statistically significant.
Conclusion: The findings in this study indicate that significant proportion 
of newly diagnosed type 2 diabetes patients in both study regions had mul-
tiple complications at diagnosis, and were diagnosed at an older age. High 
prevalence of complications may be related to prevalence of undiagnosed 
diabetes in two regions. This underlines the importance to increase public 
awareness and secure earlier detection of diabetes and chronic complications 
by appropriate screening methods especially in high-risk groups. Also, pre-
vention programs should focus on disproportionately affected regions (cen-
tral Serbia) and disproportionately affected genders (females). This will help 
to prevent or delay the vascular complications and thus reduce the clinical, 
social and economic burden of the disease.

1213
Oral health status in type 1 and type 2 diabetes patients - results of a 
national multicentre survey: Teeth in Diabetes (TID) study
L. Czupryniak1, M. Pawlowski1, A. Szymborska-Kajanek2, K. Strojek2,  
J. Gumprecht2, M. Szelachowska3, B. Wolnik4, A. Czech5, M. Malecki6,  
D. Zozulinska-Ziolkiewicz7, B. Wierusz-Wysocka7, D. Moczulski8, M. Jasik9, 
M. Dabrowski10, P. Dziemidok11; 
1Diabetology and Metabolic Diseases Dept, Lodz, 2Diabetology, Nephrology 
and Internal Diseases Dept, Zabrze, 3Endocrinology, Diabetology and 
Internal Diseases Dept, Bialystok, 4Diabetology and Hypertension Dept, 
Gdansk, 5Diabetology and Internal Medicine Dept, Warsaw, 6Metabolic 
Diseases Dept, Cracow, 7Diabetology and Internal Medicine Dept, Poznan, 
8Nephrodiabetology Dept, Lodz, 9Gastroenterology and Metabolic Diseases 
Dept, Warsaw, 10Diabetology Dept, Rzeszow, 11Diabetology Dept, Lublin, 
Poland.

Background and aims: Diabetes is a known risk factor for periodontal and 
dental diseases. However, little data on oral health in type 1 and type 2 dia-
betes patients are available. We conducted a nationwide cross-sectional study 
aiming at assessing oral health status using teeth number as a general index 
of thereof.
Materials and methods: During first two weeks of March 2009 diabetes pa-
tients attending 14 diabetes care centres were invited to fill in a questionnaire 
answering questions regarding their gender, age, diabetes duration, diabetes 
type, insulin treatment, smoking status, education level, number of their own 
teeth, and most recent HbA1c value.
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Results: The study group comprised 2514 (1342 [53%] women, mean 
[±SD]age 56±17 years) diabetes patients: 680 (27%) with type 1 diabe-
tes (T1D) (mean age 38±14 years, diabetes duration 14±11 years, HbA1c 
7.95±1.85%, 167 [25%] smokers) and 1834 (73%) with type 2 diabetes (T2D) 
(mean age 63±11 years, diabetes duration 11±8 years, HbA1c 7.70±1.58%, 
1057 [58%] treated with insulin, 291 [16%; p<0.0001 vs T1D patients] smok-
ers). Mean number of teeth in T1D and T2D patients were 23±10 and 12±10, 
respectively (p<0.0001). T1D patients who were smokers had significantly 
fewer teeth (20±10 vs 24±10; p<0.0001) and higher HbA1c (8.72±1.85 vs 
7.7±1.79%; p<0.0001) than non-smoking individuals. T2D patients who 
smoked had slightly greater HbA1c (7.91±1.6 vs 7.65±1.56%; p<0.05) than 
non-smokers, though no difference in teeth number was found. In T1D pa-
tients there was a statistically significant correlation between teeth number 
and HbA1c (r= -0.22; p<0.05), diabetes duration (r= -0.47; p<0.05) and age 
(r= -0.62; p<0.05) as well as education level i.e. patients who completed pri-
mary, secondary or higher education level presented with 14±11, 22±10 and 
26±8 teeth, respectively (p<0.0001; after adjustment for the diabetes dura-
tion, age and HbA1c). In T2D there was also a significant correlation between 
teeth number and glucose control (r= -0.11; p<0.05), diabetes duration (r= 
-0.27; p<0.05) and age (r= -0.42; p<0.05). Patients with T2D who completed 
primary, secondary or higher education level had 8±9, 13±10 and 17±11 
teeth, respectively (p<0.0001, adjusted). Multifactorial analysis showed that 
the age, diabetes duration, HbA1c, education level, and smoking status, were 
determinants of oral health as assessed through teeth number.
Conclusion: People with diabetes, even the young ones with T1D, present 
with significant teeth loss. Poorly controlled subjects with long-standing 
T1D, low level of education and smoking are at particularly high risk of oral 
cavity diseases. This group of subjects should be placed under intensive den-
tal care so as to prevent oral health deterioration.

1214
Impaired lung function in type 2 diabetes correlates with insulin 
resistance and metabolic control. A case-control study
A. Lecube1, G. Sampol2, P. Lloberes2, J. Mesa1, C. Hernández1, R. Simó1; 
1Endocrinology Department, Hospital Vall d’Hebron, CIBER de Diabetes y 
Enfermedades Metabólicas Asociadas (CIBERDEM), 2Pneumology Service, 
Hospital Vall d’Hebrón, CIBER Enfermedades Respiratorias, Instituto de 
Salud Carlos III (ISCIII). Institut de Recerca, Barcelona, Spain.

Background and aims: In a recent case-control study we have demonstrated 
that type 2 diabetes (T2D) adversely affects breathing during sleep, becoming 
an independent risk factor for severe nocturnal hypoxemia in obese patients. 
However, there is little information linking the presence of insulin resistance 
and the blood glucose control with the severity of pulmonary function. The 
aim of the study was to evaluate the role of insulin resistance and the degree 
of glycemic control on the pulmonary function in type 2 diabetic patients.
Materials and methods: In this case-control study 30 type 2 diabetic women 
(fasting glucose 162.4 ± 62.9 mg/dl; HbA1c 7,7 ± 1,1 %) were compared with 
60 non-diabetic women closely matched by age (43.23 ± 8.05 vs. 42.10 ± 8.0, 
p = 0.529), body mass index (49.18 ± 6.35 vs. 49.15 ± 6.46, p = 0.989), waist 
circumference (130.83 ± 12.27 vs. 129.83 ± 13.43, p = 0.746), and basal oxygen 
saturation. The exclusion criteria for this study were type 1 diabetes, chronic 
diseases others than those accompanying metabolic syndrome, and active 
treatment with continuous positive airway pressure. Forced spirometry and 
static pulmonary volume measurements were performed using a MasterLab 
apparatus, and values were expressed as a percentage of the predicted value. All 
tests were performed following the European Respiratory Society guidelines. 
Static pulmonary volumes were measured using the plethysmography method. 
Insulin resistance was evaluated as HOMA-IR. Statistical analyses: Student t 
test, Pearson linear correlation test, and stepwise multiple regression analysis.
Results: No differences in PaO2 (82.3 ± 11,4 vs. 83.6 ± 8.1 mmHg, p = 0.574), 
PaCO2 (39.7 ± 5.2 vs. 38.9 ± 3.9, p = 0.441), forced vital capacity (FVC, 87.3 
± 1.1 vs. 89.9 ± 13.7 %, p = 0.447), forced expiratory volumen in 1st second 
(FEV1, 91.2 ± 20.2 vs. 97.3 ± 14.3 %, p = 0.114), total lung capacity (TLC, 
97.2 ± 14.0 vs. 94.3 ± 11.6 %, p = 0.369) were observed between diabetic and 
non-diabetic patients. However, in diabetic patients an almost significantly 
decrease in the FEV1/FVC ratio (81.4 ± 9.15 vs. 85.0 ± 5.0, p = 0.058) and a 
significantly increase in the percentage of RV (100.1 ± 22.8 vs. 79.7 ± 18.1, 
p < 0.001) were observed in comparison with non diabetic subjects. When 
all patients were grouped, in univariate analysis RV was positively correlated 
with fasting glucose (r = 0.471, p < 0.001), HbA1c (r = 0.585, p = 0.001), 
and HOMA-IR (r = 0.429, p = 0.001). Stepwise multiple regression analyses 
showed that type 2 diabetes was independently associated with RV.

Conclusion: The present study is the first to demonstrate a relationship be-
tween pulmonary function and the degree of insulin resistance or blood glu-
cose levels. Interventional studies lowering blood glucose levels and increas-
ing insulin sensitivity are needed to demonstrate the eventual reversibility of 
pulmonary dysfunction.
Supported by: a grant from the Instituto de Salud Carlos III

1215
Study of lung function in adults with and without impaired glucose 
tolerance (IGT). Lung could be a target organ for diabetic complication
Y. Fukusima, M. Iwata, Y. Kamura, T. Kobasi, A. Takikawa, T. Okazawa,  
I. Usui, K. Yamazaki, M. Urakaze, K. Tobe; 
The First Internal of Medicine, Toyama University, Japan.

Background and aims: Cross-sectional and/or longitudinal studies in the 
western countries have significantly demonstrated lower lung function(i.e. 
forced vital capacity (FVC), forced expiratory volume in 1s(FEV1)) in dia-
betic patients than in the non-diabetic counterparts.
In Japan, however, only a few studies on lung function in diabetic adults have 
been investigated . We conducted an analysis of the medical checkup data to 
determine whether adults with IGT have impaired lung function.
Material and methods: This cross-sectional study was carried in central Ja-
pan. 570 individuals aged ≥45 yrs (237 males and 333 females) took part in 
this study. None of these subjects had sustained asthma and chronic obstruc-
tive pulmonary disease (COPD). Spirometry was performed in a standard 
fashion using an electronic spirometer. We then investigated the relationship 
between the results of pulmonary function tests and glucose tolerance defined 
by HbA1c and fasting plasma glucose (FPG) levels. Subjects were divided into 
the normal glucose tolerance (NGT) group (HbA1c<5.5% and FPG<110mg/
dl) and the IGT group (HbA1c≥5.5% or FPG≤110mg/dl) . FEV1% and 
%FVC were calculated by the measured values (i.e. FVC and FEV1). Sta-
tisitical analysis was carried out using Students t-tests and linear correlation 
analysis. Differences in these pulmonary functions (i.e.FVC,FEV1,FEV%) 
between NGT and IGT subjects were compared utilizing t tests for continu-
ous variables. Furthermore, multivariable analyses were used to assess the 
comparison of NGT groups with IGT groups in the models adjusting for age, 
sex, BMI, height, waist circumference and so on. The subgroups of subjects 
divided into males and females were evaluated in the same way.
Results: We found 116 NGT men, 77 IGT men, 219 NGT women and 61 
IGT women in this survey. The subjects with IGT had significantly lower 
%FVC (103%v.s.109%, P=0.0497) and FEV1.0% (97%v.s.103%, P=0.0081) 
than those without IGT. We also found that the subjects with IGT had sig-
nificantly lower %FVC (P=0.0075), FVC (P=0.0439), FEV1.0% (P=0.0004) 
and FEV1.0 (P=0.0261) than those without IGT in the multivariable models 
adjusting for age, sex, BMI, height, waist circumference some parameters. 
While significant negative correlations were found between lung functions 
(%FVC and FEV1.0%) and two parameters (BMI and visceral fat ) in men, 
a significant correlation was found between %FVC and muscular volume in 
women (correlate coefficient r=0.306593 , P<0.0001) .
Conclusion: Japanese people with IGT had significantly lower lung function 
than those with NGT. Consequently, lung could be a target organ for diabetic 
complication regardless of ethnicity. Additional investigation is required to 
reveal the processes how lung function is deteriorated as they become glucose 
intolerant.

1216
Direct effect of change in insulin sensitivity on bone formation
B. Literáti-Nagy1, E. Kulcsár1, B. Buday1, K. Bezzegh1, É. Péterfai1, M. Vitai1, 
J. Kiss2, L. Korányi1; 
1Drug Research Center, 2State Hospital for Cardiology, Balatonfüred, 
Hungary.

Background and aims: Correlation between insulin sensitivity (IS) and bone 
mineral density (BMD), ceasing with progression of glucose intolerance have 
recently been identified. Decrease in insulin esistance results in increased 
bone formation, however insulin sensitizer rosiglitazone increases bone frac-
ture risk. To determine if change in IS, or a direct bone effect of rosiglitazone 
is responsible for increased fracture risk, the effect of a non-glitazone insulin 
sensitizer BGP15 on bone formation was investigated among insulin resist-
ant volunteers. The hydroxylamine derivative BGP-15 have been shown to 
elevate the level of heat shock proteins and nitric oxide synthase and signifi-
cantly improved insulin sensitivity in phase II clinical studies.
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Materials and methods: 27 volunteers with elevated HOMA (3,8 ± 2,3 ) 
were treated with 400 mg (n=16) or placebo (n=11) for 28 days. Total body 
glucose utilization (M)- assessed by hyperinsulinemic -euglycemic clamps-
,body composition, lumbar and femoral bone mineral density (BMD), serum 
N-MID osteocalcin, ß-crosslaps, total P1NP, a katepsin-K, osteoprotegerin, 
sRANKL, leptin, resistin, adiponectin were measured.
Results: M values increased in active group (6.6 ± 2.2 vs 7,9± 2,4, p=0.003; 
placebo:7,6 ± 3.1 vs. 6,8 3.1, ns ), while katepsin K (4.51 ±1.4 vs 3.17 ± 1.1 
ng/ml, p=0.0012 ) and ß-crosslaps (0.41 ± 0.18 vs 0,36 ± 0.1ng/ml,p=0.031) 
decreased, and P1NP increased (37± 18 vs 40,9 ± 15 ng/ml, p= 0.040).
BMU index (formation markers/resorption markers to characterize the activ-
ity of the bone metabolic units: = (OGPxP1NP) x (β-crosslaps x catepsin-K 
x sRANKL) -1) was also increased in active groups (270 ± 195 vs 484 ± 392, 
p=0.004). The relationship between osteocalcin and M values was highly sig-
nificant (r = 0.5939, p<0.001). Neither change in adipocytokines levels nor 
their correlation with the change in M values were observed.
Conclusion: Our data strengthened the role of osteocalcin in the energy 
homeostasis-bone formation axis, and suggest that improved insulin sen-
sitivity is beneficial for bone formation. The increase in bone fracture risk 
observed during rosiglitazon treatment should be the direct bone effect of 
the drug and not related to insulin sensitivity, indicating that development of 
insulin sensitizer different from glitazone family would be important to save 
the bones of 2DM patients.

1217
Glucose tolerance, insulin sensitivity, subclinical inflammation and 
endothelial dysfunction in subjects with chronic pancreatitis
M. Saryusz-Wolska1, A. Gasiorowska2, R. Talar-Wojnarowska2,  
A. Borkowska1, E. Malecka-Panas2, J. Loba1, L. Czupryniak1; 
1Diabetology & Metabolic Disease Dept, 2Digestive Tract Diseases Dept, 
Medical University of Lodz, Poland.

Background and aims: Chronic pancreatitis (CP) is often associated with 
glucose intolerance or diabetes. So-called ‘pancreatic diabetes’ is often dif-
ficult to treat due to impaired gastrointestinal absorption and erratic food 
pattern caused by recurrent abdominal pains. Moreover, cardiovascular risk 
of subjects with pancreatic diabetes is frequently underestimated, partly be-
cause of relative young age and low body weight of these patients. We studied 
glucose tolerance in patients with established chronic pancreatitis aiming at 
identifying typical features of glucose (in)tolerance associated with CP. In ad-
dition, the aim of the study was to assess endothelial dysfunction and sub-
clinical inflammation as early markers of cardiovascular risk.
Materials and methods: The study group was 27 non-diabetes individu-
als with recently diagnosed CP (mean age 46.8±10.9 years, BMI 21.5±3.2 
kg/m2), 18 age- and body weight-matched healthy subjects served as con-
trols. All subjects underwent oral glucose tolerance test (OGTT) according 
to WHO protocol with plasma glucose and insulin measurements. HOMA 
index and fasting plasma adiponectin, TNF-alfa, interleukin-6 (IL-6), in-
terleukin-1beta (IL-1b), E-selectin, thrombomodulin, adhesion molecules 
ICAM and VCAM, and high-sensitive CRP were assessed.
Results: CP and control subjects plasma glucose values in OGTT were at 
0 min 101±21 and 84±12 (p<0.05), 60 min - 166±44 and 93±24 (p<0.001), 
120 min - 126±43 and 88±16 (p<0.001) mg/dl, and plasma insulin at 0 min 
- 3.3±1.3 and 8.1±5.3 (p<0.01), 60 min - 17.5±6.9 and 29.9±18.5 (p<0.01), 
120 min - 16.1±9.2 and 25.3±14.4 mIU/l. CP patients presented also with 
significantly greater insulin sensitivity as measured with HOMA than con-
trols (0.79±0.36 vs 1.98±1.25; p<0.01). Moreover, CP subjects as compared 
with controls had significantly greater plasma adiponectin (13580±6449 
vs 6327±4211 ng/ml; p<0.001), TNF-alfa (45.9±48.1 vs 16.5±13.2 pg/ml; 
p<0.05), IL-6 (8.2±3.8 vs 3.2±1.0 pg/ml; p<0.01), thrombomodulin (1.8±0.5 
vs 1.0±0.4 ng/ml; p<0.01), ICAM (586±371 vs 336±71 ng/ml; p<0.001) and 
VCAM (1219±505 vs 793±306 ng/ml; p<0.001) concentrations.
Conclusion: In conclusion, chronic pancreatitis is associated with elevated 
fasting and early post-challenge plasma glucose as well as significant insu-
lin sensitivity. Moreover, despite absence of insulin resistance, CP subjects 
present with clinical markers of subclinical inflammation and endothelial 
dysfunction. Therefore, regular assessment of patients with CP towards glu-
cose tolerance and level of cardiovascular risk should be recommended.

1218
Plasma levels of chemerin and adipose triglyceridelipase in newly 
diagnosed type 2 diabetic patients and type 2 diabetic patients with 
hypertension
Y. Yan1,2, L. Li1,2, G. Yang3, Y. Liu3; 
1The Key Laboratory of Laboratory Medical Diagnostics in Ministry 
of Education, 2Department of Clinical Biochemistry, 3Department of 
Endocrinology, The Second Affiliated Hospital, Chongqing Medical 
University, China.

Background and aims: Chemerin is a chemoattractant protein that serves as 
a ligand for the G protein-coupled receptor CMKLR1 and showed a strong 
and independent association with key markers of the metabolic syndrome 
including obesity, plasma triglycerides and blood pressure. Adipose triglyc-
eridelipase has an important role in TG lipolysis and energy metabolism in 
cultured adipocytes and weight maintenance in mice and other lower-order 
organisms.But Its pathophysiologic role in humans remains unknown. In 
this study, we have investigated whether or not plasma chemerin and adipose 
triglyceridelipase level were different in patients with type 2 diabetes mellitus, 
type 2 diabetes mellitus patients with hypertension and control subjects.
Materials and methods: 81 subjects with newly diagnosed T2DM (42 men, 
39 women, age 53±12 years, T2DM group), 33 newly diagnosed T2DM pa-
tients with hypertension (18 men, 15 women, age 61±8 years, T2DMH group) 
and 60 normal control subjects(22 men, 38 women, age 51±12 years, NGT 
group) participated the study. All patients were newly diagnosed and were 
not treated with oral hypoglycemic agents or diet control. The body composi-
tion and metabolic parameters were assesses.Blood samples were drawn after 
an overnight fast and Plasma insulin, FFA, HbA1c, TG, TC, LDL-C, HDL-C 
were measured. Plasma chemerin and ATGL levels were determined were 
evaluated using a commercially available ELISA. The homeostasis model as-
sessment of insulin resistance (HOMAIR) and the homeostasis model assess-
ment of β-cell insulin secretion (HOMAIS) were calculated.
Results: Plasma chemerin levels were found to be markedly increased in type 
2 diabetes mellitus patients with hypertension compared with type 2 diabetes 
mellitus and NGT (P<0.01). Multiple regression analysis showed that waist 
circumference, Diastolic blood pressure, 2 h plasma insulin after glucose 
overload and HbA1c were independent related factors influencing plasma 
chemerin levels. Plasma adipose triglyceridelipase levels were significantly 
increased in type 2 diabetes mellitus patients with hypertension compared 
with type 2 diabetes mellitus (P<0.01), whereas only Diastolic blood pressure, 
cholesterol and homeostasis model assessment of insulin resistance were in-
dependent related factors with plasma adipose triglyceridelipase levels.
Conclusion: The present work indicates the potential link of chemerin and 
adipose triglyceridelipase with the pathogenesis of insulin resistance and type 
2 diabetes mellitus.
Supported by: National Natural Science Foundation of China and Chongqing 
Medical University
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Prevalence of asymptomatic coronary artery disease in type 2 diabetic 
patients with micro/macroalbuminuria
H. Reinhard1, P.R. Hansen2, F. Persson1, L. Tarnow1, N. Wiinberg3,  
C.L. Pedersen3, A. Kjær3, K. Winther4, H.-H. Parving5, P. Rossing1,  
P.K. Jacobsen1,6; 
1Steno Diabetes Center, Gentofte, 2Department of Cardiology, Gentofte 
University Hospital, 3Department of Clinical Physiology and Nuclear 
Medicine, Frederiksberg University Hospital, 4Department of Clinical 
Biochemistry, Frederiksberg University Hospital, 5Department of Medical 
Endocrinology, University Hospital of Copenhagen, 6The Heart Center, 
Rigshospitalet, Copenhagen, Denmark.

Background and aims: Type 2 diabetic patients with albuminuria have a 
poor prognosis, primarily due to cardiovascular disease. Early detection of 
asymptomatic cardiovascular disease is essential to improve treatment and 
prognosis, however a valid screening strategy has not been established. The 
present study examines the prevalence of asymptomatic significant coronary 
artery disease (CAD) in type 2 diabetic patients with albuminuria and inves-
tigates possible screening strategies, including the use of NT-proBNP levels 
for risk stratification.
Materials and methods: In a cross-sectional study, we identified a consecu-
tive cohort of 200 type 2 diabetic patients with elevated urinary albumin 
excretion rate (micro- or macroalbuminuria), but normal P-creatinine and 
without known cardiovascular disease. Patients with P-NT-proBNP levels 
above the median and/or coronary calcium scores (CCS) > 400 were stratified 
as high risk patients (n=133), all others as a low risk group (n=67). High risk 
patients were examined by myocardial perfusion imaging (SPECT) (n=108) 
and/or CT-angiography (CTA) (n=20) and/or coronary angiography (CAG) 
(n=81).
Results: Patients were 59 (SD 9) years of age, diabetes duration was 13 (7) 
years, BMI 33 (6) kg/m2, and 74% were males. Albuminuria was 109 mg/24h 
(geom. mean; range 3-8318), P-creatinine 76 (18) µmol/l and 62% had retin-
opathy. Medical treatment included statins (94% of patients), aspirin (90%) 
and RAAS blockade (98%). HbA1c was 7.9 (1.3) %, total cholesterol 3.9 (0.9) 
mmol/l, systolic blood pressure 130 (17) mmHg, and diastolic blood pressure 
75 (11) mmHg. The median P-NT-proBNP level was 43.2 (range 5.1-575.4) 
ng/l and the median CCS was 183 (0-4529). In 62/108 (57%) of high risk pa-
tients, SPECT showed myocardial perfusion defects and in 25/101 (25%) ex-
amined with CTA or CAG had significant CAD. In 76 out of all 200 patients 
(38%) or in 76/133 (57%) of high risk patients, SPECT, CTA and/or CAG 
demonstrated myocardial perfusion defects or significant CAD. Revasculari-
zation procedures were performed in 9 patients. Among high risk patients, 
those with P-NT-proBNP >100 ng/l and CCS > 800 (n=14) had more sig-
nificant CAD (88%) than patients with P-NT-proBNP and CCS below these 
cut-off values (53%) p=0.013.
Conclusion: Despite optimal medical treatment, type 2 diabetic patients with 
albuminuria have a very high prevalence of asymptomatic significant CAD. 
P-NT-proBNP and CCS may provide important information for the identifi-
cation of patients with significant CAD.
Supported by: an EFSD Clinical Research Grant

1220
Relation between coronary and peripheral artery disease in type 2 
diabetic patients with micro/macroalbuminuria
P.K. Jacobsen1,2, H. Reinhard1, P.R. Hansen3, L. Tarnow1, C.L. Pedersen4, 
H.-H. Parving5, P. Rossing1; 
1Steno Diabetes Center, Gentofte, 2The Heart Centre, Rigshospitalet, 
Copenhagen, 3Department af Cardiology, Gentofte University Hospital, 
4Department of Clinical Physiology and Nuclear Medicine, Frederiksberg 
University Hospital, Copenhagen, 5Department of Medical Endocrinology, 
University Hospital of Copenhagen, Denmark.

Background and aims: Type 2 diabetic patients with micro/macroalbu-
minuria have a poor prognosis, primarily due to cardiovascular and systemic 
macrovascular disease. Both coronary (CAD) and peripheral artery disease 
(PAD) results in end organ damage and therefore have very important clini-
cal implications. It is unclear, whether atherosclerosis in diabetes progress as 
a universal process throughout the vasculature or show regional differences 
in its manifestations. This question is important for the determination of fu-

ture screening and treatment strategies, particularly because both CAD and 
PAD also occur in asymptomatic patients. The present study examines the 
relation between coronary calcium score and peripheral artery disease in type 
2 diabetic patients with micro/macroalbuminuria.
Materials and methods: In a cross-sectional study, we identified a consecu-
tive cohort of 200 type 2 diabetic patients with micro/macroalbuminuria but 
normal p-creatinine and without known cardiovascular disease at Steno Dia-
betes Center. We performed clinical and biochemical evaluation, coronary 
calcium Agatston score (CCS) and distal systolic blood pressure measure-
ments at toe level (PBP)(worst big toe).
Results: Patients were 59 (SD 9) years of age, diabetes duration was 13 (7) 
years, BMI 33 (6) kg/m2, and 74% were males. Albuminuria was 109 mg/24h 
(geom. mean; range 3-8318), P-creatinine 76 (18) µmol/l and 62% had retin-
opathy. Medical treatment included statins (94% of patients), aspirin (90%) 
and RAAS blockade (98%). HbA1c was 7.9 (1.3) %, total cholesterol 3.9 (0.9) 
mmol/l, systolic blood pressure 130 (17) mmHg, and diastolic blood pressure 
75 (11) mmHg. Median CCS was 183 (0-4529). Mean PBP was 121 (2) mmHg 
and toe:arm ratio was 88 (1.7)%. Patients with toe:arm ratio<67% (n=35) had 
a median CCS of 485 (0-2406), whereas patients with ratio>67% had 112 (0-
4529), p=0.007. Patients with CCS >100 (n=109) had a mean toe:arm ratio of 
81 (2)% compared to 98 (2)% in patients with CCS < 100, p<0.001. We found 
a linear correlation between CCS and toe:arm ratio (CCS = -9 x toe:arm ra-
tio + 1276), R=0.29, p<0.001. In a multiple linear regression model, systemic 
systolic blood pressure and toe:arm ratio where associated with CCS (R=0.41, 
p<0.001), whereas albuminuria, HbA1c and cholesterol level did not influence 
level of CCS. In a similar model CCS and cholesterol level were associated 
with toe:arm ratio (dependent variable).
Conclusion: Coronary calcium score and distal blood pressure are related in 
type 2 diabetic patients with micro/macroalbuminuria. This may help iden-
tify high risk patients with significant CAD and PAD.
Supported by: an EFSD Clinical Research Grant

1221
Contribution of body weight, glycaemic control and insulin resistance 
to platelet clopidogrel responsiveness in patients with non-ST segment 
elevation acute coronary syndrome
B. Gaborit1, T. Cuisset2, C. Frere3, P. Morange3, J. Bonnet2, A. Dutour1,  
M. Alessi3; 
1Department of Endocrinology, Metabolic Diseases, and Nutrition, 
CHU Nord, 2Department of Cardiology, CHU Timone, 3Laboratory of 
Haematology, CHU Timone, Marseille, France.

Background and aims: Poor response to clopidogrel is a risk factor for the 
recurrence of ischemic complications in patients with non-ST segment eleva-
tion acute coronary syndrome (NSTE-ACS) undergoing coronary stenting. 
However, it is still unknown whether body weight, glycemic control, inflam-
mation or insulin resistance are implicated in this suboptimal response or 
not. The aim of this study was to determine the clinical and biological factors 
implicated in clopidogrel platelet response in patients with NSTE-ACS.
Materials and methods: 441 consecutive NSTE-ACS patients (174 diabet-
ics and 267 non-diabetics) undergoing coronary stenting were included in 
this study. All patients received loading doses of 250 mg aspirin and 600 mg 
clopidogrel at least 12 h before percutaneous coronary intervention. Post-
treatment maximal intensity of ADP-induced platelet aggregation (ADP-Ag), 
platelet reactivity index of vasodilator-stimulated phosphoprotein (PRI-
VASP), fasting plasma glucose and insulin, HbA1c, lipid parameters, adi-
ponectin, and high sensitive CRP were analyzed. For non-diabetic patients, a 
simplified homeostatic model assessment (HOMA) of insulin resistance was 
calculated. Clopidogrel non-responses were defined by an ADP-Ag >70% and 
PRI-VASP >53%.
Results: ADP-Ag and PRI-VASP were strongly associated with body mass 
index (BMI) (r=0.28, p<0.0001 and r=0.26, p<0.0001, respectively). Clopi-
dogrel non-responders (ADP-Ag> 70% or PRI-VASP>53%), had a signifi-
cantly higher BMI than responders: 28.2±0.5 vs. 26.5±0.2 kg/m2, p=0.005 
27.8±0.3 vs. 26±0.3 kg/m2, p=0.0003 respectively. Obese patients also had 
a significantly lower response to clopidogrel than non-obese patients. High 
levels of CRP were significantly associated with non-response to clopidog-
rel (p=0.049 and p=0.003 for ADP-Ag and PRI-VASP, respectively). Clopi-
dogrel non-responders had significantly increased levels of CRP compared 
to clopidogrel responders: 18.3±2.2 vs. 3.6±0.4 mg/L, p<0.0001 (PRI-VASP). 
PRI-VASP but not ADP-Ag was correlated with lipid parameters known as 
cardiovascular risk factors: HDL cholesterol (r=-0.14, p=0.01), triglycerides 
(r=0.14, p=0.009), and with markers of insulin resistance: fasting plasma in-



S 472 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

sulin (r=0.18, p=0.001) and HOMA (r=0.17, p=0.001). Clopidogrel non-re-
sponders (PRI-VASP >53%) had increased HOMA compared to responders 
(2.9±0.3 vs. 4.4±0.6, p=0.0003). No correlation was found between platelet 
tests and fasting plasma glucose or HbA1c. Diabetes mellitus was not associ-
ated with non-response to clopidogrel although there was a trend towards an 
association with ADP-Ag (p=0.07). After multivariate analysis, only BMI and 
CRP remained statistically associated with platelet tests.
Conclusion: BMI and CRP are strong predictive factors for clopidogrel non-
response in NSTE-ACS. These findings indicate that clopidogrel loading 
dose should be weight-adjusted and reevaluated during infections to prevent 
ischemic events.

1222
High glucose acutely reduces the aspirin effects on platelets by impairing 
the aspirin-induced activation of the NO/cGMP pathway
I. Russo, P. Del Mese, L. Mattiello, M. Viretto, G. Doronzo, M. Trovati,  
G. Anfossi; 
Department of Clinical and Biological Sciences, University of Turin, 
Orbassano - Torino, Italy.

Background and aims: Atherothrombotic vascular disease in type 2 diabetes 
recognizes as a major cause platelet hyperactivity, justifying the recommen-
dation of antiplatelet therapy with aspirin. In intervention studies, however, 
the number of diabetic patients who benefit from aspirin is lower than in the 
general population, suggesting a resistance to aspirin in diabetes. Hypergly-
caemia is known to influence platelet function: therefore, a potential role of 
high glucose on platelet responses to aspirin should be hypothesized. Aim of 
the study is to evaluate if platelet exposure to high glucose in vitro modifies 
the anti-aggregating effects of aspirin by influencing the arachidonate me-
tabolism and the activation of the anti-aggregating nitric oxide (NO)/cyclic 
GMP pathway, i.e. the two mechanisms of aspirin action.
Materials and methods: We studied 45 healthy volunteers (25M and 20F; 
age:22.8±0.4 yrs; body mass index: 22.6±0.4 kg/m2), non smokers, with nor-
mal glucose tolerance and insulin sensitivity (HOMA IR:1.7±0.1). In plate-
let-rich plasma (PRP) and washed platelets (WP) preincubated with 5 and 
25 mmol/l D-glucose, we evaluated the influence of a 30-min exposure to 
lysine acetylsalicylate (LAS) (1-300 μmol/l) on: i)aggregation induced by so-
dium arachidonate (NaAA;1 mmol/l) and ADP (20 μmol/l) (Born’s method); 
ii)thromboxane B2 (TxB2) synthesis (RIA); iii)NO synthase (NOS) activity 
(conversion of 3H-arginine to 3H-citrulline) and cGMP levels (RIA). Aggrega-
tions were repeated in presence of the NOS inhibitor L-NMMA (100 μmol/l). 
As osmotic control, mannitol was used. Data are expressed as mean±SEM.
Results: Exposure to 25 mmol/l D-glucose decreased LAS inhibition of 
platelet responses: in particular, LAS IC-50 (μmol/l) for NaAA-induced ag-
gregation was 31.4±5.2 with 5 mmol/l glucose and 47.8±8.3 with 25 mmol/
l glucose (p<0.01) and inhibition exerted by 300 μmol/l LAS on the ADP-
induced aggregation was 43.7±3.1% with 5 mmol/l glucose and 25.5±2.9% 
with 25 mmol/l glucose (p<0.0001). With 300 μmol/l LAS: i)TxB2 produc-
tion (ng/ml) in WP was similar in the presence of 5 and 25 mmol/l glucose: 
28.0±2.8 vs 30.0±2.5 after NaAA stimulation (n.s). and 17.6±1.4 vs 17.0±1.7 
after ADP stimulation (n.s.); ii)the NOS activity increase from 0.13±0.01 to 
0.24±0.02 pmol 3H-citrulline/min/mg protein (p<0.0001) in the presence of 
5 mmol/l glucose was blunted by 25 mmol/l glucose (0.11±0.009 vs 0.10±0.01 
pmol 3H-citrulline/min/mg protein, ns), iii)the intraplatelet cGMP increase 
from 10.2±1.8 to 25.6±4.0 pmol/109plts (p<0.003) observed in the presence 
of 5 mmol/l glucose was blunted by 25 mmol/l glucose (11.8±2.3 vs 13.1±1.9 
pmol/109plts, ns). Pre-incubation with iso-osmolar mannitol did not modify 
platelet responses to LAS. The role of NO in the anti-aggregating effect of 
LAS was confirmed by the fact that, in the presence of 5 mmol/l glucose, 
L-NMMA decreased the percentage of LAS-induced inhibition on the aggre-
gating responses to both NaAA (57.1±5.2 vs 69.4±5.2%; p<0.006) and ADP 
(66.4±1.7 vs 90.0±4.7; p<0.0001).
Conclusion: This study shows that a short-time platelet exposure to high glu-
cose reduces the aspirin anti-aggregating effect, mainly inhibiting the drug 
action on the NO/cGMP pathway, suggesting that hyperglycaemia plays a 
role in aspirin resistance.
Supported by: an EFSD/sanofi-aventis grant to Mariella Trovati
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Left ventricular systolic and diastolic function in type 2 diabetic patients 
with cardiac autonomic neuropathy
I.A. Bondar1, O.Y. Shabelnikova2; 
1Novosibirsk State Medical University, 2Regional Diabetes Center, 
Novosibirsk State Clinical Hospital, Russian Federation.

Background and aims: Patients with type 2 DM appear to have an increased 
incidence of early subclinical left ventricular (LV) dysfunction. To assess the 
relationship between cardiac autonomic neuropathy and systolic and diasto-
lic function in patients with type 2 diabetic.
Materials and methods: 139 type 2 diabetic patients (48M/91F, age 53.1±4.9 
(SD) years) with arterial hypertension (duration of hypertensions 9.7±7.8 
(SD) years) were examined, including 99 patients (32M/67F, age 54.0±5.3 
years) with the cardiac autonomic neuropathy (group 1) and 40 patients 
(16M/24F, age 52.6±4.7 years) without autonomic neuropathy (group 2) and 
control group consisting of 30 with arterial hypertension (duration of hyper-
tensions 10.9±8.5 years) were studied by using Doppler echocardiography. LV 
ejection fraction (EF) and transmitral flow Doppler parameters (early peak 
diastolic-Emax and late peak diastolic velocity-Amax global LV isovolumic 
relaxation time-IVRT) were measured. Five standard cardiovascular reflex 
tests, proposed by Ewing, were performed in type 2 diabetic groups.
Results: LV ejection fraction (EF) and transmitral flow Doppler parameters 
(early peak diastolic-Emax and late peak diastolic velocity-Amax global LV 
isovolumic relaxation time-IVRT) did not differ between group type 2 dia-
betic patients without autonomic neuropathy and control group. The differ-
ence in the early peak diastolic-Emax (0.61±0.12 m/c) and late peak diastolic 
velocity-Amax (0.65±0.11 m/c) was statistically significant in the patients 
with type 2 diabetes with cardiac autonomic neuropathy as compared to the 
patients with type 2 diabetes without autonomic neuropathy (0.66±0,09 m/c 
vs 0.69±0.09 m/c) (P<0,05) and control group (0.71±0.16 m/c vs 0.69±0.14 
m/c) (P<0.05). LV ejection fraction (EF) in patients with cardiac autonom-
ic neuropathy (63.4±7.6%) was significantly lower than in control group 
(66.9±4.4%) (P<0.05) and did not differ with group without autonomic neu-
ropathy (65.1±3.6%) (P>0.05). A significant positive correlation was found 
between global LV isovolumic relaxation time-IVRT and HbA1c (P=0.01) 
in group without autonomic neuropathy. A significant correlation was re-
corded between the early peak diastolic-Emax and levels insulin (P=0.01) and 
HOMA-IR (P=0.032) in patients with cardiac autonomic neuropathy.
Conclusion: Early subclinical left ventricular dysfunction was correlated in 
type 2 diabetic patients without cardiac autonomic neuropathy with hyper-
glycemia and in patient with cardiac autonomic neuropathy with hyperin-
sulinemia and insulin resistance.

1224
Differential injurious effects of antihyperlipidaemic agents, statins and 
fibrates on mitochondrial respiratory function
K. Yamada1, K. Tsunoda2, K. Tazuya3, K. Kawai2, M. Mishima3,  
K. Matsuyama4, H. Morita5, K. Kajita5, T. Ishizuka5; 
1Diabetes and Endocrinology, Gifu Municipal Hospital, 2Health Science, 
Chukyo Women’s University, Ohbu, 3Daiichi University College of 
Pharmaceutical Science, Fukuoka, 4Kyoritsu University of Pharmacy, Tokyo, 
5Department of General Internal Medicine, Gifu University Graduate 
School of Medicine, Japan.

Background and aims: Statins and fibrates are known to reduce the risk of vas-
cular events in type 2 diabetic patients, but they are also known to possess the 
adverse effects on muscle and liver. Statins, a group of antihyperlipidemic agents 
which arrest the cholesterol biosynthesis by inhibiting HMG-CoA reductase, 
have recently been demonstrated to decrease in ubiquinone 10 (UQ10) level. 
This suggests that mitochondrial dysfunction is concerned in the toxicity mech-
anism for statins. The combination of the respiration-injurious effects with the 
obstruction of UQ10 biosynthesis, may prominently reinforce their mitochon-
dria toxicity. The effects of statins on mitochondrial morphological structure 
and respiratory function were therefore examined in the present study using 
isolated rat liver mitochondria (MT) and submitochondrial particles (SMP).
Materials and methods: MT were isolated from liver homogenates of Wistar 
albino rats. SMP were prepared from MT. Mitochondrial structural altera-
tion (swelling) was photometrically monitored by following the absorbance 
decrease at 520nm. Oxygen consumption was measured by using oxygen 
electrode. Respiratory activity was calculated from oxygraph data according 
to the method of Chance and Williams.
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Results: Cerivastatin, fluvastatin, rosuvastatin and simvastatin were found 
to elicit cyclosporineA-insensitive swelling in mitochondria, inducing the 
permeability transition in the inner membranes. These statins were found 
to strongly detract both NAD- and succinate-linked respirations in MT. The 
ID50 values were lower than 50 μM. Statins were found not to directly inter-
fere with any enzymes involving in the NADH- and succinate-linked respira-
tory chains in SMP. Fenofibrate and bezafibrate have been substantiated to 
inhibit the electron transport at the rotenon-site in NADH-linked respiratory 
chain. These show different modes between statins and fibrates. Pravastatin 
showed the weakest MT toxicity among statins tested in the present study.
Conclusion: These results suggest that mitochondria toxicity of statins should 
be considered when we treat with antihyperlipidemic agents.

1225
Fasting blood glucose levels and short-term beat-to-beat QT variability 
in subjects with normoglycaemia: is there a relationship? 
C. Lengyel1, R. Takács1, A. Orosz2, T.T. Várkonyi1, A. Nemes3, I. Baczkó2,  
P. Kempler4, T. Wittmann1, J.G. Papp2,5, A. Varró2,5; 
11st Department of Medicine, University of Szeged, 2Department 
of Pharmacology and Pharmacotherapy, University of Szeged, 32nd 
Department of Medicine and Cardiology Centre, University of Szeged, 
41st Department of Medicine, Semmelweis University, Budapest, 5Division 
for Cardiovascular Pharmacology, Hungarian Academy of Sciences and 
University of Szeged, Hungary.

Background and aims: Determination of short-term QT-interval variabil-
ity (QTV) is an intensively investigated new and non-invasive method for 
assessment of proarrhythmic risk. Several studies have demonstrated that 
temporal QTV is a more sensitive predictor of ventricular arrhythmias than 
conventional QT-measurement parameters. Enhanced QTV has been ob-
served in patients with diabetes mellitus. The aim of the present study was to 
evaluate the possible connections between the QTV, the fasting blood glucose 
level and the autonomic function in subjects with normal carbohydrate me-
tabolism according to the WHO criteria.
Materials and methods: 32 healthy subjects (age: 38.1±11.6 years, male/fe-
male ratio: 16/16, fasting blood glucose: 4.9±0.4 mmol/l [4.2-5.9 mmol/l], 
HbA1c: 5.6±0.4%, BMI: 25.4±4.5 kg/m2, blood pressure: 129/74±17.0/8.5 
mmHg; mean±SD) were enrolled into the study. ECGs were recorded con-
tinuously for 5 min and all leads were acquired by an ECG signal processing 
system. After analogue-to-digital conversion, the data were stored on hard 
disk and analyzed off-line using SPEL Advanced Haemosys software (v3.0). 
The QT intervals were measured in 31 consecutive beats. To characterize 
the temporal instability of beat-to-beat repolarization, Poincare’ plots of the 
QT intervals were constructed, where each QT value was plotted against 
its former value. QTV was calculated using the following formula: QTV= 
∑|QTn+1-QTn|/(30x√2). Autonomic function was assessed by means of five 
standard cardiovascular reflex tests.
Results: In subjects with normal carbohydrate metabolism, the QTV (3.2±0.7 
ms) exhibited positive correlation with the blood glucose (r = 0.61, p < 0.0005) 
and the HbA1c (r = 0.60, p < 0.0005) levels. There were no significant correla-
tions betweeen the QTV values and the parameters of the autonomic tests.
Conclusion: Our data suggest a close relationship between higher fasting 
plasma glucose levels within the normal range, and the enhanced short-term 
QTV in healthy subjects. This increase of temporal QT variability may be 
considered as an early indicator of the increased instability of cardiac repo-
larization.
Supported by: Bolyai Research Scolarship (CL), ETT 360/2006 (IB) and EU FP7 
ICT-2008-224381, PreDiCT (IB, JGP, AV)

1226
Insulin resistance is associated with microangiopathy in type 1 diabetic 
patients treated with intensive insulin therapy from the onset of disease
A. Araszkiewicz1, A. Uruska1, D. Zozulinska-Ziolkiewicz1, P. Uruski2,  
B. Wierusz-Wysocka1; 
1Department of Internal Medicine and Diabetology, 2Department of 
Hypertension, Angiology and Internal Medicine, Poznan University of 
Medical Sciences, Poland.

Background and aims: Chronic complications of diabetes still remain im-
portant clinical problem. Factors influencing development and progression 
of diabetic micro- and macroangiopathy are being searched. The aim of the 

study was to evaluate the relationship of indirect parameters of insulin resist-
ance with risk of microangiopathy in patients with type 1 diabets, from the 
begining treated with intensive functional insulin therapy.
Materials and methods: The study group consisted of 81 patients (30 wom-
en, 51 men) in mean age 34±6.4 years with type 1 diabetes, with mean value 
of HbA1c (from years 1997-2007) 8.2±1.4 %, from the begining treated with 
intensive functional insulin therapy, who are under continous observation 
of the Department (for 10±1.5 years). Indirect parameters of insulin resist-
ance were evaluated, such as: waist circumference, waist to hip ratio [WHR], 
body mass index [BMI], daily insulin requirement, gain of weight from the 
begining of the disease, lipid profile, estimated glucose disposal rate [eGDR], 
features of metabolic sydrome according to IDF definition. Moreover, the 
presence of chronic complications of diabetes (retinopathy, nephropathy, 
neuropathy) was assessed. Patients were divided into two groups depending 
on the presence or absence of any diabetic microangiopathy.
Results: In the group with microangiopathy (n=36; 44.4%) in comparison 
with patients without vascular complications of diabetes we found: higher 
weight before diabetes (77.3±17.0 vs 67.0±12.5 kg; p=0.008), larger waist cir-
cumference (88.9±11.7 vs 83.7±10.2 cm; p=0.036), higher WHR (0.90±0.08 
vs 0.86±0.08; p=0.048), higher serum level of triglicerides (1.3±0.8 vs 
0.9±0.3 mmol/l; p=0.002) and lower eGDR (7.17±2.4 vs 8.8±1.9 mg/kg/min; 
p=0.0019). Moreover, in patients with any diabetic complication features of 
metabolic syndrome according to IDF were stated more often [12 (33.3%) vs 
4 (8.9%); p=0.006]. A significant relationship, adjusted for sex, age and dura-
tion of diabetes, between eGDR and the presence of diabetic microangiopa-
thy was revealed [OR 0.65 (95%CI 0.49-0.86); p=0.0037].
Conclusion: The results clearly revealed that in patients with type 1 diabetes, 
from the begining treated with intensive functional insulin therapy, there is 
an independent influence of increased insulin resistance on the development 
of diabetic microangiopathy.

1227
Alpha-lipoic acid prevent neointimal hyperplasia via induction of 
Nur77-mediated apoptosis of vascular smooth muscle cells
S.-J. Lee1, E.-H. Koh2, K.-U. Lee2, H.-C. Jang3, J.-Y. Jeong1, B.-W. Kim1,  
I.-K. Lee1; 
1Deparment of Internal Medicine and Biochemistry and Cell Biology, 
Kyungpook National University School of Medicine, Daegu, 2Department 
of Internal Medicine, University of Ulsan College of Medicine, Seoul, 
3Deparment of Internal Medicine, Seoul National University Bundang 
Hospital, Republic of Korea.

Background and aims: Restenosis, a main obstacle in the success of balloon 
angioplasty or stenting, is caused by neointimal hyperplasia due to increased 
proliferation and decreased apoptosis of vascular smooth muscle cells (VS-
MCs) and restenosis rate is higher particularly in diabetic patients. This study 
was undertaken to verify the effect of alpha-lipoic acid (ALA), a naturally 
occurring antioxidant, on VSMC apoptosis and neointimal hyperplasia.
Materials and methods: Pro-apoptotic effect of ALA was examined by FACS, 
caspase-3 activity and TUNEL assays in VSMCs. Induction and nuclear ex-
port of Nur77 by ALA was demonstrated by Immunofluorescence and West-
ern blotting. We confirmed the anti-restenoic effect of ALA in balloon-in-
jured rat carotid arteries. 
Results: ALA induced apoptosis of VSMCs, which is associated with intrin-
sic mitochondrial pathway, as evidenced by increased Bax expression, cyto-
chrome c release and caspase-3 activation. Besides enhancement of Nur77 
(NR4A1; NGFI-B/TR3) expression, ALA promoted nuclear export and in-
teraction of Nur77 with Bcl-2, which triggers a Nur77-mediated apoptosis. 
Down-regulation of Nur77 by siRNA diminished the pro-apoptotic effect of 
ALA. Furthermore, ALA increased p38 MAPK phosphorylation, and a p38 
MAPK selective inhibitor, SB203580, reduced both ALA-induced apoptosis 
and nuclear export of Nur77 in VSMCs. In balloon-injured rat carotid arter-
ies, ALA increased Nur77 expression and TUNEL-positive apoptotic cells, 
leading to inhibition of neointima formation.
Conclusion: These results demonstrate that ALA prevents neointimal hyper-
plasia through induction of VSMC apoptosis mediated by Nur77 induction 
and p38 MAPK-dependent nuclear export of Nur77. Our results suggest that 
ALA can be used as a promising drug to prevent the development of vascular 
restenosis after angioplasty or stenting.
Sun-Ju Lee was supported by Brain Korea 21 project 2009
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PS 114 Rodent models for 
experimental diabetes
1228
Glycaemic variability leads to impaired ischaemia-induced angiogenesis 
in diabetic mice
D. Pitocco1, F. Biscetti1, G. Straface2, F. Zaccardi1, P. Rizzo3, S. Lancellotti4,  
R. De Cristofaro4, V. Arena5, E. Stigliano5, T. Musella1, G. Ghirlanda1,  
A. Flex1; 
1Internal Medicine, Catholic University, 2Internal Medicine, Sapienza 
University, 3Vascular Biology, Catholic University, 4Haemostasis Research 
Center, Catholic University, 5Pathology, Catholic University, Rome, Italy.

Background and aims: There is a growing epidemiological evidence that 
glycemic variability is an adjunctive risk factor of diabetic vascular compli-
cations. However, neither a cause-effect relation between glucose instability 
and vascular dysfunction, nor the molecular bases of a such dysfunction are 
known. Aim of our study was to investigate the role of glycemic variability on 
vascular complications and to explore the molecular pathways modulated by 
glycemic “swings”.
Materials and methods: We used two mouse models: glycemic variability 
and chronic hyperglycemia. After induction of diabetes in 60 C57BL/6 mouse 
with STZ, 30 mice received once daily basal insulin administration - insulin 
glargine, 0.5 UI, 8 am - plus 2 oral bolus of 33% glucose solution (0.7 ml, 
10 am and 2 pm) [glycemic variability group] and 30 mice once daily basal 
insulin only [chronic hyperglycemia]. During the treatment (30 days), we 
measured glycemia 4 times daily (10 am, 12 am, 2 pm, 4 pm). 30 days after in-
duction of diabetes, we studied neovascularization in the hindlimb ischemia 
model in chronic hyperglycemia group, in glycemic variability group and in 
untreated age-matched controls.
Results: Indices of glycemic variability (MAGE, CONGA, SD) derived from 
about 3600 per group glucose measurements resulted significantly different 
(MAGE, p=0.019; SD, p=0.001; CONGA2h, p=0.006), whereas the mean of 
glycemic values did not (p=0.066). Laser Doppler perfusion imaging was per-
formed before, immediately after, and on days 7, 14, 21 and 28 after hindlimb 
ischemia. Mean blood flow in untreated mice 28 days after hindlimb surgery 
reached ≈ 90% of the preischemic flow. Perfusion recovery was significantly 
attenuated in chronic hyperglycemia group mice compared with untreated 
mice on postoperative days 7, 14, 21 and 28 (respectively p=0.021, p=0.023, 
p=0.018 and p=0.032). Interestingly, the recovery was significantly impaired 
in glycemic variability group mice compared with chronic hyperglycemia 
group mice on postoperative days 7, 14, 21 and 28 (respectively p=0.023, 
p=0.026, p=0.008 and p=0.002). In addition, histological analysis revealed 
that the capillary density in ischemic limb was significantly increased in 
chronic hyperglycemia group mice whereas no such increase was noted in 
glycemic variability group mice (p=0.031). Finally, immunostaining and 
western blot analysis revealed that VEGF pathway on postoperative day 7 
was altered in glycemic variability group mice compared with chronic hyper-
glycemia group mice.
Conclusion: Our data indicate that glycemic variability, regardless of aver-
age blood glucose levels, causes a significant impairment of ischemia-induced 
angiogenesis in diabetes and that this impaired collateral vessels formation is 
dependent on altered VEGF pathway.

1229
Immunohistochemical investigating advanced glycation end-product 
and its receptor expression in STZ-induced diabetic rat intestine
P. Chen, J. Zhao, H. Gregersen; 
Mech-Sense, Aalborg Hospital, Denmark.

Background and aims: Gastrointestinal (GI) tract sensory motor disorders 
are common in patients with diabetes mellitus (DM); however, the patho-
genesis is not well understood. Advanced glycation end products (AGEs) are 
produced during the development of DM. It is well known that AGEs relate 
to the morphological changes and biomechanical remodelling of arteries in 
DM. Therefore, the abnormal AGEs accumulation and its receptors (RAGEs) 
expression may also contribute to the diabetic GI dysfunction. Aims of the 
present study was to compare the AGE amount and RAGE expression in the 
mucosa, submucosa and muscle layers including ganglia (both myenteric and 
submucosal plexus) between normal and STZ-induced diabetic rat jejunum, 
ileum and colon. 

Materials and methods: Twelve male Wistar rats weighing about 300 g were 
used in this study. Diabetes was induced in 6 rats by a single intraperitoneal 
injecting STZ (50 mg/kg) and survived for 56 days, and other 6 rats were 
served as normal control. Approval of the protocol was obtained from the 
Danish Committee for Animal Experimentation. The rats were anaesthe-
tized with Hypnorm and Dormicum. The jejunal, ileal and colon segments 
were selected for study. The samples were fixed in 10% formalin and em-
bedded in paraffin. Five-um thick sections were cut and AGE (N epsilon-
(carboxymethyl)lysine, CML) and RAGE were detected by immunohisto-
chemistry staining . T-test and Anova analysis were applied to statistically 
analyze the differences between two groups.
Results: The blood glucose concentration increased four- to fivefold in the 
diabetic rats (P<0.001). DM generated pronounced morphometric and his-
tological changes; the thickness of the intestinal layers was pronounced in-
creased during DM (P<0.01). Comparing with the normal control, the den-
sity of AGE staining was increased in the smooth muscle and epithelial cells 
of villi and crypt and villus of jejunal, ileal and colon segments in the diabetic 
rats (P<0.05), but it did not differ in the ganglia. The RAGE expression was 
increased in the epithelial cells of crypt and villus brush border in diabetic 
jejunum and ileum as well as in the ganglia (both myenteric and submucosal 
plexus) in all three segments of diabetic rats.
Conclusion: High density of AGE staining was found in smooth muscle, 
crypt and villus of diabetic intestine, and the expression of RAGE increased 
in ganglia, crypt and brush border of diabetic jejunum and ileum as well as in 
ganglia of diabetic colon. Accumulation of AGE in the villus and crypt as well 
as the increased expression of RAGE in brush border in diabetic jejunum and 
ileum may contribute to the disorders of digestion and absorption of intestine 
in DM. Accumulation of AGE in the muscle layers and increased expression 
of RAGE in the ganglia may contribute to the motor disorders of intestine 
and colon in DM.
Supported by: KEJ Foundation

1230
ACE inhibition abolishes plaque formation in RAGE deficient diabetic 
apoE knockout mice
A.M.D. Watson, A. Soro-Paavonen, L. Jiaze, A. Bierhaus, M.E. Cooper, 
K.A.M. Jandeleit-Dahm; 
Baker IDI Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: Activation of the Receptor for Advanced Glycation 
End-products (RAGE) in diabetic vasculature is considered to be a key me-
diator of atherogenesis. RAGE deletion attenuates the development of athero-
sclerosis in the diabetic apoE knockout (KO) model of accelerated athero-
sclerosis. The renin angiotensin system also plays a pivotal role in diabetes 
associated plaque development. In the current study we have investigated the 
effect of additional ACE inhibitor therapy (quinapril) in diabetic RAGE/apoE 
double knockout (DKO) mice.
Materials and methods: ApoE KO and RAGE/apoE DKO mice were ren-
dered diabetic with streptozotozin and followed for 20 weeks, at which time 
plaque accumulation (%) was assessed by en face analysis. Subgroups were 
treated with quinapril in drinking water (30 mg/kg).
Results: Diabetic RAGE/apoE DKO showed a significant reduction in plaque 
area (6.9± 1.4%, compared to diabetic apoE KO mice, 10.4 ± 0.8%, p<0.01). 
Quinapril treatment completely abolished plaque area to levels lower than 
those observed in non-diabetic apoE KO mice (0.6 ± 0.1, p< 0.01). This anti-
atherosclerotic effect of quinapril in diabetic RAGE/apoE DKO mice was 
observed in all regional areas of the aorta and was independent of glycaemic 
and lipid parameters. However, quinapril treatment was associated with a 
significant reduction in blood pressure (84± 4 mm Hg compared to diabetic 
RAGE/apoE DKO mice (105 ± 6 mm Hg, p< 0.01).
Conclusion: The AGE/RAGE axis and the renin-angiotensin system may 
contribute to diabetes associated atherosclerosis via different pathways. Thus 
strategies that inhibit both pathways may exert superior vasculoprotection in 
diabetes accelerated atherosclerosis.
Supported by: NHF, DART, NHMRC (project grant); JDRF
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1231
Changes of FGF-21 and it’s receptors in high-fat diet apoE-/- mice
B. Sun1,2, L. Li1,3, G. Yang4, Y. Chen4; 
1The Key Laboratory of Laboratory Medical Diagnostics in the Ministry 
of Education, 2Department of Clinical Biochemistry, 3Department of 
Clinical Biochemistry, 4Department of Endocrinology, the Second Affiliated 
Hospital, Chongqing Medical University, China.

Background and aims: Fibroblast growth factor-21(FGF-21) has recently 
been characterized as a potent metabolic regulator. It exerted glucose-lower-
ing activity in diabetic animal models, and the effects were insulin independ-
ent. FGFs bind and activate alternatively spliced forms of four tyrosine kinase 
FGF receptors (FGFRs 1-4). The expression of FGFs and FGFRs and the abil-
ity of specific ligand-receptor pairs to actively signal are important factors 
regulating FGF activity in a variety of biological processes. In our study, we 
investigate the effects of high-fat diet induced insulin resistance ( IR ) on Fi-
broblast growth factor-21 (FGF-21) and it’s receptors levels in ApoE-/- mice.
Materials and methods: Healthy male ApoE-/- mice, eight-week-old, were 
randomly divided into normal-chow diet fed group (NF group, n=20) and 
high-fat diet fed group (HF group, n=20) differently for 16 weeks. The insulin 
sensitivity was evaluated by hyperinsulinemic-euglycemic clamp technique 
combined with 3- [3H] glucose as a tracer. The mRNA expressions of FGF-
21, β-klotho and FGFR1-4 were measured by quantitative RT-PCR. FGF-21 
protein levels were determined by western blot.
Results: In HF group, FBG, PIns, FFA, TC, TG, LDL-C and HDL-C were 
significantly higher than in NF group (all P<0.01). During the steady-state 
of clamp, PIns was significantly higher in HF group than NF group (P<0.01), 
and glucose infusion rate (GIR) in HF group was significantly decreased com-
pared with NF group (30.2±3.1vs.44.6±3.0 mg·kg-1·min-1, P<0.01). In the end 
of insulin clamp, glucose disappearance rate (GRd) was significantly lower in 
HF group than NF groups (38.2±0.8vs.48.0±0.9 mg·kg-1·min-1, P<0.01). The 
FGF-21 mRNA expressions of hepatic and adipose tissues in HF group were 
both significantly increased compared with NC group (both P<0.01), and 
β-klotho levels were also increased (P<0.05). In HF group, FGFR1 mRNA 
expressions were higher than NF group in hepatic and adipose tissues (both 
P<0.01), and FGFR3 mRNA were increased too (P<0.01 and P<0.05, respec-
tively). FGFR4 mRNA levels were significantly up-regulated in HF group 
than NF group in hepatic tissue (P<0.05) but there were no significant dif-
ferences in liver. Plasma FGF-21 protein levels were elevated in HF group 
compared with NF group (P<0.01), and FGF-21 protein expression of hepatic 
and adipose tissues were also increased (both P<0.05).
Conclusion: There is an abnormality of glucose-lipid metabolism and insulin 
resistance in ApoE-/- mice fed by high-fat diet, and FGF-21-β-klotho-FGFR1 
and FGF-21-β-klotho-FGFR3 maybe the principal modes on regulating glu-
cose-lipid metabolism.
Supported by: the National Natural Science Foundation of China and Chong-
qing Medical University

1232
Gene expression profiling of sulfonylureas in endothelial cells and 
vascular effects in diabetic ApoE null mice
N.E. Magnusson1,2, P. Koh2, I. Haviv2, R.C. O’Brien2, T.J. Allen2,  
M. Olukman2, U. Simonsen1, M.E. Cooper2, J. Rungby1; 
1Pharmacology, University of Aarhus, Denmark, 2Diabetes Division, Baker 
IDI Heart and Diabetes Institute, Melbourne, Australia.

Background and aims: Sulfonylurea drugs (SU) are widely used and remain 
a mainstay in the treatment of type 2 diabetes. Recent research suggests that 
different SU may have different cardiovascular risk profiles. SU stimulate in-
sulin secretion by closing the ATP-sensitive potassium channel (KATP) subu-
nit SUR1 in beta-cells. KATP channels in beta cells and muscle share the com-
mon pore forming subunit Kir6.2 but vary in their sulfonylurea receptors 
SUR1 and SUR2. Previous studies have shown that certain SU such as gliben-
clamide target both SUR1/2 subunits whereas gliclazide is SUR1 specific. To 
evaluate the potential different vascular effects of SU firstly we assessed the 
impact of SU exposure on endothelial cell gene expression using microarray 
analysis. Secondly, we compared the effects of two SU on plaque development 
in a model of diabetes associated atherosclerosis.
Materials and methods: Primary HUVEC cells were exposed to 1µM of 
gliclazide and glibenclamide for 24 hours. Control groups received vehicle. 
Each experiment was performed as three biological replicates. Gene expres-
sion profiles were analyzed using GeneChip ST1.0 arrays. For each drug, gene 

lists were generated using the following criteria: fold change > 2 and p < 0.05 
(test vs. ctrl) and p > 0.05 for the other drug. Pathways were analyzed using 
Ingenuity Pathway Analysis. Significant biological functions and canonical 
pathways were identified using Fishers exact test.
Streptozotocin diabetic Apolipoprotein E (ApoE) knockout (KO) mice were 
untreated or treated with either glibenclamide or gliclazide for 20 weeks. Af-
ter staining lipids with Sudan IV, plaque areas were quantitated by the en face 
method for arch, thoracic, and abdominal segments of the aorta.
Results: Several networks were identified for both drugs. The major cat-
egories of these networks related to molecular transport and cell signalling. 
Both SU increased the expression of NOS2 and comparison of the analyses 
for upregulated genes showed an increased significance for gliclazide over 
glibenclamide of canonical pathways relating to nitric oxide signalling in the 
cardiovascular system as well as pathways linked to PDE5, the target of silde-
nafil. Analyses of plaque areas in diabetic ApoE deficient mice treated with 
glibenclamide showed a significant increase in total plaque area compared 
to untreated and gliclazide treated mice (control [non-diabetic], n=7, 1.6 ± 
0.5%; untreated diabetic, n=8, 9.0 ± 1.5%; diabetic + gliclazide, n=11, 10.8 ± 
0.9%; diabetic + glibenclamide, 17.5 ± 2.7%*, p < 0.02 vs. other groups). The 
increase in plaque area seen in glibenclamide treated mice was not restricted 
to one aortic region. No difference in plaque area was observed between gli-
clazide and untreated diabetic ApoE KO mice.
Conclusion: This study demonstrates that SU affect gene expression in en-
dothelial cells. The differences in gene expression between drugs were more 
pronounced than the similarities suggesting a differential profile among SU in 
endothelial cells. The differences between SU may be relevant to the disparate 
vascular effects seen in vivo in preclinical models of diabetic atherosclerosis 
with glibenclamide and gliclazide. These observations are in agreement with 
previous findings suggesting that gliclazide is a general scavenger of radicals 
and this may relate to differences in SUR1/2 specificities.

1233
Compensated and non-compensated insulin resistance induces 
differential cardiovascular damage in obese BATIRKO mice
M. Benito1, A. Gomez Hernandez1, N. De Las Hersas2, Y. Fernandez Otero1, 
O. Escribano1, C. Guillen1, V. Cachofeiro2, V. Lahera2; 
1Bioquimica y Biologia Molecular, Facultad De Farmacia, 2Fisiologia, 
Facultad De Medicina, Universidad Complutense, Madrid, Spain.

Background and aims: Endothelial dysfunction is one manifestation of the 
many changes induced in the arterial wall by the metabolic abnormalities 
accompanying insulin resistance and diabetes. Among key players of insulin 
resistance, insulin receptor (IR) gene plays a relevant role. We have previously 
generated an experimental model of inactivation of IR in brown adipose tis-
sue (BATIRKO) using the expression of recombinase Cre under the uncou-
pling protein-1 promoter. Mice lacking IRs in this tissue show a decrease in 
intercaspular brown fat mass and a progressive decrease in glucose tolerance 
due to an insulin-secretion defect. The aim of this work was to study the dif-
ferential cardiovascular damage in compensated and non-compensated obese 
BATIRKO mice showing insulin resistance.
Materials and methods: BATIRKO mice were fed on standard diet (CT 
group) or high-fat diet (Obese group) for 16 weeks.
Results: Obese BATIRKO mice show a significant increase of WAT/ body 
weight ratio, hyperlipidemia, fatty liver, glucose intolerance and insulin re-
sistance. However, two groups of compensated insulin resistance (hyperin-
sulinemic) and non-compensated insulin resistance (normoinsulinemic) 
were observed in obese BATIRKO mice. Moreover, lipid accumulation in pe-
ripheral tissues such as liver, heart, skeletal muscle and aortic wall was much 
depending on the level of expression of uncoupling protein 2 (UCP-2) or 3 
(UCP-3), which in fact turned out in developing secondary insulin resistance. 
Non-compensated obese BATIRKO mice, but not those compensated, have a 
reduced acethylcholine-induced relaxation, an increased of ICAM-1, MCP-1 
and PAI-1 expression in aorta tissue as compared with controls. In addition, 
structural alterations of the vessel wall and accumulation of lipids within in-
tima of the aortic arch were also observed in the group of non-compensated 
insulin resistance as compared with the groups of compensated insulin resist-
ance or control mice.
Conclusion: These data suggest that BATIRKO mice under high-fat diet, re-
markably those that non-compensate ongoing insulin resistance increasing 
insulin secretion, induced an endothelial dysfunction and a greater inflam-
matory activity and intimal thickening in the aortic arch.
Supported by: SAF2007/60058 and SAF2008/00031, M.C.INN, Spain. CIBER-
DEM is an ISCIII project
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Lutein and docosahexaenoic acid prevent cortex lipid peroxidation in 
streptozotocin-induced diabetic rat cerebral cortex
M. Miranda1, E. Arnal1,2, M. Muriach1, D. Silvestre1, F. Bosch-Morell1,  
F.J. Romero1; 
1Fisiología, Universidad CEU-Cardenal Herrera, 2Fundación Oftalmológica 
del Mediterráneo, Valencia, Spain.

Background and aims: The mechanisms underlying diabetic encephalopa-
thy, are only partially understood. In this study, we examined whether do-
cosahexaenoic acid (DHA) and lutein could attenuate the oxidative changes 
of the diabetic cerebral cortex in a rodent model of diabetes.
Materials and methods: Male, Wistar rats were used in the study. Diabetes 
was induced in animals by a single intraperitoneal injection of STZ (65 mg/ 
kg) in 0.1 M citrate buffer, pH 4.5. Animals were treated with lutein or DHA 
for a period of twelve weeks. At the end of week 12, the rats were killed by 
cervical dislocation. One of the hemispheres was dissected and fixed, cryo-
protected and cryosectioned. The other hemisphere was dissected; cortex was 
homogenized in prechilled 0.2 M potassium phosphate buffer, pH 7.0. This 
homogenate was used to assay GPx activity, GSH, malondialdehyde (MDA), 
and protein concentrations.
Results: The levels of malondialdehyde (MDA) were significantly increased 
and glutathione levels (GSH) and glutathione peroxidase activity (GPx) were 
decreased in diabetic rats. The number of 4- hydroxynonenal (4-HNE) posi-
tive cells was increased in the cortex of diabetic rats. Treatment with insulin, 
lutein or DHA and the combination of each antioxidant with insulin, sig-
nificantly restored all markers concentrations mentioned above, as well as 
the increase in 4-HNE inmunofluorescence. We combined 4-HNE immun-
ofluorescence with NeuN (Neuronal Nuclei) staining. The NeuN staining 
demonstrated extensive overlap with the 4-HNE staining in the cortex from 
diabetic rats.
Conclusion: Our findings demonstrate a clear participation of induced glu-
cose oxidative stress in the diabetes-induced alterations in cerebral cortex, 
and we also demonstrate, in vivo, that the cells suffering oxidative stress are 
neurons. Lowering oxidative stress through the administration of different 
antioxidants may be beneficial for the central nervous tissue in diabetes.
Partially supported by project PI03/1710 from FIS to F.B.-M. and PRUCHA06/29 
from FUSP to FJR.

1235
Brain signalling properties of long-acting insulin analogue glargine and 
detemir for memory and spatial learning in mice
T. Sasaoka, N. Mori, T. Wada, H. Tsuneki; 
Department of Clinical Pharmacology, University of Toyama, Japan.

Background and aims: Central insulin action plays a crucial role in spatial 
learning and memory in central nervous system. Thus, intranasal injection 
of insulin is known to ameliorate the cognitive function in human. However, 
the impact of long-acting human insulin analogues glargine and detemir on 
the brain cognitive function is unknown. Replacement of amino acids and 
altered binding properties in these insulin analogues might affect the func-
tional properties in brain. The aim of the present study was to investigate the 
impact of glargine and detemir on the signalling properties for spatial learn-
ing and memory in mice.
Materials and methods: Intracerebroventricular (i.c.v.) injection of glargine, 
detemir, and human insulin was conducted in C57BL/6J, db/+m control and 
db/db diabetic mice. Insulin-induced phosphorylation of Akt, which is im-
portant for the neuronal function and synaptic plasticity in the hippocampus, 
cerebral cortex and hypothalamus, was examined by Western blotting analy-
sis in fasting mice. The effect of i.c.v. injection of insulin analogues on spatial 
learning and memory was assessed by Morris water maze test.
Results: We have previously shown that glargine possesses similar signalling 
properties in the peripheral target tissues compared to human insulin, where-
as the biological properties of detemir are different depending on the tissue 
and the concentration of albumin in the milieu. In the present study, i.c.v. 
injection of glargine, detemir, and human insulin (10 mU/mouse) induced 
similar time-course of phosphorylation of Akt at Ser473 and Thr308 residues 
peaking at 30 min in hypothalamus of db/+m mice. On the other hand, the 
Akt phosphorylation was peaked at 3 h after the i.c.v. injection and decreased 
thereafter in the hippocampus and cerebral cortex of the control mice. Inter-
estingly, the degree of detemir-induced phosphorylation of Akt was smaller, 
whereas the effect of glargine was similar, compared to human insulin. In the 

hippocampus and cerebral cortex of db/db mice, the Akt phosphorylation 
lasts longer and is still remained at 6 h after i.c.v. injection of both insulin ana-
logues. C57BL/6J mice were trained for 4 days to memorize the location of 
platform in Morris water maze test. Although glargine, detemir, and human 
insulin i.c.v. injected immediately after finishing the training (24 h before the 
probe trial) did not affect the spatial learning and memory, the i.c.v. injec-
tions just before the probe trial considerably enhanced the ability in mice. In 
addition, the ability of spatial learning and memory evaluated by probe trial 7 
days after i.c.v. injection was differentially altered between insulin and insulin 
analogues. These alterations are not due to the change of motor activity in 
mice, because the swimming speed and distance during the probe trial were 
not changed by i.c.v. injection of these insulins.
Conclusion: These results suggest that glargine is an insulin analogue physi-
ologically more similar to human insulin than detemir with regard to the 
signalling property in the hippocampus and cerebral cortex of mice. In addi-
tion, all three insulins appear to mainly promote the recall process, but not 
consolidation process, of memory in mice. Glargine and detemir may affect 
the cognitive function by influencing the memory recall process with differ-
ent properties in the physiological and pathological state of diabetes.
Supported by: sanofi-aventis

1236
Defective pancreas vascularisation and downregulation of soluble 
epoxyde hydrolase gene expression in various organs in Goto-Kakizaki 
(GK) foetuses
M.-H. Giroix1, J.-C. Irminger2, S. Calderari3, F. Schmidlin4, G. Lacraz1,  
M. Cornut2, J. Coulaud1, M. Kergoat4, F. Homo-Delarche1; 
1Laboratory of Biology and Pathology of Endocrine Pancreas, Unit of 
Functional and Adaptative Biology, Univ Paris-Diderot, Paris, France, 
2Department of Genetic Medicine and Development, CMU, University 
of Geneva, Switzerland, 3Inserm u833, Collège de France, Paris, France, 
4Merck-Serono, Chilly-Mazarin, France.

Background and aims: We identified islet inflammation associated with 
microangiopathy in diabetic GK rats (a spontaneous model of T2D). Signs 
of islet microangiopathy are also present in prediabetic 1-week-old GK ne-
onates (1-w-GK), together with islet oxidative stress (OS). In addition, GK 
rats, particularly females, show hypercholesterolemia. Both hyperglycemia 
and hypercholesterolemia trigger OS and have deleterious effects on vessels. 
Both also increase placental inflammation, which takes place even during 
normal pregnancy. Moreover, there is evidence for linking dysmetabolic con-
ditions during pregnancy to hypertension, cardiovascular disease and dia-
betes in the offspring. This probably occurs via altered fœtal programming. 
Because endothelial signals are essential during islet development, vascular 
alterations might act during fœtal life to trigger T2D. In E21 GK fœtuses, β-
cell mass is decreased by 80%. Our aims were to evaluate blood glucose and 
lipids, pancreas vascularisation and gene expression in various organs in E21 
GK fœtuses, as compared to Wistar controls.
Materials and methods: 1) glycemia and lipid assays were done on sera; 2) 
expression of 7 genes, selected on the basis of previous studies conducted in 
1-w- Wistar and GK islets, were evaluated by quantitative RT-PCR in um-
bilical cord, placenta, liver and pancreas; 3) pancreatic vascularisation was 
quantified after immunohistochemistry for nestin, a recognized endothelial 
marker.
Results: 1) systemic glucose, cholesterol and cholesterol/HDL ratio were sig-
nificantly higher in GK fœtuses, with no difference in triglycerides, FFA and 
HDL levels; 2) while in 1-w-GK islets, we found a significant upregulation 
of genes encoding inflammatory molecules, such as caspase-1 (x9.0), IL-18 
(x3.9), IL-15 (x1.4) and CXCL-1 (x3.9), the pancreatic expression of the 4 
genes was variable from one E21 GK RNA preparation to another, being how-
ever more often upregulated. The same trend toward upregulation of inflam-
matory genes was observed in the placenta, while it was less marked in liver 
and umbilical cord; the expression of 2 genes encoding proangiogenic factors, 
neuropilin-1 and neuropeptide Y, which was significantly downregulated in 
1-w-GK islets (x0.6 and x0.1, respectively), was not decreased in most E21 
GK organs; nevertheless, gene encoding soluble epoxyde hydrolase (sEH), 
which inhibits the catabolism of epoxyeicosatrienoic acids (EETs), was found 
to be downregulated by 70-90 % in E21 GK fœtal organs; sEH, by increasing 
levels of EETs, would augment their vasodilatator, antiinflammatory, antioxi-
dative and proangiogenic effects; 3) pancreatic vascularisation was decreased 
by 60 % in E21 GK fœtuses.
Conclusion: E21 GK fœtuses are hyperglycemic and hypercholesterolemic. 
Their reduced β-cell mass is associated with decreased pancreatic vasculari-
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sation, which might participate to T2D pathophysiology. The strong under-
expression of sEH in various GK fœtal organs suggests a very early defence 
mechanism in GK rats, probably linked to maternal OS induced by carbohy-
drate and/or lipid disturbances.
Supported by: an EFSD/MSD grant

1237
The motility of jejunum and ileum is changed in STZ-induced diabetic 
rats in vitro
J. Zhao, H. Gregersen; 
Mech-Sense, Aalborg Hospital, Denmark.

Background and aims: The symptoms related to gastrointestinal tract dys-
functions, such as diarrhoea and constipation, are common in patients with 
diabetes mellitus. Both intestinal hypo-motility and hyper-motility were re-
ported in the diabetic patients and animals. Aim of the present study was to 
compare spontaneous, flow-induced and distension-induced contractions in 
vitro in the jejunal and ileal segments between normal and diabetic rats.
Materials and methods: Twenty-eight male Wistar rats weighing about 300 g 
were used in the study. Approval of the protocol was obtained from the Dan-
ish Committee for Animal Experimentation. The diabetes was induced by a 
single intraperitoneal injecting STZ (50 mg/kg) in 18 rats and survived for 28 
and 56 days (9 rats in each group), and 10 normal rats were served as control. 
The rats were anaesthetized with Hypnorm and Dormicum. The motility ex-
periments of intestinal segments were carried out in the organ bath contain-
ing Krebs solution aerated with a gas mixture of 95% O2-5% CO2 at pH 7.4, 
temperature 37 C. The pressure and outer diameter of intestinal segments 
were synchronically recorded during spontaneous contraction, flow (0.6 ml/
min)-induced contraction with outlet open to 0, 1.5, 3 and 4.5 cmH2O pres-
sures and ramp distension up to pressure 10 cmH2O with outlet closed. The 
frequency and amplitude of pressure and diameter changes of contraction 
were analyzed. The differences between the groups were statistically analyzed 
using t-test and Anova analysis.
Results: The blood glucose concentration increased four- to fivefold and 
the intestinal wall layer thickness pronounced increased in the diabetic rats 
(P<0.001). The changes of pressure and diameter can be measured during the 
intestinal contraction; however the diameter changes reflect the motility pat-
tern better. For spontaneous, flow-induced and distension-induced contrac-
tions, the frequency did not differ between 28 days diabetic rats and normal 
rats (P>0.05); however the frequency was lower in 56 days diabetic rats than 
that in normal rats (P<0.05). The amplitude was higher in the intestinal seg-
ments of diabetic rats both for 28 and 56 days than that in the normal rats 
(P<0.05). During ramp distension, the threshold of pressure to induce pha-
sic contraction did not differ between 28 days diabetic rats and normal rats 
(P>0.05); however the threshold of pressure to induce phasic contraction was 
lower in 56 days diabetic rats than that in normal rats (P<0.05). The diameter 
changes to induce phasic contraction was lower in diabetic rats both for 28 
and 56 days than that in normal rats (P<0.05 and 0.01).
Conclusion: The motility patterns of jejunum and ileum differed between 
STZ-induced diabetic rats and normal controls. The diabetic intestine seems 
more sensitive to the flow and distension. These may contribute to the intes-
tinal dysfunction, such as diarrhea seen in diabetics. Future studies should 
investigate the mechanism of intestinal motor disorder in diabetes, such as 
investigating advanced non-enzymatic glycation end products accumulation 
and its receptors expression at diabetic intestinal tissues and the enteric nerve 
function combined with the intestinal motility in the diabetic animal mod-
els.
Supported by: KEJ Foundation

PS 115 New therapeutic options
1238
When it comes to platelet, hypoglycaemic drugs are not all the same. 
Antiplatelet treatment and pharmacological treatment for type 2 
diabetes
E. Mannucci1, M. Monami1, R. Marcucci2, I. Iacomelli1, C. Lamanna1,  
N. Marchionni1, G. Gensini2, R. Abbate2; 
1Critical Care Medicine and Surgery, Unit of Gerontology - University of 
Florence, 2Department of Medical and Surgical Critical Care, Thrombosis 
Centre, University of Florence, Azienda Ospedaliera Universitaria Careggi, 
Florence, Italy.

Background and aims: The use of antiplatet therapy for secondary preven-
tion in patients who have experienced a cardiovascular event is well estab-
lished. Diabetes has been found to be associated with ASA resistance. Since 
ASA resistance is associated with a higher risk of cardiovascular events, this 
phenomenon could be responsible for the reduced efficacy of antiplatelet 
therapy in diabetes suggested by some studies. Aim of this study is the identi-
fication of clinical and laboratory predictors of resistance to ASA among type 
2 diabetic patients in primary prevention.
Materials and methods: A consecutive series of 80 patients were enrolled, 
provided that they satisfied the following criteria: 1)Established diagnosis of 
type 2 diabetes; 2)Current treatment with at least 100 mg ASA in the last 
three months; 3)Absence of other antiaggregant (ticlopidine, clopidogrel) or 
anticoagulant therapy; 4)Informed consent. All patients were assessed for 
post-treatment residual platelet reactivity (RPR) in platelet-rich plasma by 10 
microM adenosine 5’-diphosphate (ADP), 1 mM arachidonic acid (AA) and 
2 microg/ml collagen-induced platelet aggregation and in whole blood by the 
PFA-100 system. Patients were considered ASA resistant if AA levels were> 
20% and ADP> 70%.
Results: Patients with ASA resistance showed a higher fasting plasma glu-
cose, Erythrocyte Sedimentation Rate, and von Willeband factor, and a high-
er prevalence of renal insufficiency; furthermore, patients resistant to ASA 
showed a lower prevalence of treatment with statins and metformin, and a 
higher prevalence of insulin treatment. The association between metformin 
treatment and ASA sensitivity retained statistical significance at multivariate 
analysis, after adjusting for age, sex, and chronic renal insufficiency, whereas 
insulin therapy was associated with ASA resistance after adjusting for the 
same confounders .
Conclusion: This is the first report suggesting that hypoglycemic treatment 
could modulate sensitivity to antiaggregant therapy in type 2 diabetic pa-
tients.

1239
Effect of perindopril therapy on expression of genes involved in 
pathogenesis of chronic complications in patients with type 1 diabetes 
mellitus
M. Flekac, A. Horinek, M. Jarolimkova, J. Skrha; 
3rd Department of Internal medicine, General University Hospital, Prague, 
Czech Republic.

Background and aims: Study has focused on perindopril therapy effect on 
genes which products are involved in pathogenesis of chronic complications 
in patients with diabetes mellitus.
Materials and methods: 25 patients (14 males/11 females) with type 1 dia-
betes mellitus were enrolled in this study, mean age was 46±11 years, mean 
duration of disease was 14±6 years. Perindopril therapy started newly or after 
wash out period in dose 4 mg per day. Gene expression study has been car-
ried out in time 0, 3 and 6 months after initiation. RNA has been extracted 
from monocytes of blood using automatic isolator (MagNA Pure Compact). 
Microfluid cards TLDA (TaqMan Low Density Array) and 7900HT Fast Real-
Time PCR System have been used to parallel determination of gene expres-
sion in 90 studied genes.
Results: Modifications in expression level of many genes has been observed 
after 6 months of the study. Products of affected genes may play role in patho-
genesis of both macroangiopathy [genes for endothelin 1 (ET1), fibronectin 
1 (FN1), interleukin 4 (IL4), interleukin 10 (IL10), macrophage scavenger 
receptor 1 (MSR1), inducible NO synthase (NOS2), oxidized LDL receptor 
1 (OLR1)] and microangiopathy [genes for caldesmon (CALD1), fibrob-
last growth factor 1 (FGF1), elongation factor 1 (EGF1), engulfment and 
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cell motility 1 factor (ELMO1), MAP kinase 2 (MKNK2), metaloproteinase 
1 and 9 (MMP1, MMP9), inducibile cyklooxygenase 2 (PTGS2), AGE re-
ceptor (RAGE), transforming growth factor 1 (TGFB1)] and also in insulin 
resistence pathogenesis [membrane glycoprotein called plasma cell antigen 
1 (ENPP1), estrogen receptor 1 (ESR1), PPAR γ (PPARG)]. Changes ex-
pressed as multiples of gene expression level together with significance level 
p are presented in brackets below. Gene expression increased in ELMO1 (1,5 
times (T), p<0,05), ESR1(1,8 T, p<0,01), MSR1 (1,9 T, p<0,01), OLR1 (2,6 T, 
p<0,05) and more significantly in NOS2 (17 T, p<0,01), whereas decreased in 
CALD1 (-1,4 T, p<0,05), FGF1 (-1,6 T, p<0,05), EDN1 (-1,2 T, p<0,05), EGF 
(-2,1 T, p<0,05), ENPP1 (-1,9 T, p<0,05), FGF1 (-2,1 T, p<0,05), FN1 (-1,2 T, 
p<0,05), IL4 (-3 T, p<0,05), IL10 (-3,5 T, p<0,01), MKNK2 (-1,8 T, p<0,05), 
MMP1 (-2,1 T, p<0,05), MMP9 (-2,4 T, p<0,05), PTGS2 (-2 T, p<0,05), RAGE 
(-5 T, p<0,05), TGFB1 (-1,5 T, p<0,05) and more significantly in PPARG (-21 
T, p<0,01). Surprisingly we didn´t find any modifications in expression level 
of genes for cytoadhesive molecules (ICAM-1, VCAM, PECAM-1, selectins), 
VEGF, PAI-1, genes for antioxidant enzymes.
Conclusion: The results of this study show that renin-angiotensin system 
blockade may positively affect various processes in the pathogenesis of 
chronic complications in Type 1 diabetes.
Supported by: research project of Ministry of Education

1240
Tetramethylpyrazine protects oxidative damage and mitochondrial 
dysfunction in C2C12 muscle cells
X. Gao1, X.L. Zhao2; 
1Endocrinology & Metabolism, Zhongshan Hospital, 2Endocrinology, 
Huashan Hospital, Shanghai, China.

Background and aims: We previously reported “Qing Huo Yi Hao” (QHYH) 
a prescribed traditional Chinese medicine preparation could decrease uri-
nary microalbumin excretion in type 2 diabetic patients and have an antioxi-
dant effects on oxidative stress induced by high glucose in endothelial cells. 
TMP (tetramethylpyrazine) is one of the active components of QHYH, we 
had demonstrated it displayed comparable antioxidant and endothelial pro-
tective effects as QHYH by reverse downregulation of Akt and eNOS phos-
phorylation and reduction of NO generation in high glucose treated bEnd.3 
cells. One of the metabolic features of diabetes or insulin resistance in skeletal 
muscle is an impairment of glucose utilization and insulin sensitivity that 
has been related to the oxidative stress induced induced by elevated plasma 
free fatty acids (FFA). The present study was designed to investigate whether 
TMP (tetramethylpyrazine) also improves free fatty acid induced muscle cell 
damage by reducing oxidative stress through the pathways that increase of 
mitochondrial biogenesis and mitochondrial fatty acid oxidation activity.
Materials and methods: Mouse C2C12 myoblasts was cultured and dif-
ferentiated to C2C12 muscle cells and oxidative damage was induced by 
palmitate(0.2mmol/l) for 72h. Mitochondrial sources of reactive oxygen 
species(ROS) was measured by the MitoTracker Red method.The mitochon-
drial membrane potential was assessed by using the JC-1 dyes methods. mi-
tochondrial DNA was quantified by real time PCR. The BD oxygen Biosensor 
system was used to detect the oxygen consumption as an indication of mito-
chondrial respiration activity. We also use western blot to detect the expres-
sion of mitochondrial respiratory chain complex III as an index of mitochon-
drial function. Uptake of 2-deoxyglucose by C2C12 myotubes was measured 
using glucose 3H labeled method.
Results: TMP level ranging from 50-500uM could significantly reduce 
palmitate induced ROS production from mitochondrial(Fig1A), and also 
significantly improve the mitochondrial membrane potential(Fig1B).The 
mitochondrial D-loop mRNA expression which reflecte the mitochondrial 
DNA synthesis was also significantly increased by TMP comparing with 
control(Fig1C).The downregulation of some key signal molecules such as 
PGC1α,NRF1 and Tfam that regulate the mitochondrial function and ROS 
production were also significantly reversed by TMP in palmitated induced 
state(Fig1D). The expression of mitochondrial respiratory chain complex III 
was upregulated by TMP compared with the palmitate induced state(Fig1E).
For cell respiration the TMP could significantly reverse the reduction of oxy-
gen consumption induced with palmitate(fig1F-G).For glucose uptake there 
seemed a trends that TMP might increase the uptake of glucose(fig1H).
Conclusion: Tetramethylpyrazine protects palmitate-induced oxidative dam-
age and improves mitochondrial dysfunction in C2C12 muscle cells.

Supported by: NSFC

1241
Sodium tungstate inhibits early atherothrombotic pathways in human 
endothelial cells
F. Hanzu1, M. Palomo2, P. Gomez-Abellan3, M. Garaulet3, M. Diaz-Ricart2, 
M. Parrizas1, R. Gomis1; 
1Endocrinology and Diabetes, Hospital Clinic /IDIBAPS, Barcelona, 
2Hemotherapy and Haemostasis, Hospital Clinic, Barcelona, 3Department of 
Fisiology, University of Murcia, Spain.

Background and aims: Visceral abdominal obesity is a major cardiovascu-
lar risk factor. Inflammatory endothelial injury initiates and sustains athero-
thrombosis. This study aims to investigate the therapeutic role of sodium 
tungstate in the activation of early atherothrombotic inflammatory mecha-
nisms.
Materials and methods: We obtained omental adipose tissue from morbidly 
obese males, without other cardiometabolic risk factors (BMI: 40-45 kg/m2, 
n=6) undergoing bariatric surgery. Fat pads were separated in their stromal and 
adipocyte cell fractions. Resulting cell types and fat pads were incubated with 
nonfetal medium for 24h in order to obtain the secretome. Moreover half of 
this samples were also coincubated with sodium tungstate (100 um). 3 different 
conditioned media (CM) containing the secretome of the visceral fat pad or 
the visceral stromal or the adipocyte cell fraction were obtained. Studies were 
performed on human endothelial cells (EC) monolayer. EC were incubated for 
24h with 100% of each CM. Expression of adhesion molecules in EC were de-
termined by immunogold labelling and quantitative real time PCR.
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Results: Recent results from sodium tungstate treated obese patients (data 
not shown) indicate that sodium tungstate presents antiinflammatory and 
endothelial protective properties (as determined by CRP decrease and no 
changes in endotelial circulant cells). Exposure of EC to the CM secreted by 
the visceral fat pad, adipocyte and stromal cellular fraction induces a signifi-
cant expression of adhesion molecules (VCAM-1, ICAM-1). EC exposed to 
the secretome (CM) of sodium tungstate treated samples presents a signifi-
cant (OR: 2,68; p< 0,05) reduction in the expression of the named adhesion 
molecules at protein and at gene level (VCAM-1 and ICAM-1: decrease of 
32 and 27% respectively for fat pads; 20 and 27% for stroma; 18 and 30 % 
for adipocytes). No effect was observed in EC treated directly with sodium 
tungstate and in nontreated cells.
Conclusion: These results indicate that sodium tungstate inhibits in human 
endothelial cells the activation of early atherothrombotic inflammatory path-
ways through changes in the secretion pattern of inflammatory cytokines 
from the adipose obese tissue. This opens for sodium tungstate, previously 
studied for his antiobesity actions new therapeutical perspectives in the com-
plementary prevention of cardiometabolic risk.
Supported by: grants from M.E.C., M.S.C. (SAF2006-07382);CIBERDEM 
(CB07/08/0009); Instituto de Salud Carlos III

1242
BBR reduces hepatic fat content in the rats of NAFLD by decreasing the 
methylation of MTP promoter
X.X. Chang1, X. Gao1, M. Liu1, D.R. Lu2, J. Fei2; 
1Endocrinology & Metabolism, Zhongshan Hospital, 2State Key Laboratory 
of Genetic Engineering, School of Life Science and Institute of Biomedical 
Sciences, Shanghai, China.

Background and aims: Berberine (BBR) can reduce body weight, lower se-
rum triglyceride(TG) and cholesterol, and improve insulin sentivity in db/
db mice, high-fat-fed hamsters and patients with type 2 diabetes. There is 
an undisputed link between high-fat diet and the development of NAFLD, 
and downregulation of hepatic microsomal triglyceride transfer protein 
(MTP) activity is associated with NAFLD. But the mechanisms of the high-
fat diet(environmental factor) regulation of MTP expression in liver still re-
mains unclear. The interaction between genes and environment could involve 
epigenetic factors such as DNA methylation, and MTP promoter contains 
rich-GpC, which is susceptible to DNA methylation. Here we investigated 
whether hepatic MTP transcription is effected by the methylation of hepatic 
MTP promoter in NAFLD rats induced by high-fat diet and whether BBR 
reduces hepatic fat content by decreasing the methylation of MTP promoter.
Materials and methods: Twenty-four male Sprague -Dawley(SD) rats were 
divided at random into two groups. The rats in the control group(normal diet 
ND n=8) and in the NAFLD model (high-fat diet HFD n=16) were fed ad 
libitum with normal chow and high-fat diet(18% lard, 10% egg yolk powder, 
2% cholesterol and 0.2% Sodium Cholate)respectively. After 8 weeks, Rats in 
the HFD group were divided randomly into two groups, one of which were 
treated with berberine (BBR) orally at 200mg/(kg d)(n=8)and the other with 
placebo(n=8), for sixteen weeks. On the last day of the experiment, all of 
the rats were euthanized after overnight fast. Hepatic TG content and mRNA 
level of hepatic MTP were measured in three groups. The CpG methylation 
status was determined by bisulphite direct sequencing of the PCR amplifi-
cates of MTP promoter.
Results: The body weights of rats with high-fat diet were greater than those 
with normal diet(p<0.05, Fig1A). The livers of the SD rats fed the high-fat 
diet showed pronounced hepatic steatosis. While MTP mRNA was reduced 
by 70%(p<0.002,Fig1B) in livers from rats in the HFD group, high-fat feed-
ing caused a 2-fold increase in hepatic weight(p<0.05,Fig1C) and 1.3-fold 
increase in liver TG content(p<0.001,Fig1D). Treatment of high-fat feeding 
rats with BBR for 16 weeks reduced liver weight by 21%(p<0.05,Fig1C) and 
hepatic TG by 14% (p<0.01, Fig1D), with a 1.9-fold increase in hepatic MTP 
mRNA(p<0.05, Fig1B). DNA methylation level of MTP promoter (five out of 
seven CpG islands) of high-fat diet rats was increased in liver compared with 
normal diet group (p<0.05, Fig1E), while treated with BBR, the methylation 
level was decreased in almost all CpG sites of MTP promoter, especially in 
-20 CpG site, by up to 12%( p<0.05) compared with placebo in high-fat diet 
rats (Fig1E).
Conclusion: DNA methylation of MTP promoter are likely to be involved in 
the pathogenesis of high-fat diet induced NAFLD and BBR reduces hepatic 
fat content partially by decreasing the methylation of MTP promoter.

Supported by: STCSM

1243
Effects of prescription omega-3-acid ethyl ester vs olive oil on macro- and 
microvascular function in subjects with type 2 diabetes mellitus
S. Nandrean1, A. Stirban1, A. Pop1, C. Götting2, R. Tamler3, T. Gawlowski1, 
B. Stratmann1, D. Tschoepe1; 
1Diabetes Center, Heart and Diabetes Center NRW, Bad Oeynhausen, 
Germany, 2Institute of Laboratory and Transfusion Medicine, Heart 
and Diabetes Center NRW, Bad Oeynhausen, Germany, 3Division of 
Endocrinology, Diabetes and Bone Diasese, Mount Sinai Medical Center, 
New York, United States.

Background: Recent evidence supports protective effects of omega-3-acid 
ethyl esters on endothelial function in populations at risk. We investigated 
the effect of omega-3-acid ethyl ester (eicosapentaenoic acid - EPA- and do-
cosahexaenoic acid - DHA) on postprandial vascular function in subjects 
with type 2 diabetes mellitus (T2DM).
Methods: We conducted a double-blind, placebo-controlled, randomized, 
cross-over study in 34 subjects with T2DM who received 2g/d purified EPA 
and DHA, or olive oil (placebo) capsules as add-on to their usual therapy and 
diet for 6 weeks. Macrovascular function was assessed by ultrasound meas-
urements of flow mediated dilatation (FMD) of the brachial artery. Microv-
ascular function was assessed using a Laser - Doppler method. We estimated 
the blood flow as area under the curve (AUC) following reactive hyperemia. 
At the beginning and the end of each 6 weeks period, investigations were 
performed in the fasting state (0h) as well as 2, 4 and 6 hours following a 
high-fat meal (600 kcal).
Results: Baseline vascular function (fasting state) did not change with EPA/
DHA or placebo treatment. FMD following EPA/DHA treatment remained 
unchanged: 4.91±0.57% (0h), 4.26±0.51% (2h) (p=NS), 4.31±0.46% (4h) 
(p=NS) and 4.81±0.52% (6h) and following placebo treatment (olive oil) de-
creased significantly: 5.39±0.53% (0h), 4.11±0.56% (2h) (p<0.05), 3.56±0.52% 
(4h) (p<0.001 vs. fasting state, p<0.05 vs. EPA/DHA) respectively 4.57±0.44% 
(6h)
The microvascular function described by the AUC after reactive hyper-
emia increased postprandially following EPA/DHA (all measurements are 
expressed in arbitrary units - AU): 5724±617 AU (0h), 7124±506 AU (2h) 
(p=0.012), 6511±630 AU (4h), 6232±665 AU (6h). The AUC remained un-
changed postprandially following olive oil: 7325±688 AU (0h), 7315±607 AU 
(2h), 7159±535 AU (4h), 7538±664 AU (6h).
Conclusion: In subjects with diabetes mellitus, a 6 weeks treatment with 
EPA/DHA preserves the FMD (macrovascular function) while olive oil de-
teriorates it. Concerning the microvascular function, EPA/DHA for 6 weeks 
improved blood flow following reactive hyperemia after the test meal. These 
observations suggest protective cardiovascular effects of omega 3 fatty acids 
vs. olive oil in this population.
Supported by: Solvay Pharmaceuticals, Hannover, Germany



S 480 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

1244
Analogue versus human insulin therapy improves postmeal glucose 
and cardiac function in patients with type 2 diabetes with intensive 
conventional insulin therapy
T. Siegmund, H. von Bibra, M. Riemer, P.-M. Schumm-Draeger; 
Dep. for Endocrinology, Diabetes and Vascular Medicine, Klinikum Munich 
GmbH, Munich, Germany.

Background and aims: Compared to human insulins (HI), analogue insulins 
(AI) lower postprandial glucose levels more effectively also in type 2 diabetes 
(T2D). The importance of postprandial glucose control has been shown pre-
dominantly for cardiovascular risk and sparsely for myocardial dysfunction. 
Accordingly, it is not known whether therapy with AI can improve myocar-
dial dysfunction in T2D, which is known for its high prevalence and prognos-
tic relevance. This prospective, randomized, open long-term study tested the 
hypothesis, that intensive conventional insulin therapy (ICT) with AI vs. HI 
improves postprandial glucose control associated with improved myocardial 
function.
Materials and methods: For 24 months, 104 T2D patients were seen at 3 
monthly visits to adapt antidiabetic ICT treatment for the target fasting glu-
cose ≤110 mg/dl and postmeal glucose ≤150 mg/dl in these two randomised 
groups: AI (insulin detemir + insulin aspart, n=59) and HI (NPH-insulin and 
regular human insulin, n=45). Systolic (S’) and diastolic myocardial function 
(E’) were assessed by tissue Doppler before and two hours after a standard-
ized test meal, a pure carbohydrate continental type of breakfast (48g car-
bohydrates). Both groups were comparable with regard to demographics, 
cardiovascular risk factors, concomitant medication, cardiac function and 
metabolic control at baseline.
Results: After 24 months, HbA1c decreased in AI from 7.0±1.5 to 6.5±0.7%, 
p<0.02) and in HI from 7.6±1.8 to 6.5±0.8%, p<0.001. Postprandial serum 
glucose was reduced (p<0.001) by 38±81 mg/dl in AI but not significantly 
by 8±57 mg/dl in HI (p<0.04 compared to AI). Fasting serum glucose was 
reduced by 16±48 mg/dl in AI (p<0.02) and by 15±43 mg/dl in HI (p<0.003). 
In AI, S’ increased significantly from 7.4±1.1 to 7.7±1.1 cm/s (p<0.04) as 
did E’ (7.8±1.4 to 8.1±1.4 cm/s, p<0.04) associated with a parallel increase 
post- meal (p<0.002). In HI, however, fasting S’ remained unchanged (from 
7.6±1.0 to 7.7±1.2 cm/s) and so did fasting E’ (from 8.2±1.7 to 8.2±2.0 cm/s) 
similar to the postprandial values.
Conclusion: In patients with T2D, 24 months ICT-therapy with AI signifi-
cantly improved postprandial glucose control associated with improved car-
diac function compared to ICT with HI. Given the prognostic relevance of 
myocardial dysfunction in T2D, this association should be taken into consid-
eration when selecting an insulin regimen for people with T2D.

1245
Rationale and design of the Trial Evaluating Cardiovascular Outcomes 
with Sitagliptin (TECOS)
M.A. Bethel1,2, J. Green2, R.M. Califf3, R.R. Holman1; 
1Diabetes Trials Unit, Oxford Centre for Diabetes, Endocrinology and 
Metabolism, United Kingdom, 2Department of Medicine, Division of 
Endocrinology, Duke University Medical Center, Durham, United States, 
3Department of Medicine, Division of Cardiology, Duke Translational 
Medicine Institute, Durham, United States.

The purpose of TECOS is to evaluate the potential impact of sitagliptin, a 
dipeptidyl peptidase-4 inhibitor, on cardiovascular outcomes and clinical 
safety in a multinational, randomized, double-blind, placebo-controlled trial. 
TECOS is a pragmatic, academically run trial that will recruit approximately 
14,000 patients with type 2 diabetes who are at least 50 years old, have docu-
mented vascular disease, and who have an HbA1c betwen 6.5% and 8% on 
stable doses of any one or two of three oral antihyperglycemic agents (met-
formin, sulfonylurea, pioglitazone). A minimum of 2000 patients will be on 
metformin monotherapy and 2000 patients on pioglitazone (alone or in com-
bination). Randomization will be 1:1 to the addition of double-blind sitaglip-
tin (100 mg/day) or matching placebo to a patient’s existing diabetes care 
regimen in a usual care setting, with the aim of achieving glycemic equipoise 
in the two groups. Patients with moderate, but not severe, renal insufficiency 
can be included but will be given reduced doses of sitagliptin. Patient accrual, 
which began in December 2008, will take 2 years in around 30 countries. 
The primary endpoint will be the time to the first occurrence of a composite 
cardiovascular outcome (cardiovascular death, nonfatal myocardial infarc-
tion, nonfatal stroke or hospitalization for unstable angina). Cardiovascular 

events will be adjudicated by an independent committee, blinded to study 
therapy. In this non-inferiority trial, 1300 confirmed primary endpoints are 
needed to provide 90% power to yield the upper limit of the adjusted 95% 
CI for a hazard ratio <1.20 at a one-sided alpha level of 0.025. Follow up will 
be four monthly in the first year, then twice yearly for a minimum of four 
years or until 1300 primary endpoints have occurred. TECOS will assess the 
impact of sitagliptin on cardiovascular outcomes when used in addition to 
usual diabetes care.
Supported by: Merck & Co., Inc.

1246
Anti-inflammatory effects of cilostazole on vascular smooth muscle in in 
vitro and in vivo
Y. Hattori, S. Hattori, K. Kasai; 
Dokkyo University School of Medicine, Mibu, Japan.

Cilostazol is classified as an antiplatelet agent because it inhibits platelet 
aggregation induced by collagen, 5’-adenosine diphosphate (ADP), epine-
phrine, and arachidonic acid. Since receiving approval in the United States 
for the treatment of intermittent claudication in 1999, cilostazol continues 
to demonstrate promise in the treatment of cardiovascular disorders. We re-
cently reported that cilistazol restored endothelial function in diabetic rats 
(OLETF), showing one of the mechanisms for cilostazol to protect endothe-
lial cells against inflammatory stimuli that cilostazol inhibits the cytokine-
induced expression of pro-inflammatory and adhesion molecule genes by 
suppressing NF-κB activity via AMP-activated protein kinase (AMPK) ac-
tivation, not via the cyclic AMP (cAMP)/ protein kinase A (PKA) pathway 
using cultured vascular endothelial cells. To show that this mechanism works 
in in vivo vascular vessels, we examined aortas with cilostazol-treated rats 
whether AMPK is associated with the protective effect of cilostazol. We found 
that AMPK is highly expressed in the aorta from cilostazol-treated rats com-
pared with control rats and that AMPK expression is strongly induced in aor-
tic smooth muscle cell layers in cilostazol-treated rats. We thus investigated 
whether cilostazol exerts anti-inflammatory effects on those cultured vascu-
lar smooth muscle cells (VSMC). Cilostazol was observed to activate AMPK 
and its downstream target, acetyl-CoA carboxylase, in VSMC. Phosphor-
ylation of AMPK with cilostazol was not affected by co-treatment with an 
adenylate cyclase inhibitor, SQ 22536, and a cell-permeable cAMP analogue, 
pCTP-cAMP, did not induce AMPK phosphorylation and had no effect on 
cilostazol-induced AMPK phosphorylation, suggesting that cilostazol-in-
duced AMPK activation occurs through a signalling pathway independent of 

cyclic AMP. Cilostazol also dose-dependently inhibited tumor necrosis factor 
alpha (TNF)-induced NF-κB activation and TNF-induced IκB kinase activity. 
Furthermore, cilostazol attenuated the TNF-induced promoter activation of 
iNOS gene and iNOS gene expression, resulting in reduction of NO produc-
tion. Transduction with dominant-negative AMPK abolished the suppressive 
effect of cilostazol on iNOS promoter activity and mRNA expression and NO 
production in VSMC. Furthermore, cilostazol treatment of the LPS-treated 
rats reduced the induction of iNOS expression in the aorta. In the light of 
these findings, we suggest that cilostazole plays anti-inflammatory roles on 
vascular smooth muscle cells via induction and activation of AMPK.
Supported partly by a grant from the Japan Private School Promotion Founda-
tion
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Circulating neopterin and monocyte chemoattractant protein-1 are 
responsive to statin therapy but are poor predictors of cardiovascular 
events in type 2 diabetes in CARDS
H.M. Colhoun1, D.J. Betteridge2, P.N. Durrington3, G. Hitman4,  
H.A.W. Neil5, V. Charlton-Menys6, W. Bao7, D. DeMicco7, G. Preston7,  
S. Livingstone1, J.H. Fuller2; 
1University of Dundee, United Kingdom, 2University College London, 
United Kingdom, 3University of Manchester, United Kingdom, 4Barts and 
The London Medical School, United Kingdom, 5Oxford University, United 
Kingdom, 6University of Manchester, United Kingdom, 7Pfizer Ltd, New 
York, United States.

Background and aims: Neopterin is produced by stimulated macrophages 
and monocyte chemoattractant protein-1 (MCP-1) is a chemokine involved 
in immune cell recruitment. Both have been suggested as useful biomarkers 
of cardiovascular disease (CVD). Data on whether they are useful in those 
with diabetes and whether they are responsive to statin therapy are scarce. We 
assessed whether circulating levels of neopterin and MCP-1 predict future 
CVD events and respond to atorvastatin 10 mg daily in diabetes in the ran-
domised trial the Collaborative Atorvastatin Diabetes Study (CARDS).
Materials and methods: We used a nested case control design sampling all 
those incident cases of CVD (n=210) in CARDS in whom a valid serum sam-
ple was available (n=198) and randomly selecting three controls per case from 
those who completed the trial without a CVD event, stratified by treatment 
allocation. The median follow up duration in the trial was 3.9 years. Neop-
terin was measured in ng/mL using an ELISA method. MCP-1 was measured 
in pg/ml using the Human Cytokine LINCO Plex kit. Analysis was by Cox 
regression and logistic regression with adjustment for treatment allocation 
and relevant covariates.
Results: Baseline median (interquartile range) of neopterin was 2.5ng/ml 
(1.9-3.4). At one year follow up neopterin had increased significantly more 
in the placebo group (median increase of +0.8 ng/ml ) than in the Atorvas-
tatin group (median increase +0.4 ng/ml p=0.01 for the treatment associated 
difference). Baseline median (interquartile range) of MCP-1 was 134 pg/mL 
(90-192). At one year follow up MCP-1 had risen very slightly in the pla-
cebo group (median change of 0.7 units ) but on average had fallen in the 
Atorvastatin group (median fall -11 pg/ml p=0.015 for the treatment associ-
ated difference). However baseline levels of neopterin did not predict CVD 
(Hazard ratio for a doubling in neopterin adjusted for age sex and trreatment 
allocation= 0.99 95% CI 0.78-1.25, p=0.90) and neither did levels of MCP-1 
(Hazard ratio per doubling in MCP-1 = 1.05 95% CI 0.9-1.2, p=0.60) whether 
adjusted for other risk factors or not. Neither were on treatment neopterin or 
MCP-1 levels predictive of events.
Conclusion: Atorvastatin reduces neopterin and MCP-1 levels in those with 
diabetes consistent with a reduction in macrophage activation. However our 
data do not support the use of circulating neopterin or MCP-1 as surrogate 
markers of CVD events in diabetes trials.
The CARDS trial was funded by Pfizer Ltd, Diabetes UK and the UK NHS 
R&D

1248
Efficacy of fenofibric acid in combination with atorvastatin in patients 
with type 2 diabetes mellitus and mixed dyslipidaemia
D.J. Sleep1, A.C. Goldberg2, C.M. Setze1, J.-C. Ansquer3, M.T. Kelly1; 
1Abbott, Abbott Park, United States, 2Washington Univ School of Medicine, 
St. Louis, United States, 3Laboratoires Fournier, Daix, France.

Background and aims: Patients with Type 2 diabetes (T2DM) are at high 
risk for coronary heart disease and frequently have mixed dyslipidemia (high 
triglycerides, low HDL-C and elevated LDL-C) which may be refractory to 
single-agent lipid-altering therapy. This preplanned analysis of the subgroup 
of patients with T2DM and mixed dyslipidemia enrolled into a multicenter, 
double-blind, controlled phase 3 study evaluates the efficacy of the combina-
tion of fenofibric acid (FA) and atorvastatin (A) on multiple lipid parameters.
Materials and methods: A total of 613 patients with LDL-C ≥ 130 mg/dL 
(3.36 mmol/L), triglycerides ≥150 mg/dL (1.70 mmol/L) and HDL-C < 40 
mg/dL (1.03 mmol/L) for men (< 50 mg/dL [1.29 mmol/L] for women) were 
randomized to either FA 135 mg, A (20, 40 or 80 mg) or combination therapy 
(FA + either A20 or A40 mg) and treated for 12 weeks. A total of 147 (25.5%) 

of the 576 patients included in the primary efficacy analysis had T2DM. The 
primary efficacy comparisons were mean percentage change in HDL-C and 
TG (FA+A v. A), and LDL-C (FA+A v. FA). Secondary endpoints included 
mean percentage change in non-HDL-C and apolipoprotein B (FA+A v. A).
Results: FA+A combination therapy resulted in numerically greater improve-
ments in TG and HDL-C than the corresponding atorvastatin monotherapies 
and greater improvement in LDL-C than FA monotherapy in patients with 
T2DM (Table). After 12 weeks of treatment, FA+A resulted in mean values 
of LDL-C, TG and HDL-C that were within or close to ADA-recommended 
target values. All treatments were generally well tolerated, and no case of 
rhabdomyolysis was reported.
Conclusion: The combination of FA+A resulted in more comprehensive im-
provement of multiple lipid parameters than either monotherapy for patients 
with T2DM and mixed dyslipidemia. 

Mean % change from baseline to final visit in lipid parameters in patients with T2DM
Lipid Parameter FA

(135 mg)
A
(20 mg)

FA+A
(135/ 
20 mg)

P-Value A
(40 mg)

FA+A
(135/ 
40 mg)

P-Value

HDL-C
BL mean
Final mean
Mean % Δ
(SE)

n = 22
37.9
45.4
+19.6
(4.66)

n = 25
39.0
38.9
+2.0
(4.37)

n = 26
38.3
42.5
+11.5
(4.29)

0.12 n = 25
38.8
38.8
+1.5
(4.37)

n = 21
38.1
42.6
+13.3
(4.77)

0.07

Triglycerides
BL mean
Final mean
Mean % Δ
(SE)

n = 26
281.3
197.8
-28.3
(6.97)

n = 26
258.8
246.8
-10.8
(7.00)

n = 28
296.0
140.0
-45.5
(6.73)

<0.001 n = 28
271.1
221.9
-14.9
(6.73)

n = 26
294.5
154.5
-44.0
(6.98)

0.003

LDL-C
BL mean
Final mean
Mean % Δ
(SE)

n = 24
162.1
145.0
-7.2
(4.14)

n = 26
161.9
91.6
-42.2
(3.98)

n = 26
154.7
102.1
-30.7
(3.99)

<0.001 n = 26
155.4
86.3
-44.4
(3.98)

n = 23
165.4
100.7
-33.8
(4.25)

<0.001

Non-HDL-C
BL mean
Final mean
Mean % Δ
(SE)

n = 22
220.2
178.2
-16.8
(4.44)

n = 26
214.7
140.7
-33.8
(4.10)

n = 26
218.8
127.6
-40.8
(4.10)

0.23 n = 25
216.4
125.5
-42.5
(4.17)

n = 21
227.1
129.6
-41.3
(4.56)

0.86

Apolipoprotein B
BL mean
Final mean
Mean % Δ
(SE)

n = 26
143.3
123.4
-11.1
(3.24)

n = 27
143.7
95.5
-33.0
(3.18)

n = 28
144.8
91.8
-35.4
(3.13)

0.60 n = 27
139.7
88.9
-36.6
(3.19)

n = 26
152.0
94.0
-36.1
(3.27)

0.92

Means are mg/dL. BL = baseline, SE = standard error
P-values are for FA+A vs A, except for LDL-C, which is FA+A vs FA.

Abbott sponsored and conducted this clinical study

1249
Atorvastatin treatment affects the relationships of LDL and non-HDL 
cholesterol with ApoB in type 2 diabetes mellitus: modification by 
triglycerides and CETP
P.J.W. Kappelle1, L. Zwang2, M.V. Huisman3, J.D. Banga4, W.J. Sluiter1, G.M. 
Dallinga-Thie5, R.P.F. Dullaart1; 
1Endocrinology, University Medical Centre Groningen, 2Clinical Chemis-
try, Erasmus medical Centre, Rotterdam, 3Endocrinology, Leiden University 
Medical Centre, Groningen, 4Gelderse Vallei, Ede, 5Laboratory of Experimen-
tal Vascular Medicine, Academic Medical Centre Amsterdam, Netherlands.
Aims and hypothesis: Current guidelines propose non-HDL-cholesterol 
(non-HDLC) and apolipoprotein (apo) B as treatment targets in addition 
to LDL-cholesterol (LDLC). The extent to which statin therapy affects the 
relationships of LDLC and non-HDLC with apo B was examined in type 2 
diabetes.
Methods: Analyses were performed in the DALI cohort (217 moderately 
hypertriglyceridaemic type 2 diabetic patients). Sixty-one placebo- and 135 
atorvastatin-treated patients completed 30 weeks of follow-up. LDLC was 
calculated by the Friedewald formula. Apo B was assayed by immunotur-
bidimetry. Cholesteryl ester transfer protein (CETP) mass was measured by 
ELISA. 
Results: Baseline fasting LDLC of 2.42 mmol/l and non-HDLC of 3.69 mmol/
l corresponded to the apo B guideline target of 0.90 g/L. During atorvastatin 
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(10 and 80 mg daily), the LDLC target was achieved more frequently than the 
apo B target, and lower LDLC (2.38 and 2.29 mmol/l) and non-HDLC (3.24 
and 3.19 mmol/l) concentrations corresponded to this apo B goal. Decreases 
in LDLC during atorvastatin treatment were negatively (p < 0.001), but de-
creases in non-HDLC were positively related to changes in triglycerides (p < 
0.001), independently from decreases in apo B (p < 0.001 for all). Decreases 
in LDLC and non-HDLC were positively associated with decreases in CETP 
mass (p < 0.001).
Conclusion and interpretation: Atorvastatin leads to a shift in the relation-
ships of fasting LDLC and non-HDLC with apo B in type 2 diabetes towards 
lower LDLC and non-HDLC levels that correspond to an apo B guideline 
target of 0.90 g/l. Triglycerides and CETP modify these relationships.

The original DALI study was partly supported by an unrestricted grant of 
Parke-Davis, The Netherlands.

1250
The relationship between HbA1c and cardiovascular disease in patients 
with Japanese hypercholesterolaemia and effect of low dose pravastatin
R. Nishimura1, T. Nakagami2, H. Sone3, N. Tajima1; 
1Division of Diabetes, Metabolism and Endocrinology Department of Internal 
Medicine, Jikei University School of Medicine, Tokyo, 2Diabetes Centre, Tokyo 
Women’s Medical University, 3Department of Internal Medicine, University of 
Tsukuba Institute of Clinical Medicine, Ibaraki, Japan.

Background and aims: The relationship between HbA1c and cardiovascular 
risk in patients with hypercholesterolemia is not well understood because of 
sparse data. The aim of the present study was to investigate the relationship 
between HbA1c and future development of cardiovascular disease in patients 
with hypercholesterolemia, and to evaluate the effect of pravastatin in a post-
hoc analysis of the large-scale primary prevention study with pravastatin 
(The Management of Elevated cholesterol in the primary prevention Group 
of Adult Japanese (MEGA) Study).

Material and methods: The MEGA Study sought to evaluate the effect of 
low-dose pravastatin (10-20 mg/day, approved dose in Japan) on primary pre-
vention of cardiovascular disease in a total of 7,832 Japanese patients (male, 
40 to 70 years; female, post-menopause to 70 years) with mild to moderate 
hyperlipidemia without cardiovascular disease. Patients were randomized to 
diet alone or diet + pravastatin and followed for more than 5 years. A total 
of 4,002 patients with baseline and follow-up HbA1c levels were analyzed. 
The relationship between HbA1c and the risk of cardiovascular disease was 
evaluated according to sex and treatment arm, using multivariate Cox pro-
portional hazards model with a restricted quadratic spline based on three 
knots for HbA1c quartiles (5.2, 5.5, 6.4 %).
Results: The spline curve in 4,002 patients continuously rose to around an 
HbA1c of 6%, and thereafter the curve rose more gently. cardiovascular dis-
ease risk was approximately 2-times higher in men than in women, and the 
shape of the curves were similar for men and women (Figure A). The curve 
in the diet group was consistently lower compared with that in the diet + 
pravastatin group, regardless of the HbA1c level (Figure B).
Conclusion: A continuous increase, up to an HbA1c of 6%, in cardiovascular 
disease risk was found, and thereafter a more gentle increase, in Japanese men 
and women with hypercholesterolemia. The beneficial effect of pravastatin is 
achieved regardless of the HbA1c level. 

We are grateful to the MEGA Study Group for the use of their study data

1251
Atorvastatin lowers remnant-like particle cholesterol without affecting 
LDL size in type 2 diabetes mellitus: relevance for non-HDL cholesterol 
and apoB targets
R.P.F. Dullaart1, P.J.W. Kappelle1, G.M. Dallinga-Thie2; 
1Endocrinology, University Medical Centre, Groningen, 2Laboratory of 
Experimental Vascular Medicine, Academic Medical Centre Amsterdam, 
Netherlands.

Background and aims: The extent to which atorvastatin treatment affects LDL 
size, LDL subfractions levels and remnant-like particle cholesterol (RLP-C) 
was determined in Type 2 diabetic patients. We also compared LDL size and 
RLP-C in relation to American Diabetes Association guideline cut-off values 
for LDL cholesterol, non-HDL cholesterol and apolipoprotein (apo) B.
Materials and methods: Changes in RLP-C (immuno-separation technique; 
Japan Immunoresearch Laboratories, Takasaki, Japan) and LDL size (poly-
acrylamide gradient gel electrophoresis) were determined in fasting plasma 
from Type 2 diabetic patients after 30 weeks follow-up in response to ator-
vastatin (10 mg daily, n=65; 80 mg daily, n=62) and placebo (n=58). In 74 
participants, LDL subfractions were measured by density gradient ultracen-
trifugation using a six-step, discontinuous salt gradient. The patients partici-
pated in The DALI (Diabetes Atorvastatin Lipid Intervention) study, which is 
a randomized placebo-controlled multicentre trial that has been performed 
in 3 outpatient university clinics.
Results: Atorvastatin decreased LDL cholesterol, non-HDL cholesterol, trig-
lycerides, apo B and apo E (P < 0.001 for each dose). Atorvastatin also low-
ered RLP-C (P < 0.001 for each dose), but LDL peak particle size remained 
unaffected (Table). All LDL subfractions decreased after atorvastatin (P < 
0.001 for each dose) without a preferential shift towards LDL3. RLP-C was 
lower in those patients achieving the non-HDL cholesterol (0.20 (0.17-0.30) 
mmol/L vs 0.35 (0.22-0.45) mmol/L, P < 0.01) or the apo B guideline targets 
(0.20 (0.17-0.30) mmol/L vs 0.39 (0.20-0.45) mmol/L, P < 0.01), but the LDL 
cut-off value failed to discriminate between lower and higher RLP-C concen-
trations (0.20 (0.17-0.34) mmol/L vs, 0.29 (0.20-0.40) mmol/L, P > 0.10).
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Conclusion: In Type 2 diabetic patients usual and high dose atorvastatin low-
er fasting RLP-C without affecting LDL size and changing LDL subfractions 
towards more boyant LDL. The proposed guideline cut-off levels for non-
HDL cholesterol and apo B may be superior to the LDL cholesterol target in 
discriminating between higher and lower RLP-C levels.
The original Dali study was partly supported by an unresctricted grant from 
Parke-Davis, the Netherlands.

1252
Long-term ezetimibe/simvastatin (E/S) + extended release niacin (N) 
treatment in hyperlipidaemic patients with diabetes and metabolic 
syndrome
S. Fazio1, J.R. Guyton2, J. Lin3, J.E. Tomassini3, A. Shah3, A.M. Tershakovec3; 
1Vanderbilt University, Nashville, 2Duke University, Durham, 3Merck & Co, 
Inc., North Wales, United States.

Background and aims: Guidelines recommend combination therapy to 
achieve optimal LDL-C lowering and broader lipid regulation in high-risk 
patients such as those with diabetes (DM) and metabolic syndrome (MS). 
We assessed the efficacy and safety of combination E/S+N in hyperlipidemic 
patients with DM or MS.
Methods: This analysis of a double-blind, randomized 64-week study in hy-
perlipidemic patients assessed the effect of E/S (10/20 mg) +N (to 2 g) or 
E/S (10/20 mg) treatment for 64 weeks on lipid parameters in subjects with 
DM, with MS without DM (MS/nonDM), or without DM or MS (nonDM/
nonMS). Safety issues including fasting glucose (FG) and new onset DM were 
monitored.
Results: E/S+N improved HDL-C, non-HDL-C, TG, ApoB (see table), 
ApoAI and lipid ratio levels more than did E/S in all subgroups. Reductions 
in LDL-C and hsCRP were similar for E/S+N and E/S in both DM and MS 
subgroups, but E/S+N had a greater effect than E/S in the nonDM/nonMS 
group. Changes in total cholesterol were comparable for both treatments in all 
groups. FG trended higher for E/S+N, peaked at 8 weeks above baseline (1.2 
and 0.6 mmol/L [21.2 and 11.2 mg/dL] for E/S+N vs E/S respectively), then 
gradually declined to pretreatment levels at 64 weeks for both treatments in 
DM patients. New onset DM, due mostly to 2 consecutive FG increases ≥7.0 
mmol/L (≥126mg/dL), was higher in the MS/nonDM than nonMS/nonDM 
group for either treatment (see table) and occurred predominantly during 
the first 24 weeks.
Conclusion: E/S+N improved lipid/lipoprotein profiles and was generally 
well tolerated in hyperlipidemic patients with DM or MS during 64 weeks. 
Increases in FG occurred more often in patients with DM and new onset DM 
in those with MS. These effects, observed mainly during the first 6 months 
of therapy, abated with time. These results indicate that triple combination 
E/S+N is a treatment option for dyslipidemia in patients with DM and MS, 
but requires monitoring of glucose changes. 

1253
Influence of metabolic syndrome factors and insulin resistance on 
ezetimibe/simvastatin and atorvastatin treatment efficacy in patients 
with metabolic syndrome and moderately high/high coronary heart 
disease risk
J.B. Rosen1, C.M. Ballantyne2, S.M. Grundy3, W.A. Hsueh4, H.-H. Parving5, 
J.G. Robinson6, J. Lin7, R.S. Lowe7, A.K. Shah7, A.M. Tershakovec7; 
1Clinical Research of South Florida, Coral Gables, United States, 2Baylor College 
of Medicine and Methodist DeBakey Heart and Vascular Center, Houston, 
United States, 3UT Southwestern Medical Center at Dallas, United States, 
4Methodist Hospital Research Institute, Houston, United States, 5University 
Hospital of Copenhagen, Denmark, 6University of Iowa College of Public 
Health, Iowa City, United States, 7Merck & Co., North Wales, United States.

Background and aims: Metabolic syndrome (MS) affects about 25% of the 
US population. MS associated factors (abdominal obesity, low HDL-C; and 
elevated triglycerides, blood pressure and fasting glucose) as well as insulin re-
sistance (IR) may be associated with increased coronary heart disease (CHD) 
risk. This study assessed the influence of these factors on % change from 

Table (abstract 1251): Remnant like particle cholesterol (RLP-C) concentration, LDL size pattern, LDL particle size 
and at baseline and after placebo or atorvastatin treatment (10 mg or 80 mg daily) in type 2 diabetic patients.
Data in mean ± SD or in median (interquartile range). LDL size pattern distribution by Chi-square analysis: * base-
line: P = 0.68; **follow-up: P = 0.63. ***P < 0.001 compared to baseline. *P < 0.01 and **P < 0.001 compared to base-
line. §P-value for between group difference in change by ANOVA.

Placebo(N = 58) Atorvastatin
10 mg (N= 65)

Atorvastatin 80 mg(N= 62) §P-value

Baseline Follow-up Baseline Follow-up Baseline Follow-up
RLP-C(mmol/L) 0.45  

(0.30-0.64)
0.37  
(0.28-0.49)

0.43  
(0.33-0.70)

0.25  
(0.17-0.37)***

0.47  
(0.32-0.64)

0.21  
(0.17-0.33)***

< 0.001

LDLparticle size  
pattern (A/B)

41/17* 41/17** 42/23* 50/15** 38/24* 42/20**

LDLparticle size (nm) 25.90±0.72 25.94±0.62 25.87±0.75 26.01±0.71 25.76±0.75 25.92±0.73 0.63

Parameter DM MS/nonDM NonDM/nonMS 
E/S 
n=29

E/S+N 
n=55

E/S 
n=93

E/S+N 
n=141

E/S 
n=84

E/S+N 
n=171

HDL-C
% change† 8.6 30.9 9.4 30.7 8.7 30.4
95% CI 1.2,16.0 25.5, 36.3 5.1,13.6 27.2, 34.1 4.3, 13.2 27.3, 33.6
TG
% change‡ -27.3 -50.3 -32.9 -47.5 -18.5 -38.4
95% CI -38.5,-16.1 -56.7,-43.9 -39.1,-26.8 -52.3,-42.7 -25.6,-11.3 -42.2,-34.5
Non-HDL-C
% change† -48.9 -53.6 -45.3 -50.2 -43.7 -53.8
95% CI -55.4,-42.3 -58.4,-48.8 -49.0,-41.5 -53.2,-47.1 -47.6,-39.7 -56.6,-51.0
LDL-C
% change† -55.3 -55.7 -49.8 -52.4 -46.7 -54.7
95% CI -62.1,-48.4 -60.7,-50.7 -53.7,-45.9 -55.6,-49.2 -50.8,-42.6 -57.6,-51.9
ApoB
% change† -44.0 -48.0 -41.4 -46.8 -38.7 -48.0
95% CI -50.7,-37.4 -52.7,-43.4 -45.0,-37.7 -49.8,-43.7 -42.5,-34.9 -50.8,-45.3
New Onset DM
n/N
(%)§

NA NA 7*/119
(5.9)

22**/239
(9.2)

0/108
(0.0)

6***/326
(1.8)

Subgroup analysis of primary efficacy population = all patients randomized to E/S+N 
or E/S who continued the study from 24 wks and had a baseline and at least one 
on-treatment measurement at 64 wks. E/S = ezetimibe/simvastatin (10/20mg); N = 
extended-release niacin (2g); DM=diabetes; MS=metabolic syndrome; FG= fasting 
glucose; †LS mean for within-treatment change from baseline based on ANOVA model 
with terms for treatment, DM/MS category, baseline LDL-C, baseline TG, gender, and 
treatment by DM/MS category interaction; ‡ Hodges-Lehmann estimate of median 
difference; §Defined as diagnosis of DM, 2 consecutive increases FG ≥7.0 mmol/L 
(≥126mg/dL) or initiation of antidiabetic medication; n/N = # of patients with new 
onset DM/# of patients in the subgroup; NA=not applicable; *2/7, **21/22, ***4/6 
patients diagnosed at 24 wks.
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baseline low density lipoprotein cholesterol (LDL-C), high density lipopro-
tein cholesterol (HDL-C), non-HDL-C, total cholesterol (C), very low density 
lipoprotein cholesterol (VLDL-C), triglycerides (TG), apolipoprotein (Apo) B, 
Apo AI, high sensitivity C-reactive protein (hs-CRP), and lipoprotein ratios 
(total C:HDL-C, LDL-C:HDL-C, Apo B:Apo AI, non-HDL-C:HDL-C).
Materials and methods: Post-hoc analysis of a multicenter, 6-week, double-
blind, randomized, parallel group study in over 1000 hypercholesterolemic 
MS patients with moderately high (MHR) or high (HR) CHD risk, treated 
with ezetimibe (E) 10mg/simvastatin (S) 20mg compared to atorvastatin 
(A)10mg or A20mg, or E10/S40mg vs. A40mg. Percent attainment of LDL-C 
< 1.8 mmol/L (70 mg/dL) for HR patients with atherosclerotic vascular dis-
ease (AVD) or LDL-C < 2.6 mmol/L (100 mg/dL) for MHR and HR patients 
without AVD was also evaluated.
Results: E/S and A efficacy were generally consistent across MS factor and IR 
subgroups. E/S produced greater incremental percent reductions in LDL-C 
(Table), non-HDL-C, Apo B, total C, and lipoprotein ratios for all subgroups 
and larger % increases in HDL-C and Apo AI for all but non-obese and HDL-
C ≥ 40 mg/dL subgroups compared to A. TG, VLDL-C, and hs-CRP results 
were more variable. E/S produced greater attainment of LDL-C <1.8 mmol/L 
(70 mg/dL) and < 2.6 mmol/L (100mg/dL) than A for all treatment compari-
sons across all subgroups, except non-obese HR patients with AVD (data not 
shown - some sample size limitations).
Conclusion: These results suggest that efficacy of E/S and A are generally well 
maintained across MS and IR factors, with E/S > A for most treatment dif-
ferences. Observed effects of E/S vs. A may be useful in evaluating treatment 
options for MS patients with moderately high/high CHD risk.

1254
Effects of low-dose, long-term fluvastatin treatment on oxidative/
antioxidative parameters in the pancreas and heart from streptozotocin-
induced diabetic rats
A. Irat1, A. Cumaoglu2, E. Yuksel2, T. Akhayeva1, C. Karasu3, A. Arıcıoglu2, 
G. Ozansoy1, N. Arı1; 
1Pharmacology, Ankara University, 2Biochemistry, Gazi University, Faculty 
of Medicine, 3Medical Pharmacology, Gazi University, Ankara, Turkey.

Background and aims: Statins (HMG-CoA reductase inhibitors) exert many 
pleiotropic effects in addition to lowering cholesterol levels. Oxidative stress 
is universal in diabetes, being ultimately involved with the development com-
plications. Among various statins, fluvastatin is thougt to be the most power-
ful antioxidant. This study was designed to investigate cholesterol-independ-
ent antioxidative effect of chronic fluvastatin treatment in diabetic rats.
Materials and methods: Wistar male rats were made diabetic by streptozo-
tosin (STZ: 55 mg/kg, ip). Some of them and control rats (D and C groups) 
were treated orally for 6 months with fluvastatin (2mg/kg/day, p.o), start-
ing one week after STZ injection (CF and DF groups) (preventive study). In 
pancreas and heart homogenates, the oxidative stress markers, superoxide 
dismutase (SOD) and catalase (CAT) enzyme activities, malon dialdehit 
(MDA), protein carbonyl content (PCC) (by spectrophotometric method) 
and 3-nitrotyrosine (3-NT) levels (by ELISA) were measured.

Results: Body weight, hyperglycemia and dyslipidemia in D groups remained 
unchanged after fluvastatin treatment ( p>.05, ANOVA, n:8-10 each group). 
Oxidative stress parameters studied in pancreas and heart tissues of diabetic 
animals were mostly alleviated by fluvastatin treatment (Table:Enzymes: U / 
mg protein; MDA, PCC: nmol / mg protein, 3-NT: mol/mg protein. Data± 
SEM, Sign. ≠ vs. C; * vs. D; ANOVA test, p<.05, n:5 each, ).
Conclusion: Fluvastatin used in a dose too low to alter the lipid profile seems 
to be beneficial to reduce oxidative stress seen in diabetic state. We can spe-
culate that early and long-term fluvastatin therapy in diabetes may lead to a 
progressive reduction of organ injury.

Effects of Fluvastatin treatment on oxidative stress parameters in the groups.
Groups/ 
Parameters

C CF D DF

SOD Pancreas 0.098±0.022 0.152±0.020≠ 0.178±0.020≠ 0.181±0.021≠
SOD Heart 0.075±0.011 0.077±0.010 0.089±0.005 0.089±0.005
CAT Pancreas 312.87±24.66 306.64±13.73 436.57±28.34≠ 339.62±12.11*
CAT Heart 34.58±2.80 36.23±1.95 40.45±2.38≠ 39.93±1.36*
3-NT Pancreas 83.38±8.99 101.73±8.46 121.21±11.95≠ 74.13±4.13*
3-NT Heart 82.13±2.81 73.56±6.05≠ 96.66±4.21≠ 60.98±3.28*≠
MDA Pancreas 0.485±0.029 0.385±0.039≠ 0.705±0.083≠ 0.472±0.033*
MDA Heart 1.802±0.202 2.503±0.418 0.310±0.3462≠ 2.117±0.177*
PCC Pancreas 23.07±3.34 31.18±6.19 35.90±2.67≠ 29.93±1.41*≠
PCC Heart 12.48±1.31 14.42±2.73 19.75±1.98≠ 16.12±1.2*≠

Supported by: Ankara University; partly supported by COST-B35
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Role of PPARα in human white adipocyte metabolism
E. Montastier, C. Ribet, C. Valle, V. Bezaire, N. Viguerie, D. Langin; 
Laboratory of obesity research, Inserm U858, Paul Sabatier University, 
Toulouse, France.

Background and aims: Understanding of adipose tissue metabolism is im-
portant to prevent the development of obesity-associated diabetic complica-
tions. PPARs are key regulators of lipid metabolism. Among them, PPARα 
is predominantly expressed in tissues with a high rate of fatty acid oxidation 
and is known for its role in the regulation of genes involved in lipid catabo-
lism in the liver. However, the role of PPARα in human adipocyte metabolism 
remains elusive. We previously showed that the activation of PPARα by its 
agonist GW7647 leads to enhanced expression and activity of glycerol ki-
nase (GyK) in human white adipocytes. This probably results from a direct 
activation of GyK transcription by PPARα. This result suggested that PPARα 
could promote an energy dissipating fatty acid cycling between lipolysis and 
triglyceride synthesis. In order to investigate the involvement of PPARα in 
human white adipocyte metabolism, we compared the effects of GW7647 and 
of rosiglitazone, a PPARγ agonist, by a transcriptomic analysis, and we identi-
fied 80 genes differentially regulated by PPARα and PPARγ. DNA microarray 
data were confirmed by quantitative RT-PCR as 21 of 26 genes were differ-
entially regulated. Study of the functions of these genes showed that part of 
them is involved in glycolysis and β-oxidation pathways.
Results: We next showed that GW7647 increased mRNA expression of en-
zymes involved in mitochondrial uptake of acyl-CoA and β-oxidation (hy-
droxyacyl-coenzyme A deshydrogenase α/β: HADHA/B, carnitine palmi-
toyltransferase 1b: CPT1b). These genes are regulated to a lesser extent or 
identically by rosiglitazone. Moreover, the PPARα but not the PPARγ agonist 
increased two fold palmitate oxidation in human white adipocytes. By silenc-
ing PPARα expression with a siRNA, we were able to confirm that palmitate 
oxidation was PPARα-dependent. In addition, GW7647 downregulates the 
expression of many enzymes of the glycolytic pathway (aldolase, glyceralde-
hyde-3-phosphate dehydrogenase, enolase, pyruvate kinase) and of a major 
regulatory protein: pyruvate deshydrogenase kinase 4 (PDK4). These genes 
are regulated to a lesser extent by the PPARγ agonist. This variation of gene 
expression is concomitant with: 1) an increase of pdk4 protein expression and 
2) a decrease of glycolysis shown by reduced pyruvate and lactate accumula-
tion in the culture medium.
Conclusion: In human white adipocytes, activation of PPARα leads to a shift 
in energy fuel selection. The alteration of gene expression by the PPARα ago-
nist GW7647 is associated with a concomitant higher fatty acid oxidation 
level and a lower glucose utilization level, which are not observed with the 
PPARγ agonist. We are currently investigating the involvement of PPARα us-
ing an antagonist of the nuclear receptor.The stimulation of fatty acid con-
sumption combined with dissipation of energy due to PPARα-induced fatty 
acid cycling could be envisioned as a mean to limit systemic fatty acid release, 
which is a crucial step in the development of insulin resistance associated 
with type 2 diabetes.

1256
Serum concentrations of novel metabolic regulator FGF19 in patients 
with type 2 diabetes: the influence of acute hyperinsulinaemia and PPAR-
α agonist treatment
M. Haluzik1, M. Mraz1, M. Bartlova1, D. Haluzikova2, I. Dostalova1,  
V. Humenanska3, Z. Lacinova1; 
13rd Department of Medicine, Charles University, Prague, 2Department 
of Sports Medicine, Charles University, Prague, 3BioVendor, Brno, Czech 
Republic.

Background and aims: Experimental studies have identified fibroblast 
growth factor-19 (FGF19) as a novel endocrine and paracrine regulator with 
multiple effects on metabolic processes and energy homeostasis. At present, 
little is known about its role and regulation of its circulating levels in humans. 
The aim of our study was to measure serum FGF19 concentrations in pa-
tients with obesity and type 2 diabetes mellitus (T2DM) and healthy subjects 
(C) and to assess the changes of its circulating levels after pharmacological 
interventions.
Materials and methods: We measured biochemical parameters, serum 
FGF19, adiponectin, leptin and insulin levels by commercial ELISA and RIA 

kits in 21 T2DM patients and 29 control subjects. The interventions were 
acute hyperinsulinemia during isoglycemic-hyperinsulinemic clamp and 3-
months treatment with PPAR-alpha agonist fenofibrate.
Results: Baseline serum FGF19 levels did not significantly differ between 
T2DM and C groups (189.24 ± 30.9 vs. 202.20 ± 16.74 pg/ml, n.s.). In a com-
bined population of T2DM and C subjects FGF19 levels significantly nega-
tively correlated with glycemia (r= -0,46, p<0.005) and HOMA index (r= 
-0.45, p=0.005). No significant relationship was found between FGF19 and 
BMI, cholesterol, triglyceride, insulin and leptin levels, respectively. 3 months 
of fenofibrate treatment significantly reduced FGF19 levels in T2DM patients 
(194.58 ± 26.2 vs. 107.47 ± 25.0 pg/ml, p<0.05). Acute hyperinsulinemia 
during isoglycemic-hyperinsulinemic clamp decreased FGF19 levels in both 
healthy and T2DM subjects (214.5 ± 55.2 vs. 145.7 ± 19.9 and 198.6 ± 48.6 vs. 
147.2 ± 24.7 pg/ml, respectively, n.s.). 3-months treatment with fenofibrate 
abolished insulin-induced decrease in FGF19 concentrations during isoglyc-
emic-hyperinsulinemic clamp in T2DM group.
Conclusion: The presence of obesity and type 2 diabetes mellitus did not 
influence fasting serum FGF19 levels. On the contrary, both acute hyperin-
sulinemia and treatment with PPAR-alpha agonist fenofibrate significantly 
decreased FGF19 levels. We suggest that decrease of FGF19 levels may play a 
role in some of positive metabolic effects of PPAR-alpha activation.
Supported by: MSM0021620814, IGA 8302-5 and 10024-4
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Roles of peroxisome proliferator-activated receptor delta and  
4-hydroxy-dodecadienal in the regulation of glucose transport in 
vascular endothelial cells 
S. Sasson1, Y. Sin-Malia1, J. Eckel2, B. Staels3, M. Guichardant4, Y. Riahi1; 
1Department of Pharmacology, Hebrew University Faculty of Medicine, 
Jerusalem, Israel, 2Clinical Biochemistry and Pathobiochemistry, The 
German Diabetes Center, Duesseldorf, Germany, 3Department of 
Atherosclerosis, Institut Pasteur de Lille, France, 4Insa-Lyon RMND/IMBL, 
University of Lyon, Villeurbanne, France.

Background and aims: Vascular endothelial cells protect their intracellular 
environment against deleterious effects of ambient high glucose concentra-
tions by downregulating the rate of glucose uptake subsequent to a reduc-
tion of total cell content and plasma membrane abundance of their principal 
glucose transporter GLUT-1. We have discovered that high glucose levels in-
crease the expression of the arachidonic acid metabolizing enzyme 12-lipox-
ygenase (12-LO) and enhance the biosynthesis of its product 12-HpETE in 
vascular endothelial cells (VEC). In addition, the protein calreticulin, whose 
expression is also increased in these cells, interacts with and destabilizes 
GLUT-1 mRNA, leading to a decreased expression of the transporter. The 
present study has aimed at ascertaining whether the peroxidation product of 
12-HpETE, namely 4-hydroxy-dodecadienal (4-HDDE) activates a peroxi-
some-proliferator-activated receptor (PPAR) family member to induce calre-
ticulin expression and destabilize GLUT-1 mRNA.
Materials and methods: Naïve primary cultures of bovine aortic EC or cul-
tures expressing an ectopic hPPAR isotype (α, γ or δ) and a PPAR-response 
element (PPRE) driven-luciferase reporter construct were incubated at 
normal or high glucose levels and treated with various PPAR agonists or 4-
HDDE. The rate of glucose transport, luciferase activity, mRNA and protein 
expression as well as the subcellular distribution of GLUT-1 and calreticulin 
mRNA and protein levels were determined. In addition, the amount of 4-
HDDE secreted from VEC exposed to normal or high glucose was measured 
by HPLC. 
Results: This study shows that hyperglycemia-induced production of 12-
HpETE results in its excessive peroxidation to generate augmented amounts 
of 4-HDDE. When added to normoglycemic VEC, both 4-HDDE, at non-
toxic concentrations, or the PPARδ selective agonist GW501516 mimicked 
high glucose-induced downregulation of glucose transport and reduced 
GLUT-1 mRNA and protein content while increasing calreticulin expres-
sion. 4-HDDE induced PPRE-luciferase reporter activity only in VEC that 
ectopically expressed hPPARδ, but not hPPARα, hPPARγ1 or hPPARγ2. In 
addition, partial silencing of PPARδ expression with siRNA reversed high 
glucose induced down and upregulation of GLUT-1 and calreticulin expres-
sion, respectively. Finally, while pharmacological inhibition of 12-LO with 
baicalein prevented high glucose-dependent downregulation of the glucose 
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transport system the presence of 4-HDDE or GW501516 restored this down-
regulatory capacity.
Conclusion: This study shows that 4-HDDE is a potent physiological ago-
nist of PPARδ. The generation of 4-HDDE is augmented in VEC under high 
glucose conditions due to an increased availability and peroxidation of 12-
HpETE. This peroxidation product activates PPARδ, which in turn increases 
the expression of calreticulin that destabilizes GLUT-1 mRNA in VEC.
Supported by: GIF-German Israel Foundation

1259
Preclinical safety of INT131, a selective PPARγ modulator (SPPARM), 
is differentiated from PPAR full agonists in chronic rodent and monkey 
studies
L.S. Higgins, D.M. Lanfear, U. Devanaboyina, A.M. DePaoli; 
InteKrin Therapeutics, Los Altos, United States.

Background and aims: PPARγ is a validated clinical target for addressing 
insulin resistance, a key etiologic factor in Type 2 Diabetes Mellitus (T2DM). 
However, full activation of PPARγ by agents such as the thiazolidenediones 
(TZDs) also causes weight gain, fluid retention, CHF, and increased bone 
fracture risk. These effects are also observed in preclinical species, which have 
been predictive of clinical experience for full PPARγ agonists, including ros-
iglitazone and pioglitazone. In fact, cardiovascular mortality has limited full 
agonist exposure in chronic preclinical studies.
INT131 is a potent, novel, non-TZD selective PPARγ modulator (SPARRM) 
designed to minimize or eliminate the typical side effects of the full PPARγ 
agonists while retaining the potent effects on glucose metabolism and insulin 
sensitization. Pharmacology models of diabetes and a Phase 2a clinical study 
in T2DM have demonstrated a lack of significant weight gain and fluid reten-
tion at doses of INT131 providing similar or better anti-diabetic efficacy to 
rosiglitazone and pioglitazone. Six month rat and monkey studies of INT131 
have shown no significant fluid retention, weight gain, cardiac effects or adi-
pose marrow replacement at very high multiples (>400 fold for rat ,and >200 
fold for monkey) of the Phase 2a exposure of INT131 that provided compa-
rable efficacy to high dose TZDs.
Materials and methods: The safety profile of INT131 was characterized in 
long term studies in rodents and monkey with special attention to known 
cardiac and other full PPARγ agonist effects. Monkey: Groups of 4 male and 
female cynomolgus monkeys were administered 0, 0.3, 1.0, or 3.0 mg/kg/day 
INT131 for 52 weeks, with additional groups allowed a 4 week post-dos-
ing period. A comprehensive assessment of safety was conducted. Rodent: 
Groups of 60 male and 60 female rats and mice were administered vehicle 
or one of 4 doses of INT131 (range 0.3-300 mg/kg/day) for up to 104 weeks. 
A safety assessment was conducted. All three studies included additional 
evaluations to characterize toxicity of PPAR ligands designated in FDA Draft 
Guidance for Diabetes Drugs.
Results: INT131 was well tolerated as determined by lack of significant ef-
fect on clinical observations, survival, weight, and food intake at anticipated 
exposures greater than ~130 (mouse, 2 years), ~100 (rat, 2 years), and ~40 
(monkey, 1 year) fold over the Phase 2a exposure of INT131 giving similar 
efficacy to high dose TZDs.
Conclusion: Available nonclinical and clinical data support the potential of 
INT131 to function as a SPPARM to provide potent insulin sensitization and 
glucose reduction separate from the undesirable effects of full-agonist TZDs 
such as weight gain, adiposity and adipose marrow replacement, fluid reten-
tion, and CHF. Findings of interest for PPARγ ligands will be discussed, par-
ticularly those involving the cardiovascular system.

1260
Effect of adjunct metformin treatment on levels of plasma lipids in 
patients with type 1 diabetes
S.S. Lund1, L. Tarnow1, A. Astrup1, P. Hovind1, P.K. Jacobsen1,  
A.C. Alibegovic1, I. Parving1, L. Pietraszek1, M. Frandsen1, P. Rossing1,  
H.-H. Parving2, A.A. Vaag1; 
1Dep of Endocrinology, Steno Diabetes Center, Gentofte, 2Dep of Medical 
Endocrinology, Rigshospitalet, Copenhagen, Denmark.

Background: In addition to its glucose-lowering effect, metformin treatment 
has been suggested to improve lipidaemia in patients with type-2 diabetes. 
In contrast, in patients with type-1 diabetes (T1DM), information about the 
effect of metformin treatment on lipidaemia is limited. Here we report the ef-

fect of a one-year treatment with metformin versus placebo on plasma lipids 
in T1DM patients and persistent poor glycaemic control.
Methods: One hundred T1DM patients and HaemoglobinA1c ≥8.5% during 
the year before enrolment entered a one-month run-in on placebo treatment. 
Thereafter, patients were randomised (baseline) to treatment with either met-
formin (1000 mg twice-daily) or placebo for 12 months (double-masked). 
Patients continued ongoing insulin therapy and their usual outpatient clinical 
care. Outcomes were assessed at baseline and after one year.
Results: After one year, in those patients who did not start or stop statin 
therapy during the trial, metformin treatment significantly reduced total 
and LDL cholesterol by approximately 0.3 mmol/l as compared to placebo 
(p=0.021 and p=0.018, respectively). Adjustment for statin use or known 
CVD did not change conclusions. In statin users (metformin: n=22; placebo: 
n=13), metformin significantly lowered levels of LDL and non-HDL choles-
terol by approximately 0.5 mmol/l compared to placebo (adjusted for changes 
in statin dose or agent: p=0.048 and p=0.033, respectively). HaemoglobinA1c 
(previously reported) was not significant different between treatments.
Conclusion: In patients with poorly controlled T1DM, at similar glycaemic 
levels, adjunct metformin therapy during one year significantly lowered levels 
of pro-atherogenic cholesterolaemia independent of statin therapy.
Supported by: the Danish Diabetes Association

1261
Dalcetrapib safety and tolerability in high-risk patients with type 2 
diabetes mellitus and/or metabolic syndrome
D. Kallend1, A.F.H. Stalenhoef2, R. Duttlinger-Maddux1, A.C. Goldberg3; 
1F. Hoffmann-La Roche Ltd, Basel, Switzerland, 2Radboud University 
Nijmegen Medical Centre, Netherlands, 3Washington University School of 
Medicine, St Louis, United States.

Background and aims: Individuals with type 2 diabetes mellitus (T2DM) 
and metabolic syndrome (MetSyn) are at markedly increased cardiovascu-
lar risk, even following intensive statin therapy. Low HDL cholesterol levels, 
characteristic of T2DM and MetSyn, constitute an independent cardiovas-
cular risk factor. Dalcetrapib, a selective inhibitor of cholesteryl ester trans-
fer protein (CETP) activity, effectively raises HDL cholesterol. This analysis 
evaluated the safety and tolerability of dalcetrapib 900 mg daily in patients 
with dyslipidaemia, CHD or CHD risk equivalents with and without T2DM 
and/or MetSyn (T2DM/MetSyn).
Materials and methods: Evaluation of the safety and tolerability profile of 
dalcetrapib 900 mg was evaluated in patients with T2DM/MetSyn (as defined 
by NCEP ATPIII guidelines) by post hoc analysis of a placebo-controlled 
Phase II trial of 24 weeks duration with 24-week extension.
Results: Overall, 107 patients with T2DM/MetSyn received dalcetrapib 
(n=74) or placebo (n=33) and 28 patients without T2DM/MetSyn received 
dalcetrapib (n=15) or placebo (n=13) for 24 weeks. Patients were of mean 
age 59-64 years and predominantly male (73-93%) and white (76-93%). In 
the T2DM/MetSyn group, the number of patients reporting ≥1 adverse event 
(AE) by week 24 was 61 (82%) in the dalcetrapib group and 27 (82%) in the 
placebo group. In patients without T2DM/MetSyn, AEs were reported in 13 
(87%) and 10 (77%) patients, respectively. Most AEs were mild to moder-
ate in intensity and considered unrelated to study drug. AEs occurring most 
commonly (≥10% of patients) in those with T2DM/MetSyn administered 
dalcetrapib or placebo were (dalcetrapib/placebo); upper respiratory tract 
infection (URTI [15%/9%]) and diarrhoea (14%/12%). Patients without 
T2DM/MetSyn showed a similar profile, commonly reported AEs (≥10%) be-
ing (dalcetrapib/placebo); URTI (13%/23%), diarrhoea (20%/8%), flatulence 
(7%/23%) and nasopharyngitis (7%/15%). There was no effect of treatment on 
blood pressure. Serious AEs (SAEs) were few. In patients with T2DM/MetSyn 
administered dalcetrapib or placebo, SAEs occurred in only 6 (8%) and 2 
(6%) of patients, respectively. In those without T2DM/MetSyn, SAEs were 
reported in 3 (20%) and 2 (15%) of patients. No SAE was considered related 
to study treatment. The reported tolerability profile was generally sustained 
for up to 48 weeks. Dalcetrapib had no effect on fasting glucose or HbA1C.
Conclusion: This analysis showed that dalcetrapib 900 mg was well toler-
ated in high-risk patients with T2DM and/or MetSyn after exposure for 24 
weeks.
Supported by: F. Hoffmann-La Roche Ltd
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1262
Dalcetrapib in high-risk patients with type 2 diabetes mellitus and/or 
metabolic syndrome
A.F.H. Stalenhoef1, M.H. Davidson2, J.G. Robinson3,  
R. Duttlinger-Maddux4, D. Kallend4, H. Bays5; 
1Radboud University Nijmegen, Netherlands, 2Rush-Presbyterian-St. 
Luke’s Medical Center, Chicago, United States, 3Lipid Research Clinic, 
The University of Iowa, United States, 4F. Hoffmann-La Roche Ltd, Basel, 
Switzerland, 5Louisville Metabolic and Atherosclerosis Research Center  
(L-MARC), Louisville, United States.

Background and aims: Even with statin therapy, type 2 diabetes mellitus 
(T2DM) markedly increases cardiovascular (CV) risk, accounting for 70-
80% of deaths. Low HDL cholesterol (HDL-C) levels often occur with T2DM 
and metabolic syndrome (MetSyn), and constitute an independent CV risk 
factor. Dalcetrapib is a selective inhibitor of cholesteryl ester transfer protein 
(CETP) activity that significantly raises HDL-C levels in healthy subjects and 
in patients with hypercholesterolaemia. This analysis evaluated the efficacy 
of dalcetrapib in patients with dyslipidaemia, CHD or CHD risk equivalents 
with and without T2DM and/or MetSyn (T2DM/MetSyn).
Materials and methods: Post hoc analysis of dalcetrapib 600 mg (dose used 
in the Phase III dal-OUTCOMES trial) in a total of 488 study participants, 
with most (~60%) having T2DM/MetSyn. Data were derived from 4 placebo-
controlled Phase II trials (of up to 12 weeks’ duration).
Results: Participants were predominantly male (72-88%), white or caucasian 
(85-95%) with a mean age 54-60 years. Overall, 296 patients with T2DM/
MetSyn received dalcetrapib 600 mg (n=124) or placebo (n=172); 192 with-
out T2DM/MetSyn received dalcetrapib 600 mg (n=90) or placebo (n=102) 
for 4 weeks. Mean percent changes (SE) from baseline at 4 weeks for key 
parameters are shown in the Table. Both groups showed similarly significant 
increases in HDL-C and apolipoprotein (Apo) A-I and a significant reduction 
in CETP activity. There was little or no change in LDL cholesterol (LDL-C) 
or ApoB in either patient group. Total cholesterol (TC) was significantly in-
creased in patients with T2DM/MetSyn, presumably reflecting the increase 
in HDL-C. TC was also increased in patients without T2DM/MetSyn but did 
not reach significance. There was no significant change in triglyceride level in 
either patient group.
Conclusion: Dalcetrapib 600 mg had comparable lipid efficacy in patients 
with and without T2DM and/or MetSyn.

Parameter With T2DM/
MetSyn

P (vs  
placebo)

Without T2DM/
MetSyn

P (vs 
placebo)

HDL-C +24.0 (1.5) <0.0001 +26.4 (1.8) <0.0001
ApoA-I +10.2 (1.1) <0.0001 +10.7 (1.2) <0.0001
LDL-C -2.8 (2.2) ns -2.4 (2.6) ns
ApoB +4.4 (1.5) <0.05 -3.1 (1.7) ns
ApoB:ApoA-I -4.5 (1.6) ns -11.8 (1.8) <0.0001
TC +6.6 (1.2) <0.0001 +2.7 (1.5) ns
CETP activity -11.1 (3.1) <0.0001 -10.0 (3.6) <0.0001
Triglyceride +0.42 (3.0) ns -8.2 (3.5) ns

Supported by: F. Hoffmann-La Roche Ltd

PS 118 Fatty liver
1263
Non-alcoholic fatty liver disease increases the risk of cardiovascular 
disease in Korean type 2 diabetic patients with metabolic syndrome
J.-O. Chung, D.-H. Cho, D.-J. Chung, M.-Y. Chung; 
Department of Endocrinology and Metabolism, Chonnam National 
University Medical School, Gwangju, Republic of Korea.

Background and aims: The metabolic syndrome (MS) is characterized as a 
cluster of risk factors that includes dyslipidemia, hypertension, glucose intol-
erance and central obesity. This syndrome increases the risk of cardiovascu-
lar disease. Type 2 diabetes is often associated with non-alcoholic fatty liver 
disease (NAFLD). Patient with NAFLD may be also at greater risk for CVD 
than those without NAFLD, and the relationship of NAFLD and metabolic 
syndrome is increasingly recognized. The aim of this study is to determine 
the association of NAFLD and the cardiovascular disease between type 2 dia-
betic patients with and without metabolic syndrome.
Materials and methods: Four hundred thirty type 2 diabetic patients (M: 
226, F: 204; mean age: 60.92 ± 12.43 years) were recruited. All subjects un-
derwent assessment for diabetes duration, the degree of obesity and cardio-
vascular risk factors, and measured fasting plasma glucose, fasting immu-
noreactive insulin, HbA1C, fasting plasma C-peptide, fasting free fatty acid, 
high sensitivity C-reactive protein and lipid profiles. NAFLD was assessed by 
patient history and liver ultrasound. Metabolic syndrome was defined based 
on NCEP-ATP III criteria. The previous or current coronary heart disease 
(myocardial infarction, angina, or revascularization) was assessed. The pa-
tients were categorized as four groups according to the presence of metabolic 
syndrome and NAFLD; MS (-) and NAFLD (-), MS (-) and NAFLD (+), MS 
(+) and NAFLD (-), and MS (+) and NAFLD (+).
Results: The prevalence of coronary heart disease (CHD) in type 2 diabetic 
patients with MS was higher than that in patients without MS (44.8% vs. 
31.2%, P < 0.05). The prevalence of CHD in type 2 diabetic patients with 
NAFLD was higher than that in patients without NAFLD (47.8% vs. 34.5%, 
P < 0.01). The type 2 diabetic patients with MS (-) and NAFLD (+) had the 
risk of CHD comparable to the risk of patients with MS (-) and NAFLD (-) 
(35.9% vs. 26.3%, P=0.364). However, the risk of CHD in patients with MS 
was significantly increased by the presence of NAFLD (51.6% vs. 34.1%, P = 
0.001). In type 2 diabetic patients with MS (+) and NAFLD (-), diabetes dura-
tion (r = 0.340, P < 0.001), systolic blood pressure (r = 0.197, P < 0.05), and 
diastolic hypertension (r = 0.333, P < 0.001) were positively associated with 
CHD. Apo A1 was negatively associated with CHD (r = -0.294, P = 0.001). On 
a multivariate analysis, diabetes duration was independently associated with 
CHD. In type 2 diabetic patients with MS (+) and NAFLD (+), the number 
of components of MS (r = 0.247, P < 0.001), body mass index (r = 0.153, P < 
0.05), and systolic blood pressure (r = 0.145, P < 0.05) were positively associ-
ated with CHD. HDL-cholesterol was negatively associated with CHD (r= 
-0.209, P =0.01). On a multivariate analysis, the number of components of 
MS was independently associated with CHD.
Conclusion: This study suggested that the presence of NAFLD increased the 
risk of cardiovascular disease in type 2 diabetic patients with metabolic syn-
drome, but not the presence of NAFLD in patients without metabolic syn-
drome.

1264
Glucose intolerance in non-alcoholic fatty liver disease (NAFLD) 
subjects contributes to cardiovascular risk through increased subclinical 
inflammation rather than endothelial dysfunction
E. Szymanska-Garbacz1, M. Saryusz-Wolska1, M. Jablkowski2,  
J. Bialkowska2, A. Borkowska1, A. Omulecka3, M. Pawlowski1, J. Loba1,  
L. Czupryniak1; 
1Diabetology & Metabolic Disease Dept, 2Infectious Diseases Dept, 
3Pathology Dept, Medical University of Lodz, Poland.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is asso-
ciated with insulin resistance and glucose intolerance. However, whether a 
diagnosis of NAFLD can help identify apparently healthy subjects with an 
increased cardiovascular risk is still unclear. The study aimed at assessing en-
dothelial function and subclinical inflammation in subjects with NAFLD and 
no previously known glucose intolerance or cardiovascular disease.
Materials and methods: Study group was 46 subjects (mean age 41.5±10.0 
years, BMI 30.1±8.6 kg/m2) with biopsy-confirmed NAFLD. The controls 
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were age- and gender-matched 13 healthy persons. All subjects had oral glu-
cose tolerance test (OGTT) performed. Plasma lipids, insulin resistance (adi-
ponectin, HOMA index), endothelial function (sVCAM, sICAM, sE-selectin, 
endothelin-1, thrombomodulin) and subclinical inflammation markers (IL-
6, IL-1β) were assessed in a fasting state in all subjects.
Results: NAFLD subjects had significantly lower plasma adiponectin (2990±2883 
vs 6680±4328 ng/ml, p<0.001), HDL-cholesterol (47.3±11.6 vs 59.7±14.7 mg/dl, 
p<0.001) and higher plasma triglycerides (240±222 vs 102±58 mg/dl, p<0.05), 
sVCAM (1341±833 vs 857±312 ng/ml, p<0.05), sE-selectin (60.9±32.1 vs 
30.2±20.8 ng/ml, p<0.001), and thrombomodulin (1.9±0.8 vs 1.1±0.5 ng/ml, 
p<0.001) than controls. Upon OGTT fourteen (30%) NAFLD subjects presented 
with abnormal glucose tolerance (IFG and/or IGT) and 32 had normal plasma 
glucose. NAFLD subjects with glucose intolerance were significantly more insu-
lin resistant than NAFLD persons with normal glucose levels (HOMA 4.2±2.2 
vs 2.7±1.7, p<0.05), had similar level of endothelial dysfunction, however they 
had significantly greater plasma interleukin 1β levels (25.8±15.6 vs 11.3±16.5 
pg/ml, p<0.05). No differences in subclinical inflammation markers were noted 
between NAFLD subjects with normal plasma glucose and controls.
Conclusion: In conclusion, NAFLD is generally associated with increased 
vascular risk due to prevalent endothelial dysfunction, which however is not 
related to glucose intolerance or insulin resistance. Once - whatever mild - 
glucose abnormalities have developed, they worsen vascular risk in NAFLD 
subjects by increasing subclinical inflammation.
Supported by: Medical University of Lodz

1265
Non-alcoholic and alcoholic fatty liver disease - two diseases of affluence 
associated with the metabolic syndrome and type 2 diabetes. The FIN-
D2D survey
A. Kotronen1, H. Yki-Järvinen1, S. Männistö2, L. Saarikoski2, E. Korpi-
Hyövälti3, H. Oksa4, J. Saltevo5, T. Saaristo4, J. Sundvall2, J. Tuomilehto1,  
M. Peltonen2; 
1University of Helsinki, 2National Institute for Health and Welfare, Helsinki, 
3South Ostrobothnia Central Hospital, Seinäjoki, 4Tampere University 
Hospital, 5Central Finland Central Hospital, Jyväskylä, Finland.

Background: Non-alcoholic fatty liver disease (NAFLD) is known to be asso-
ciated with the metabolic syndrome (MetS) and abnormal glucose tolerance. 
Whether alcoholic fatty liver disease (AFLD) is associated with similar meta-
bolic abnormalities has not been examined in a population-based study.
Aims: To assess the prevalences of NAFLD and AFLD, and to examine to 
what extent these conditions are associated with MetS and abnormal glucose 
tolerance.
Materials and methods: Features of insulin resistance, components of the 
MetS, glucose tolerance status by an OGTT, liver function tests (LFTs), and 
daily alcohol consumption were assessed in a population-based sample of 
2766 subjects aged 45-74 years from Central Finland.
Results: Subjects with NAFLD and AFLD were equally obese and had similar 
fasting and insulin concentrations. Alcohol consumption averaged 4±5 and 
32±21 g/day in subjects with NAFLD and AFLD. The prevalences of NAFLD 
and AFLD were 21% and 7%. Thus, of subjects with elevated LFTs, 75% had 
NAFLD. The MetS was more prevalent in AFLD (73%) than in NAFLD (70%, 
p=0.028), and type 2 diabetes was similarly prevalent in NAFLD and AFLD 
(24-25%). The MetS and type 2 diabetes were more prevalent in subjects with 
NAFLD or AFLD compared to subjects with normal LFTs (53% and 14%, 
p<0.0001 for both).
Conclusion: The prevalence of NAFLD is 3-fold higher than that of AFLD. 
The prevalences of MetS and type 2 diabetes are, however, significantly in-
creased in both NAFLD and AFLD compared to subjects with normal LFTs. 
Subjects with AFLD are thus similarly metabolically unhealthy as subjects 
with NAFLD.
Supported b:y Hospital districts of Pirkanmaa, Southern Ostrobothnia, North 
Ostrobothnia, Central Finland and Northern Savo

1266
Non-alcoholic fatty liver disease in patients with chronic plaque psoriasis
G. Targher1, P. Gisondi2, G. Zoppini1, G. Girolomoni2; 
1Endocrinology, Ospedale Civile Maggiore, 2Dermatology, Ospedale Civile 
Maggiore, University of Verona, Italy.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) and chronic 
plaque psoriasis are both associated with the metabolic syndrome and increased 
risk of incident cardiovascular disease. Although it is likely that both entities 
may coexist in a given patient, however, there is currently a lack of information 
on the association between NAFLD and psoriasis. We assessed the frequency 
and characteristics of NAFLD in patients with chronic plaque psoriasis.
Materials and methods: We recruited 130 consecutive patients with chronic 
plaque psoriasis and 260 healthy controls, who were matched for age, sex 
and body mass index. NAFLD was diagnosed by abdominal ultrasound after 
excluding other secondary causes of chronic liver disease (alcohol abuse, viral 
hepatitis, and current use of potentially hepato-toxic medications, including 
also methotrexate or tumor necrosis factor antagonists).
Results: The frequency of NAFLD was remarkably greater in psoriasis pa-
tients than in matched controls (47% vs. 28%; p<0.0001). Patients with pso-
riasis and NAFLD (n=61) were more likely to have the metabolic syndrome 
(according to the Adult Panel Treatment III definition) and had higher plas-
ma C-reactive protein levels and greater severity of psoriasis according to the 
Psoriasis Area and Severity Index (PASI) score (14.2±12.6 vs. 9.6±7.4; p<0.01) 
than those with psoriasis alone (n=69). In multivariable stepwise regression 
analysis, NAFLD was associated with higher PASI score independently of age, 
sex, BMI, psoriasis duration and daily alcohol consumption.
Conclusion: NAFLD is frequent in patients with chronic plaque psoriasis - 
affecting up to nearly half of these patients - and is strongly associated with 
the psoriasis disease severity. Early recognition of NAFLD by radiological 
imaging tests in this group of patients is warranted.

1267
Liver fat associates with postprandial triglyceride-enrichment of HDL 
particles and endothelial dysfunction in men with type 2 diabetes and 
men with the metabolic syndrome
M.E. Tushuizen1, P.G. Scheffer2, M.H. Muskiet1, R.P. Vermue2,  
C. Rustemeijer1, P.J. Pouwels3, M. Diamant1; 
1Department of Endocrinology / Diabetes Centre, 2Department of Clinical 
Chemistry, 3Department of Physics & Medical Technology, VU University 
Medical Centre, Amsterdam, Netherlands.

Background and aims: Liver fat accumulation is common in type 2 diabetes 
(T2DM), and closely related with features of the metabolic syndrome (MetS) 
and increased risk of cardiovascular disease (CVD). Liver fat associates with 
postprandial hypertriglyceridemia, thus potentially contributing to postpran-
dial triglyceride-enrichment of HDL (HDL-TG), and subsequent enhanced 
HDL particle clearance and HDL dysfunction. Low HDL cholesterol is an 
independent CVD risk factor and also a feature of the MetS.
Materials and methods: We assessed postprandial HDL composition changes 
and their association with liver fat and endothelial function, before and follow-
ing 3 consecutive meals, given as breakfast (t=0h), lunch (t=4h) and diner (t=8h) 
during a 16h period in 12 men with uncomplicated T2DM (mean±SE: age 55±1 
yrs; BMI 32±1 kg/m2; HbA1c 7.2±0.3%), 12 normoglycemic men with the MetS, 
and 12 age-matched controls. Blood sampling was performed before each meal, 
and 12h and 16h after breakfast. Flow-mediated dilation (FMD) of the brachial 
artery was measured by ultrasound before each blood collection. After ultracen-
trifugation, TG, cholesterol, and protein content were determined in HDL. Liver 
fat content was measured by proton magnetic resonance-spectroscopy.
Results: Plasma TG increased significantly after the meals (P<0.001 in all 
groups compared to baseline), and remained elevated after diner in T2DM 
and MetS men only. Fasting HDL-TG was highest in T2DM, relative to MetS 
and controls (147.5±16, 108.3±13, 78.3±8 nmol/g, respectively; P=0.002), and 
increased postprandially in all groups (P<0.001). FMD correlated inversely 
with HDL-TG, especially after diner (r=-0.57, P<0.001). Liver fat content was 
highest in T2DM compared to MetS and controls (24±6, 11±3, 7±2%, P<0.02, 
respectively) and associated with HDL-TG-content after 3 meals (r=0.64, 
P<0.001), after adjustment for age, metabolic state, TG and waist.
Conclusion: We conclude that in men with T2DM and the MetS, who had 
the highest liver fat content, exposure to 3 consecutive meals produced exag-
gerated HDL-TG enrichment, which was closely associated with endothelial 
dysfunction.
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1268
ER stress contributes to apoptosis induced by elevated fatty acids in 
HepG2 liver cells
X. Gu1, K. Li1, X. Li1, R. Fan1, R.D. Laybutt2, H.-L. Zhao1, J.C. Chan1, G. Xu1; 
1Medicine and Therapeutics, The Chinese University of Hong Kong, China, 
2Diabetes and Obesity Research Program, Garvan Institute of Medical 
Research, Sydney, Australia.

Background and aims: Chronic elevation in plasma free fatty acid (FFA) lev-
els is commonly associated with impaired insulin-mediated glucose uptake, 
and often coexists with obesity and type 2 diabetes. Studies have shown that 
obesity causes endoplasmic reticulum (ER) stress and, in turn, insulin resist-
ance in liver cells. In this study, we aimed to examine the effects of FFAs on 
ER stress and apoptosis in the human liver HepG2 cell line and to investigate 
whether attenuation of ER stress could protect HepG2 cells from FFA-in-
duced apoptosis.
Materials and methods: Human liver carcinoma HepG2 cells were exposed 
to varying concentrations of Sodium Palmitate (saturated fatty acid, NaPa) 
or Sodium Oleate (unsaturated fatty acid, NaOl) for 24 h and MTT assay 
was conducted to measure cell viability. Apoptosis was analyzed with flow 
cytometry using Annexin V surface staining and PI staining. ER homeosta-
sis of HepG2 cells was monitored over a time course of fatty acid treatment 
using markers of the ER stress response pathway, including GRP78/Bip and 
phosphorylation of eIF2α by Western Blot. Other markers of the ER stress re-
sponse pathway, including IRE1α, CHOP and Bip were measured by real time 
RT-PCR. An expression plasmid encoding for the ER chaperone Bip (pBip) 
was transfected into HepG2 cells to attenuate ER stress. Small interfering 
RNA siCHOP was used to knockdown the expression of CHOP in HepG2. 
ER stress related markers, as well as apoptosis-related markers (Bax, Bcl-2 
and cleaved caspase 3) were measured by Western Blotting.
Results: The saturated fatty acid NaPa led to cytotoxicity in HepG2 cells in a 
dose-dependent pattern; NaPa induced significant apoptosis in HepG2 cells 
as measured with cell cytometry. In contrast, the unsaturated fatty acid NaOl 
was not cytotoxic to HepG2 cells. Incubation of HepG2 cells with NaPa (0.45 
mM) was associated with the induction of ER stress as indicated by increased 
phosphorylation of eIF2α, as well as upregulation of IRE1α and CHOP. Bip 
expression levels were slightly down regulated 6 h after NaPa (0.45mM) treat-
ment. In contrast, NaOl did not induce ER stress in HepG2 cells. Overex-
pression of Bip attenuated NaPa-induced ER stress and led to a significant 
reduction in NaPa-mediated apoptosis, indicating a requirement of ER stress 
for lipotoxicity in liver cells. However, siRNA-mediated reduction of CHOP 
did not protect against NaPa-induced apoptosis.
Conclusion: These data demonstrate that the saturated fatty acid, palmitate 
induces ER stress and apoptosis in HepG2 cells, whereas the unsaturated fatty 
acid, oleate, does not. The data indicate that while ER stress makes a neces-
sary contribution to palmitate cytotoxicity, inhibition of CHOP alone is not 
sufficient to prevent palmitate-induced apoptosis.

1269
Abnormal hepatic energy homeostasis in type 2 diabetes
J.M. Szendroedi1, M. Chmelik2,3, A.I. Schmid4,5, P. Nowotny1,6, A. Brehm7, 
M. Krssak8, E. Moser9, M. Roden1; 
1German Diabetes Center, Düsseldorf, Germany, 2Karl-Landsteiner 
Institute for Endocrinology and Metabolism, Vienna, Austria, 3MR Center 
of Excellence, Medical University of Vienna, Austria, 4Karl Landsteiner 
Institute for Endocrinology and Metabolism, Vienna, Austria, 5MR 
Center of Excellence, Medical University of Vienna, Austria, 6Dept. of 
Internal Medicine 3, Medical University of Vienna, Austria, 7First Medical 
Department, Hanusch Hospital, Vienna, Austria, 8Department of Radiology, 
Medical University of Vienna, Austria, 9Center for Biomedical Engineering 
and Physics, Medical University of Vienna, Austria.

Background and aims: Increased hepatocellular lipids relate to insulin resist-
ance and are typical for type 2 diabetic patients (T2DM). Steatosis and T2DM 
have been further associated with impaired muscular ATP turnover indicat-
ing reduced mitochondrial fitness. Thus, we tested the hypothesis that hepatic 
energy metabolism could be impaired even in metabolically well controlled 
T2DM.
Materials and methods: We measured hepatic lipid volume fraction (HLVF) 
and absolute concentrations of γATP, inorganic phosphate (Pi), phosphomo-
no- and diesters (PME, PDE) using noninvasive 1H/31P magnetic resonance 
spectroscopy in T2DM (58±6 years, 27±3 kg/m2), age- and BMI-matched 

(mCON, 61±4 years, 26±4 kg/m2) and young lean humans (yCON, 25±3 
years, 22±2 kg/m2, p<0.005, p<0.05 vs. T2DM and mCON). Insulin-medi-
ated whole body glucose disposal (M) and endogenous glucose production 
(iEGP) were assessed during euglycemic-hyperinsulinemic clamps.
Results: T2DM had 26% and 23% lower γATP (1.68±0.11; 2.26±0.20; 
2.20±0.09 mmol.L-1; p<0.05). Further they had 28% and 31% lower Pi than 
mCON and yCON (0.96±0.06; 1.33±0.13; 1.41±0.07 mmol.L-1; p<0.05). PME, 
PDE and liver transaminases did not differ between groups. HLVF was not 
different between T2DM and mCON, but higher (p=0.002) than in yCON. 
T2DM had 13-fold higher iEGP than mCON (p<0.05). Even after adjustment 
for HLVF, hepatic ATP and Pi related negatively to hepatic insulin sensitivity 
(iEGP) (r=-0.665, p=0.010, r=-0.680, p=0.007) but not to whole body insulin 
sensitivity.
Conclusion: These data suggest that impaired hepatic energy metabolism 
and insulin resistance could precede the development of steatosis in T2DM.
Supported by: Austrian Science Foundation, Austrian National Bank, EFSD/
GSK
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Preβ and αHDL kinetics measured by a stable isotopic and two step 
electrophoresis technique
X. Li, M. Stolinski, N. Jackson, M. Umpleby; 
Diabetes and Endocrinology, University of Surrey, Guildford, United 
Kingdom.

Background and aims: Apolipoprotein A-I (apoA-I), the main apolipopro-
tein of HDL is mainly secreted by the liver. Once secreted, apoA-I acquires 
lipid to form nascent discoidal preβHDL which are converted into spherical 
αHDL particles by gaining lipid. Current understanding of HDL metabolism 
is limited due to technical difficulties in measuring the kinetics of HDL sub-
classes. Traditionally, HDL is separated by ultracentrifugation (1.063<d<1.21 
g/ml), however, this process may damage the integrity of certain HDL par-
ticles leading to the dissociation of apoA-I. The aim of this study was to de-
velop a method to separate and measure the kinetics of preβHDL and αHDL 
apoA-I following isotopic labelling techniques.
Materials and methods: Following an overnight fast, four healthy subjects 
(3F+1M) undertook a 9 hour primed-constant infusion of 1-13C-leucine with 
blood samples taken hourly. A novel two-step electrophoresis technique was 
developed and optimised to isolate apoA-I from αHDL and preβHDL sub-
classes. Briefly, preβHDL and αHDL in plasma were separated by agarose gel 
electrophoresis. The separated subclasses were then quantitatively isolated 
from the agarose and the apoA-I from each subclass isolated by SDS-PAGE. 
HDL2 and HDL3 subclasses from the same plasma samples were isolated by 
sequential ultracentrifugation and apoA-I separated by SDS-PAGE. ApoA-I 
bands were excised and hydrolyzed with 6M HCl. Amino acids were purified 
by cation exchange chromatography and derivatised for GC-MS. The isotopic 
enrichment of 13C-leucine in apoA-I was measured by GC-MS in negative 
chemical ionisation (NCI) mode.
Results: For the four subjects, mean plasma cholesterol was 4.28 (SEM 0.23) 
mmol/L, triglyceride 0.62 (0.04) mmol/L, HDL cholesterol 1.17 (0.13) mmol/
L and total plasma apoA-I was 1.43 (0.1) mg/ml. The fractional clearance rate 
(FCR) of preβHDL apoA-I was significantly higher than that of αHDL, 0.190 
(0.022) vs 0.152 (0.017) pools/day respectively (P=0.039). There was also a 
significant difference between HDL2 and HDL3 FCR, 0.162 (0.018) vs 0.144 
(0.017) pools/day respectively (P=0.003). There was no significant difference 
in HDL2 and HDL3 production rate (PR); 4.069 (0.610) vs 2.838 (0.374) mg/
kg/day respectively.
Conclusion: This is the first time that αHDL and preβHDL have been sepa-
rated and the kinetics measured using this technique. The results indicate 
αHDL and preβHDL kinetics can be measured by this methodology and that 
this technique is sensitive enough to measure significant differences in the ki-
netics of HDL2 and HDL3 particles. This methodology can be used to meas-
ure HDL subclass kinetics in type 2 diabetes and metabolic syndrome.

1271
Apolipoprotein C-I concentration is increased in type 2 diabetes
B. Bouillet1, J.P. Pais de Barros2, L. Lagrost2, L. Duvillard2, J.M. Petit1,2,  
A. Poussier1, M.C. Brindisi1, B. Vergès1,2; 
1Service Endocrinologie,Diabetologie et Maladies métaboliques, Centre 
Hospitalier Universitaire de Dijon, 2Inserm CRI 866, Dijon, France.

Background and aims: Apolipoprotein C-I (ApoC-I) is bound to Very Low 
Density Lipoproteins (VLDL) and High Density Lipoproteins (HDL). ApoC-
I has been shown in animal models to inhibit Lipoprotein Lipase and to pro-
mote VLDL production. Mice overexpressing human ApoC-I, present mod-
erate hypercholesterolemia and hypertriglyceridemia. Furthermore, ApoC-I 
has also been shown to promote inflammation and atherosclerosis. So far, 
ApoC-I has never been studied in type 2 diabetes (DT2). This prompted us to 
study ApoC-I in patients with type 2 diabetes.
Materials and methods: ApoC1 concentration was measured by a specific 
immunoassay (ELISA) in total plasma in 30 patients with type 2 diabetes and 
in 32 normolipidemic controls. Moreover the distribution of ApoC-I among 
lipoproteins has been studied by direct measurement of ApoC-I in the HDL 
fraction and determination of VLDL-ApoC-I by the difference between total 
Apo C-I and HDL-ApoC-I. 

Results: Plasma total ApoC-I (112.8 ± 36.3 vs 89.3 ± 29.0 mg/L, p=0.007) 
and VLDL-ApoC-I (40.7 ± 25.3 vs 23.4 ±14.3 mg/L, p=0.002) levels were 
significantly higher in DT2 patients. HDL-Apo C-I level (72.1 ± 21 vs 64.9 
± 19.1 mg/L, p=0.179) was also increased in the DT2 group but not signifi-
cantly. In the control group, ApoC-I was mainly bound to HDL (74.2%). In 
patients with DT2, ApoC-I was significantly less bound to HDL (65.9% vs 
74.2%, p=0.014) and more bound to VLDL (34.1% vs 24.9%, p=0.007). In 
unvaried analysis, total-ApoC-I was positively correlated with total choles-
terol (p=0.001), LDL-C (p=0.022), triglycerides (TG) (p<0.0001), fasting gly-
caemia (p=0.015), BMI (p=0.001). In multivariate analysis, total-ApoC-I was 
correlated with TG (p<0.0001) and LDL-C (p=0.0248), but not with HDL-C, 
age, BMI, sex, fasting glycemia.
Conclusion: ApoC-I concentration in plasma is increased in type 2 diabetic 
patients. This rise is mainly due to an increase in VLDL-Apo C-I. Apo C-
I level is independently associated with triglycerides and LDL, suggesting 
important cross-links between ApoC-I and lipoprotein metabolism. Fur-
ther studies are needed to evaluate the consequences of the increase of total 
ApoC-I and VLDL-ApoC-I on lipoprotein metabolism and the vascular wall, 
in type 2 diabetes. 

1272
Isosteviol elevates plasma HDL-cholesterol level - a potential new drug 
for the treatment of coronary heart disease
P.B. Jeppesen, X. Chen, Z. Liu, K. Hermansen; 
Dept. of Endocrinology and Metabolism C, Aarhus University Hospital, 
Aarhus Sygehus THG, Denmark.

Background and aims: The risk of coronary heart disease (CHD) is increased 
2-4 times in type 2 diabetes (T2DM). With the epidemic growth in T2DM in 
recent years CHD is becoming a global problem of great importance. The 
last 20 years have witnessed dramatic reductions in cardiovascular risk using 
statins to lower LDL-Cholesterol. Epidemiological studies have identified low 
levels of HDL-Cholesterol, a common feature of T2DM, to be an independent 
determinant of CHD. In preliminary studies with isosteviol (ISV), a diter-
pene glycoside with proven anti-diabetic and anti-hypertensive capabilities, 
we found indications that it may possess beneficial effects on lipid levels. The 
aims of the study is to investigate the impact of ISV on the lipid profile of fat 
fed hyperlipidaemic Wistar rats.
Materials and methods: 44 normal wistar rats at the age of 6 weeks and a 
bodyweight of about 230 g were studied. Rats were randomized to 4 groups, 
with 11 in each. Group 1 and 2 were fed with standard chow diet ± ISV (0.03 
g/kg/day). Group 3 and 4 were fed with a high cholesterol containing diet 
(1.63 % g cholesterol, 0.41 % g Cholic acid, 16.3 % g sunflower oil) ± ISV 
(0.03 g/kg/day). ISV had a purity of 99.4 %. The treatment period was 20 
weeks. The fasting total plasma cholesterol level and the HDL-cholesterol 
were measured by an enzymatic colorimetric test, the “cholesterol CHOD - 
PAP” method, using commercially available test kits. For statistical analysis 
were used student t-tests and two way ANOVA-tests.
Results: The plasma HDL-cholesterol level increased by 9% for group 1 ( - 
ISV) (Δ 0.13 ± 0.04 (SEM) mmol/l; p<0.004), and by 14% for group 2 ( + ISV) 
(Δ -0.17 ± 0.04 (SEM) mmol/l; p<0.002) from start to end of the study. The 
fasting total plasma cholesterol level increased by 29% for group 1 ( -ISV) 
(Δ 0.39 ± 0.06 (SEM) mmol/l; p<0.0001) and increased by 4% for group 2 ( 
+ ISV) (Δ 0.07 ± 0.06 mmol/l; p<0.267). The plasma HDL-cholesterol level 
increased by 42% in group 3 ( - ISV) (Δ 0.49 ± 0.15 (SEM) mmol/l; p<0.011), 
and by 88% in group 4 ( + ISV) (Δ 1.11 ± 0.26 (SEM) mmol/l; p<0.002). The 
fasting total plasma cholesterol level increased by 145% in group 3 ( - ISV) (Δ 
2.2 ± 0.14 (SEM) mmol/l; p<0.0001), and by 175% in group 4 (+ ISV) (Δ 2.77 
± 0.38 mmol/l; p<0.0001). No deaths were observed for group 2 and 4 being 
treated with ISV, whereas two deaths occurred in group 3 on high fat diet and 
no ISV. The body weight was reduced by 16% during the 20 weeks for group 2 
(chow diet + ISV) compared to group 1, (chow diet control).
Conclusion: ISV in addition to anti-hyperglycaemic and blood pressure low-
ering effects also seems to possess a putative role as HDL-Cholesterol en-
hancer with the potential to effectively counteract the CHD risk.
Supported by: Aarhus University, Technology Transfer Office, Aarhus C, Den-
mark
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Association of ApoB and ApoA1 with the insulinaemic status in 
prediabetic subjects
M.G. Kabir1, R.M. Mazumdar1,2, S. Mohajan1,2, I. Khan2, Z. Hassan2, L. Ali3; 
1Biochemistry & Molecular Biology, University of Chittagong, 2Dept of 
Physiology and Molecular Biology, BIRDEM, Dhaka, 3Dept of Biochemistry 
and Cell Biology, BIRDEM, Dhaka, Bangladesh.

Background and aims: Investigation of covariates of insulin resistance and 
secretory defect can be an important tool to get more insight on the interplay 
of genetic and environmental risk factors in the development of the diabetic 
state and its complications. The present study was aimed to explore the causal 
association of the atherosclerotic apolipoproteins (ApoB and ApoA1) and 
their ratio in the basic defects of pancreatic B cell dysfunction and insulin 
resistance in prediabetes (IGT and IFG together) and T2DM.
Materials and methods: Following standardized selection process a total 
number of 131 subjects consisting of 18 IFG, 56 IGT and 57 T2DM subjects 
were purposively recruited. Fifty-nine healthy subjects served as control. 
Glucose was estimated by glucose-oxidase, lipids by enzymatic colorimetric, 
insulin by enzyme linked immunosorbent assay (ELISA). Serum ApoB and 
ApoA1 were estimated by immuno-nephelometric method.
Results: Absolute insulin (μIU) level in IGT and T2DM groups was sig-
nificantly higher compared to the controls (p<0.001-0.001). HOMA%B 
(mean±SD) was significantly lower in T2DM groups (p<0.001) and higher in 
IGT (p=0.008) compared to the controls although it is significantly lower in 
IFG (p=0.001). HOMA%S was significantly lower in IGT and T2DM group 
(p=0.001 and 0.002 respectively), but did not show any significant difference 
in IFG. Triglyceride level was significantly higher in all three groups (p=0.044 
-<0.001) and total cholesterol only in T2DM group (p=0.001). Mean (±SD) 
ApoA1 value was 0.97±0.25, 1.05±0.27, 1.05±0.25 and 1.08±0.26 in the Con-
trol, IFG, IGT and T2DM groups respectively. Mean (±SD) ApoB value was 
0.82±0.19, 0.91±0.34, 0.92±0.26 and 1.04±0.29 respectively. ApoA1 was sig-
nificantly higher only in the T2DM group and ApoB was higher in IGT and 
T2DM group (p=0.026-<0.001). Neither ApoB nor ApoA1 showed any signif-
icant difference in the IFG group as compared to control. ApoB-ApoA1 ratio 
did not show significant difference among the groups. Correlation analyses 
revealed significant positive correlation for ApoB with both fasting and post-
prandial glucose in T2DM (p=0.006 and 0.040 respectively). In IGT group 
ApoB was positively correlated with absolute insulin (r=0.314, p=0.025) and 
HOMA%B (r=0.277, p=0.049) and negatively with HOMA%S (r=-0.312, 
p=0.026). In T2DM ApoB was negatively correlated with HOMA%B (r= -
0.318, p=0.017). ApoB-ApoA1 ratio showed similar pattern of that of ApoB 
alone.
Conclusion: ApoB, but not ApoA1 or ApoB-ApoA1 ratio, seem to have a 
causal association with insulin resistance and elevation of ApoB is also mod-
ulated by obesity and atherogenic lipids. Since insulin resistance is a substan-
tially modifiable factor through life style adjustment, the association of the 
atherogenic apolipoproteins with this defect can have a great public health 
consequence.
Supported by: Bangladesh Diabetic Somity (BADAS), Bangladesh and Interna-
tional Program in the Chemical Sciences (IPICS), Uppsala, Sweden

1274
Genetic determinants of atherogenic dyslipidaemia in patients with type 
2 diabetes mellitus
A.A. Bystrova1, A.N. Voitovich2, E.I. Krasilnikova1, V.I. Larionova2; 
1St.Petersburg State Medical University n.a.acad.I.P.Pavlov, 2St.Petersburg 
State Pediatric Medical Academy, Saint-Petersburg, Russian Federation.

Background and aims: Elevated triglycerides (TG) and reduced high-den-
sity lipoprotein cholesterol (HDL-cholesterol) levels are the main features of 
atherogenic dyslipidemia, which contributes to increased cardiovascular risk 
in patients with type 2 diabetes mellitus. The apolipoprotein A1 (apoA1) and 
A5 (apoA5) genes have been shown to play an important role in determina-
tion of plasma TG and HDL-cholesterol concentrations, but little is known 
whether polymorphic variants of these genes influence lipid disorders in type 
2 diabetic patients. The aim of our study was to evaluate if there is an as-
sociation between apoA1 and apoA5 gene polymorphisms and atherogenic 
dyslipidemia in patients with type 2 diabetes mellitus.
Materials and methods: We examined 225 patients with type 2 diabetes mel-
litus (161 females and 64 males, mean age 57±0,4 years), not taking lipid-
lowering drugs. Serum lipids were evaluated by enzymatic method. G-75A 

and C83T apoA1, S19W and -1131T>C apoA5 gene polymorphisms were 
identified by polymerase chain reaction - restriction fragment length poly-
morphism method
Results: Atherogenic dyslipidemia was revealed in 115 patients (51,1%), 110 
patients (48,9%) had normolipidemia (controls). The apoA5 S19W geno-
types frequency was significantly higher in male patients with hypertriglyc-
eridemia (TG above the 90th percentile for age and sex) than in patients with 
normolipidemia (p=0,032) and in female patients who had hypertriglyceri-
demia with low HDL-cholesterol level (HDL-cholesterol below the 10th per-
centile for age and sex) than in controls (p=0,013). The frequency of apoA1 
genotypes with -75A allele was significantly higher in female patients who 
had hypertriglyceridemia with low HDL-cholesterol than in control patients 
(p=0,016). There was not significant difference in distribution of C83T apoA1 
and -1131T>C apoA5 allele and genotype frequencies between patients with 
dyslipidemia and controls.
Conclusion: Our findings reveal an association between apoA1 and apoA5 
gene variants and atherogenic dyslipidemia in patients with type 2 diabetes 
mellitus.

1275
Apoprotein A5 protects from atherosclerosis in mice
M. Merkel1, D. Teupser2, P. Gords3, D. Müller-Wieland1, J. Heeren4; 
11. Dep. of Internal Medicine, Asklepios Klinik St. Georg, Hamburg, 
Germany, 2Clinical Chemistry and Molecular Diagnostics, Institute of 
Laboratory Medicine, Leipzig, Germany, 3Katholieke Universiteit Leuven, 
Netherlands, 4Institute for Molecular Cell Biology, Hamburg, Germany.

Background and aims: Apoprotein A5 (apoA5) is a regulator of plasma 
triglycerides (TG) in patients with and without diabetes. Transgenic mice 
(apoA5tr) had decreased, and knock out mice 4fold increased TG. Based 
on human data it has been proposed that apoA5 may reduce coronary heart 
disease. In this study, a possible anti-atherogenic effect of apoA5 was investi-
gated in different animal models.
Materials and methods: The apoA5tr was bred both onto the FVB-apoE 
deficient (apoEKO) background and on the FVB-LDL-receptor deficient 
(LDLRKO) backgrounds. At 22 - 26 weeks, lipoprotein profiles of individual 
mice were measured, and hearts and aortas were removed for quantification 
of atherosclerosis.
Results: ApoA5 was able to reduce atherosclerosis in both the apoEKO and 
the LDLRKO animal models by more than 50%. This finding was confirmed 
by en face preparation of whole aortas. In apoEKO mice, apoA5 dramatically 
reduced plasma VLDL TG by more than 70% in both genders. Here, lesion 
size correlated best with VLDL TG. Lipoprotein profile changes were lass 
pronounced on the LDLRKO background. As in wild type animals, turnover 
studies with different lipoprotein labels using apoE deficient VLDL showed 
a faster plasma TG and lipoprotein particle turnover. However, liver lipopro-
tein uptake was not significantly affected by apoA5. To explore the function 
of apoA5 for receptor mediated endocytosis at the cellular level, uptake of 
radiolabeled remnants in primary hepatocytes from WT and apoA5tr mice 
was measured. Here, preliminary data do not reveal significant differences.
Conclusion: It is concluded, that apoA5 is strongly atheroprotective in mice 
independent from the mouse model used.
Supported by: the German Research Foundation (MM/JH)

1276
Comparison of efficacy of pitavastatin and colestimide in Japanese 
patients with diabetes mellitus complicated by hyperlipidaemia and 
metabolic syndrome
M. Itoh1, T. Kato2, Y. Sawai2, K. Inagaki2, H. Kanayama2, N. Katada2; 
1Division of Endocrinology & Metabolism, Fujita Health University, School 
of Medicine, Toyoake, 2Internal Medicine, Aichi Koseiren Toyotakousei 
Hospital, Toyota, Japan.

Background and aims: Metabolic syndrome refers to a syndrome in which 
risk factors for atheroclerosis such as hyperglycemia, insulin resistance, hy-
perlipidemia, hypertension, and other conditions have accumulated, and is 
associated with a very high risk of triggering of atherosclerosis. Hyper-LDL-
cholesterolemia is known to be a strong risk factor for coronary artery dis-
ease independent of metabolic syndrome. Anion exchange resin preparations 
have recently been attracting close attention because they exert hypoglycemic 
effects in addition to lipid profile-improving effects. The present study was 
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undertaken to evaluate the effects of pitavastatin and colestimide (a drug 
stimulating bile acid excretion) in patients with diabetes mellitus complicated 
by hyperlipidemia and metabolic syndrome.
Materials and methods: Forty-eight Japanese patients with diabetes melli-
tus complicated by hyperlipidemia and metabolic syndrome were randomly 
assigned to either a 24-week pitavastatin (1.0mg/day) treatment group or a 
colestimide (3.0g/day) treatment group. There were no significant differences 
between the two groups in demographic parameters, blood glucose level, 
lipid profiles, oral drugs used, or other test data at baseline. Over the 24-
week period of administration, systolic and diastolic blood pressure, BMI, 
triglyceride(TG), HDL- and LDL-cholesterol, AST, ALT, plasma glucose, 
HbA1c, IRI, and high sensitivity CRP were measured. Postprandial glucose 
levels were evaluated after 120 min in the 75gOGTT. Pulse wave velocity 
(PWV) were measured with an automatic electronic sphygmomanometer.
Results: Treatment with pitavastatin significantly reduced LDL-C and TG, 
while that with colestimide significantly reduced waist circumference, BMI, 
LDL-C, HbA1c, FPG, PPG, and HOMA-R. Furthermore, hs-CRP also exhib-
ited significant reduction with colestimide treatment (586.3 ± 352.9 vs 1016.0 
± 1063.2 μg/dl, p<0.05). Percent improvement in LDL-C was significantly 
greater in the pitavastatin group than in the colestimide group. Compared to 
the pitavastatin group, the colestimide group exhibited significantly greater 
improvement in mean change of HbA1c (-9.0 vs 0.3%, p<0.001), FPG (-9.7 
vs 1.3%, p<0.01), PPG (-15.2 vs 5.4%, p<0.05), HOMA-R (-19.3 vs 24.0%, 
p<0.05), IRI (-11.7 vs 19.4%, p<0.05), and BMI (-4.3 vs 1.0%, p<0.01).
Conclusion: Colestimide appeared to be useful in the management of Jap-
anese patients with diabetes mellitus complicated by metabolic syndrome, 
since it alleviates obesity and insulin resistance in addition to exhibiting lipid 
profile-improving effects, and can thus improve markers of atherosclerosis.

1277
High fat diet and chronic ethanol consumption impair the expression of 
key molecules in AMP activated protein kinase pathway in rat cardiac 
muscle
W. Xin, B. Cui, X. Lv, J. Zhang, X. Hou, L. Gao; 
Scientific Centre, Provincial Hospital affiliated to Shandong University, 
Jinan, China.

Background and aims: Our previous work has shown that chronic ethanol 
consumption impairs the mRNA expression of key factors of insulin-depend-
ent pathway, for example, IR, IRS, GLUT4 etc. in the cardiac muscle in rats. 
Also long-term moderate ethanol consumption reversed the adverse effects 
of saturated fatty acid on GLUT4 expression in adipose tissues of rats. In the 
present study, we investigated the combined effects of saturated fatty acid and 
ethanol on several signal molecules in AMP activated protein kinase(AMPK) 
pathway in the cardiac muscle in rats, and thus probe into the possible mech-
anism of these effects on the glucose metabolism in the cardiac muscle.
Materials and methods: Forty-eight male Wistar rats, randomly divided into four 
groups: normal diet control group (C), high fat diet group (HF), ethanol group 
(E) and high fat diet plus ethanol group (HF+E). The HF diet consisted of 59 % 
fat from lard (a representative food full of saturated fatty acid in China) whereas 
the normal diet contained 10% fat, and the edible ethanol dosage was 5 g·kg-1·d-
1. After treatment for 22 weeks, all animals were sacrificed and the left ventricles 
were quickly removed and saved for later analysis. The mRNA and protein levels 
were determined by RT-PCR and western blotting method respectively.
Results: Compared with the control group, all mRNA and protein expression 
of the selected signal molecules were decreased in treatment groups. The data 
are as follows in table 1.
 
Table 1. The expression decreases of signal molecules compared to group C

group E group HF group HF+E
mRNA AMPK α1 49.50 % * 41.06 % ** 33.70 %

AMPK α2 34.50 % * 21.29 % ** 15.99 %
MEF2A 57.68 % * 15.61 % 26.14 % **
MEF2D 35.79 % ** 20.32 % 35.81 % **
GLUT4 41.00 % * 8.27 % 18.92 %

protein AMPK α 37.72 % 36.59 % 41.74 % **
P-AMPK α 33.91 % 11.58 % 15.31 % **
MEF2 21.27 % ** 29.82 % ** 23.71 % **
GLUT4 33.28 % * 18.50 % 30.42 % **

* P < 0. 01 , ** P < 0. 05

Either ethanol alone intaking (group E) or high fat diet alone (Group HF) 
significantly decreased the expression levels of key signal molecules in the 
AMPK/MEF2 pathway, while in group HF+E, the mRNA decreases in both 
AMPK α1 and AMPK α2 subunits were not so remarkable. The protein ex-
pression of key signal molecules in the AMPK/MEF2 pathway was corre-
spondingly reduced compared to group C. However, the P-AMPKα activity 
level in group HF+E showed an obvious reversion relative to the impairment 
in group E. This is consistent with our former reports in adipose tissues and 
the study of Fisher H, that is, the moderate saturated fatty acid can partly 
neutralize the effect of ethanol to AMPK expression.
Conclusion: High fat diet and chronic ethanol consumption impair the ex-
pression of key molecules in AMPK pathway. Moderate saturated fatty acid 
plus chronic ethanol intaking presents, at least at a certain extent, a benefit 
effect on AMPK expression in rat cardiac muscle.
Supported by: National Natural Science Foundation of China

1278
High FFA-induced proliferation and apoptosis in human umbilical vein 
endothelial cell partly through Wnt/β-catenin signal pathway
T. You, G. Chen; 
Fu jian Provincial Hospital, Fujian Medical University, Fuzhou, China.

Background and aims: Free fatty acids (FFA)-induced proliferation and ap-
optosis was studied in human umbilical vein endothelial cells (HUVECs).
Materials and methods: A recombinant adenovirus containing a RNAi cas-
sette targeting the GSK-3β gene was produced and its silencing effect on GSK-
3β gene was detected by Western blot analysis and immunohistochemistry 
assay in HUVECs. The effect of the RNAi on the protein level of β-catenin 
was explored by transfecting the RNAi adenovirus to inhibit the expression of 
GSK-3β protein. The subsequent effect on the Wnt/GSK-3β/β-catenin signal 
pathway and on proliferation and apoptosis of HUVECs cultured with FFAs, 
was analyzed by BrdU assay ,Annexin V-FITC /PI Apoptosis Detection Kit 
, and 4’,6-diamidino-2- phenylindole(DAPI) in order to explore the possible 
connection between the signaling pathway and FFA-induced proliferation 
and apoptosis.
Results: The Western blot results showed that the expression of GSK-3β pro-
tein in HUVECs could be inhibited efficiently by the RNAi adenovirus, and 
that the protein level of β-catenin was increased by RNAi adenovirus trans-
fection. The results of the BrdU assay suggested that knockdown of GSK-
3β with the RNAi adenovirus may stimulate the proliferation of HUVECs. 
Apoptosis was observed in HUVECs exposed to FFAs (0.75 mmol/L) for 72 
h, and this effect could be partly reversed when interfering with the RNAi 
adenovirus.
Conclusion: It may be concluded that the RNAi adenovirus specific to GSK-
3β may partly protect HUVECs from apoptosis induced by FFAs. Up-regu-
lation of the Wnt/β-catenin signal pathway can partly reverse FFA-induced 
apoptosis in HUVECs.
Supported by: a Grant for natural science foundation from Fujian province

1279
Adiponectin is an independent predictor of apolipoprotein B/A1 ratio in 
different grades of glucose intolerance
J. Roh1, J. Park1, M. Cho1, Y. Lee1, J. Nam1, J. Nam2, C. Ahn1, B. Cha1, E. Lee1, 
S. Lim1, K. Kim1, H. Lee1; 
1Internal Medicine, Yonsei University College of Medicine, Seoul, 2Internal 
Medicine, National Health Insurance Corporation Ilsan Hospital, Goyang, 
Republic of Korea.

Background and aims: Recent studies have reported that Apolipoprotein B/
A1 ratio is a better predictor of atherosclerotic vascular disease compared to 
LDL-C. The aim of this study was to assess the association of serum Apolipo-
protein B/A1 ratio with insulin resistance and PWV in patients with different 
grades of glucose intolerance
Materials and methods: According to glucose tolerance, NGT without 
metabolic syndrome group (N=229), IFG group (subjects with fasting 
plasma glucose level of between 100-125 mg/Dl, N=658), type 2 diabetes 
group(N=381) were divided. To minimize the possible confounding effects 
of glucose-lowering pharmacological treatment, included diabetic patients 
were not treated with insulin or thiozolidinedione, and taking lipid lowering 
medication(fibrate or statin) were excluded. BMI, WC, and serum concen-
tration of apolipoprotein B, apolipoprotein A1, glucose, lipids (triglycerides, 
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LDL cholesterol, HDL cholesterol, and total cholesterol) were measured. In-
sulin resistance was estimated by the insulin resistance index of homeostasis 
model assessment (HOMA-IR) & serum adiponectin. PWV was evaluated to 
assess arterial stiffness
Results: The subjects were divided 3 groups according to glucose 
tolerance(NGT, IFG and T2DM group), there were significant differences 
in metabolic parameters among the groups, and WC, insulin, adiponectin, 
HOMA-IR, aortic and peripheral PWV, Apo B/A1 ratio which increased se-
quentially with glucose intolerance. Apo B/A1 ratio significantly correlated 
with total cholesterol (NGT,IFG,T2DM: γ=0.33, γ=0.21, γ=0.38, all P<0.01), 
TG (γ=0.28, γ=0.22, γ=0.29, all P<0.01), LDL-C (γ=0.47, γ=0.29, γ=0.39, all 
P<0.01), HDL-C (γ= -0.46, γ= -0.28, γ= -0.34, all P<0.01), adiponectin (γ= 
-0.35, γ= -0.28, γ= -0.21, all P<0.01), HOMA-IR (γ=0.20, γ=0.09, γ=0.08 , all 
P<0.05). Multple regression analysis showed that Apo B/A1 ratio was signifi-
cantly associated with total cholesterol (β=0.50, β=0.18, β=0.27, all P<0.01), 
LDL-C (β=0.44, β=0.22, β=0.18, all P<0.01), HDL-C (β= -0.59 β= -0.32, β= 
-0.29, all P<0.01), and adiponectin (β= -0.11, β= -0.09, β= -0.13, all P<0.05)
Conclusion: The apo B/A1 ratio is significantly associated with insulin resist-
ance according to glucose intolerance and serum adiponectin is an important 
independent factor associated with Apo B/A1 ratio in Koreans.
Supported by: the Seoul R&BD Program, Korea (10526)

1280
High prevalence of persistent lipid abnormalities in statin treated 
patients with sedentary lifestyle in Europe and Canada: results of the 
Dyslipidemia International Study
A.K. Gitt1, J.-R. Gonzalez-Juanetey2, J. Ferrieres3, L. Leiter4, P. Lundman5, 
K.K. Thomsen6, T. Pedersen7, H. Drexel8, J. Feely9, P. Marques da Silva10,  
D. Wood11, F. Chazelle12, C. Jünger1, K. Bestehorn13, J. Kastelein14; 
1Klinikum der Stadt Ludwigshafen, Germany, 2Hospital Clínico 
Universitario, Santiago de Compostela, Spain, 3CHU Rangueil, Toulouse, 
France, 4St. Michael’s Hospital, Toronto, Canada, 5Danderyds sjukhus, 
Stockholm, Sweden, 6Sydvetjysk Sygehus, Esbjerg, Denmark, 7Ulleval 
University Hospital, Oslo, Norway, 8Landeskrankenhaus, Feldkirch, Austria, 
9St. James’s Hospital, Dublin, Ireland, 10Hospital de Santa Marta, Lisbon, 
Portugal, 11Charing Cross Hospital, London, United Kingdom, 12Merck & 
Co Inc., Paris, France, 13MSD SHARP & DOHME GMBH, Haar, Germany, 
14Academic Medical Center, Amsterdam, Netherlands.

Background and aims: Statins are widely used for treatment of dyslipidemia. 
Many patients on statin however do not reach their lipid targets. This analysis 
of patients from DYSIS investigated whether patients with sedentary lifestyle 
(SL) differ in cardiovascular disease risk factor profile (RFP) and LDL-C tar-
get achievement from patients without this risk factor. Sedentary lifestyle was 
considered if the patient was reported not to conduct usual physical activity 
(i.e. a minimum of walking 20-30 minutes 3-4 days a week or equivalent).
Materials and methods: The data originate from a large cross-sectional study 
in 12 countries (Europe, Canada) done in 2008 that comprise data from clini-
cal examination as well as latest lipid values from consecutively recruited 
outpatients ≥45 years on chronic statin therapy. To evaluate the role of SL a 
stepwise logistic regression analysis adjusting for patient characteristics and 
lipid lowering therapy was performed.
Results: Prevalence of RFP (e.g. diabetes mellitus, metabolic syndrome, 
obesity, and other comorbidities) was higher in patients with SL compared 
to those without SL as well as LDL-C not at goal, low HDL-C, and elevated 
triglycerides (TG) according to ESC Guidelines. The results identified SL as 
independent predictor of ‘LDL-C not at goal’ (OR 1.19, 95%-CI 1.11-1.26).
Conclusion: Patients with SL have an unfavourable RFP and a worse lipid 
profile than those without. A majority of statin treated patients with SL and 
comorbidities in this cohort was not at lipid goal and/or had abnormal levels 
of HDL-C and triglycerides. These results prompt to improve life style and a 
more intensive and comprehensive lipid management in these patients. 

Patients with  
sedentary lifestyle
N=10,384 (49.0%)

Patients without 
sedentary lifestyle
N=10,801 (51.0%)

Age (years, ± SD) 66.1 ±10.2 65.5 ±9.6 t

Female [%] 44.2 39.1*

Parental history of diabetes 31.0 26.9*

BMI ≥ 30 mg/m² [%] 39.4 27.5*

Diabetes mellitus[%] 43.4 41.7*

Metabolic syndrome (ATP III) [%] 56.4 43.3*

Current smoker [%] 17.2 13.0*

Hypertension [%] 78.0 35.3*

Ischemic heart disease [%] 35.7 36.8§

Heart failure [%] 11.3 7.0*

≤10 mg/day Simvastatin  
equivalent [%]

11.5 12.9 tt

20-40 mg/day Simvastatin equiva-
lent [%]

76.1 75.9§

≥80 mg/day Simvastatin  
equivalent [%]

12.4 11.2 tt

Ezetimibe [%] 10.1 9.6§

LDL-C not at goal [%] (1) 50.7 47.0*

Low HDL-C [%] (2) 31.0 25.7*

Elevated TG [%] (3) 53.2 43.7*

(1) LDL-C ≥100 / 115 mg/dL (high-risk and low-risk patients respectively)
(2) HDL-C < 40 mg/dL (male); < 45 mg/dL (female)
(3) TG > 150 mg/dL
* p<.0001, t p<.001, tt p<.01, § not statistically significant

Supported by: MSD
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1281
Hypertriglyceridaemic waist phenotype is associated with increased 
severity of coronary artery disease both in type 2 diabetes and 
nondiabetic patients 
K. Lalic1, M. Zamaklar1, N.M. Lalic1, M. Ostojic2, V. Kalimanovska3,  
A. Jotic1, N. Rajkovic1, L. Lukic1, T. Milicic1, S. Singh1, L. Stosic1; 
1Inst for Endocrinology, 2Inst for Cardiovascular Diseases, 3Faculty of 
Pharmacy, Belgrade, Serbia.

Background and aims: It has been previously shown that the presence of 
hypertriglyceridemic waist (HTgW) phenotype (waist girth ≥90 cm in men 
and ≥85 cm in women, and plasma triglyceride (Tg) concentration of ≥2.0 
mmol/L) could identify a high-risk patient with excess visceral adipose tissue 
who is at high risk for development of coronary artery disease (CAD). How-
ever, the relationship between the presence of HTgW phenotype and related 
metabolic parameters (insulin sensitivity (IS) and cholesterol subfraction 
levels) and the severity of coronary artery disease (CAD) expressed as the 
number of stenotic coronary arteries (SCAs) in patients with Type 2 diabetes 
(T2D) has not yet been elucidated. Therefore, this study was aimed to analyze 
the (a) severity of CAD, (b) IS levels, (c) lipoprotein subfraction levels and (d) 
LDL particle size in the following groups of patients referred to and under-
went coronary angiography for suspected CAD: (a) T2D with HTgW (group 
A, n=28); (b) T2D without HTgW (group B, n=12); (c) nondiabetics with 
HTgW (group C, n=22); (d) nondiabetics without HTgW (group D, n=38).
Materials and methods: CAD was angiographically verified in each patient 
included in this study and defined as a stenosis with narrowing of the lumen 
>50% with respect to the pre-stenotic segment in the main coronary blood 
vessels. The severity of CAD was evaluated based on the number of SCAs 
and defined as single vessel CAD (one SCA) or multivessel CAD (at least 
two SCAs or the stenosis of the left main artery). Insulin sensitivity levels (Si) 
was determined by minimal model analysis, total cholesterol (Ch), HDL-Ch, 
LDL-Ch and Tg levels by enzymatic methods and the LDL particle diameter 
by using gradient gel electrophoresis.
Results: We found that in both T2D and nondiabetic patients significantly 
higher percentage of patients with HTgW phenotype had multivessel CAD 
in comparison to patients without this phenotype (group A vs B: 83.3% vs 
37.5%, p<0.05; group C vs D: 64.3% vs 33.3%; p<0.05). Also, Si values were 
lower in group A vs B (A: 1.47+/-0.34; B:1.91+/-0.03 min-1/mU/lx104; p<0.05) 
and in group C vs D (C: 3.86+/-0.66; D: 6.24+/-1.12 min-1/mU/lx104; p<0.05). 
Simultaneously, in T2D patients we found significantly lower level of HDL-
Ch in group A vs B (0.92+/-0.07 vs 1.21+/-0.07 mmol/l; p<0.05) while we 
could not find significant differences in total, LDL-Ch and the mean LDL 
particle size levels between these groups. In contrast, in nondiabetic patients 
we did not find differences in HDL-Ch levels, while we found significantly 
higher levels of total Ch and LDL-Ch and smaller mean LDL particle size in 
group C vs D (26.02+/-0.18 vs 26.89+/-0.18 nm; p<0.01).
Conclusion: Our results signify that both in T2D and nondiabetic patients 
presence of HTgW phenotype is strongly associated with multivessel CAD as 
a more severe type of CAD. Also, the data signify that this association might 
be based on increased insulin resistance both in T2D and nondiabetics as well 
as on different lipid abnormalities involving primarily reverse cholesterol me-
tabolism in T2D and impairments in the structure of LDL with accumulation 
of small dense LDL particles in nondiabetic subjects.

1282
The higher burden of small low-density lipoprotein particles is associated 
with profound changes in serum testosterone concentration in male 
adolescents
Y. Lee1, S. Choi2, H. Kim3, S. Han3, H. Lee1, D. Kim3; 
1Yonsei University College of Medicine, Seoul, 2Seoul National University 
College of Medicine, Seoul, 3Ajou University School of Medicine, Suwon, 
Republic of Korea.

Background: Males are at higher cardiovascular risk than females from a 
young age. Dyslipidaemia, including a higher burden related to small low-den-
sity lipoprotein (LDL), plays an important role in precipitating atherosclerosis 
in both males and females. It is important to clarify which factors are related 
to these sex differences in cardiovascular risks from childhood, especially in 
males. We investigated the sex differences of atherogenic lipoprotein burden 
and independent predictors of LDL particle size in children and adolescents.
Methods: We measured the concentrations of total testosterone, sex hor-
mone-binding globulin (SHBG), estradiol (E2), adiponectin, total cholester-
ol, triglyceride (TG), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), 
and LDL particle size in 135 children and adolescents (67 boys, 68 girls).
Results: Serum testosterone concentration was significantly negatively cor-
related with LDL particle size (r = -0.336, p = 0.016) in male adolescents, 
but oestrogen and LDL particle size were not related. Higher TG and lower 
HDL-C concentrations were independently correlated with LDL particle size 
in both children and adolescents. After excluding the lipid profile in the mul-
tivariate analysis, BMI (β = -0.311, p = 0.006) in children and testosterone 
concentration (β = -0.336, p = 0.016) in adolescents were independently as-
sociated with LDL particle size. After mid-puberty, LDL particle size declined 
markedly in male adolescents.
Conclusion: Serum testosterone concentration correlated significantly with 
LDL particle size in male adolescents, especially after mid-puberty. The 
prominent decrease in LDL particle size associated with the increase in tes-
tosterone concentration in males might explain why males are more likely to 
display atherogenic dyslipidaemia from adolescence.

1283
Elevated circulating NEFA concentration are related to cardiac 
dysfunction of obese rats
H. Pan, Y. Yu, H. Tan; 
Endocrinology and metabolism, West China Hospital of Sichuan University, 
Chengdu, China.

Background and aims: Obesity is associated with cardiac hypertrophy and 
abnormal cardiac function, the mechanism of which is still not quite clear. El-
evated circulating NEFA level may play an important role in the development 
of heart dysfunction. The aim of the study is to explore the effects of decreas-
ing blood NEFA concentration on cardiac function in obese rats.
Materials and methods: 4 week aged male S-D rats were divided into 
three groups: control group(NC, n=16) fed normal chow, obese group(OB, 
n=16)and fenofibrate group (OB+F, n=16) fed high fat chow. Four weeks 
later, Fenofibrate(20mg/kg/d) was given to the rats in OB+F group by oral 
gavage. AT the end of 8 weeks and 16 weeks the maximum velocity of myo-
cardial contraction (+dP/dtmax) and relaxation (-dP/dtmax) were tested by 
physiological polygraph. The concentrations of triglyceride (TG) and NEFA 
both in blood and in left ventricular were measured. The expressions of NF-
κB and iNOS in myocardial cell were visualized by immunohistochemical 

Table 1 (abstract 1283) The cardiac function and TG and NEFA concentrations in blood and myocardium
NC
8w(n=8) 16w(n=8)

OB
8w(n=8) 16w(n=8)

OB+F
8w(n=8) 16w(n=8)

Weight (g) 369.5±41.3 425.9±24.1 423.9±43.9* 510.8±41.8** 411.3±26.2 534.1±60.1
TG blood(mmol/l) 0.76±0.17 0.83±0.17 1.32±0.35* 1.57±0.37** 0.87±0.34# 1.00±0.39#

Myocardium(mmol/g) 0.68±0.16 0.87±0.22 1.23±0.35* 1.48±0.36* 0.95±0.28# 0.99±0.31#
NEFA blood(µmol/l) 221.9±75.9 360.7±91.8 679.3±157.6* 1247.4±227.9** 467.9±124.9# 501.4±188.3#

myocardium(µmol/g) 433.8±146.4 518.4±151.9 682.9±201.1* 744.7±213.5* 521.0±120.5 614.8±240.3
+dp/dt max (mmHg/s) 4334±427 3787±544 3444±416* 2965±320* 3546±752 3448±647
-dp/dt max (mmHg/s) -4174±462 -3564±440 -3267±538* -2815±391* -3388±667 -3223±522
* P <0.05, ** P <0.01, vs the NC group; #: P<0.05, # #: P<0.01, vs the OB group.
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methods and semi-quantified by morphometric image analysis (integrated 
optical density, IOD)
Results: The OB group rats developed obesity and left ventricular hyper-
trophy. The TG and NEFA levels either in myocardial homogenate or blood 
were increased and the values for +dP/dtmax and -dP/dtmax were lower (table 
1) in OB group. Fenofibrate intervention improved lipids profile and cardiac 
function. The expressions of NF-κB and iNOS in myocardium were higher 
in OB group (IOD: NFκB: 32000, vs. 55176, P<0.05; iNOS: 24949, vs. 68315, 
P<0.01 ), which was partly restored in OB+F group (IOD: NFκB: 30741; 
iNOS: 39525). Intramyocardial lipids deposition was associated with plasma 
TG and NEFA concentrations. The values of +dp/dtmax and -dp/dtmax were 
negatively correlated with the intramyocardial TG and NEFA concentration 
and the score of NF-κB, iNOS.
Conclusion: Elevated circulating TG and NEFC levels are associated with 
ectopic lipid accumulation in myocardium, which may play an important role 
in the development of heart dysfunction through triggering an inflammatory 
signaling cascade.
Supported by: National Natural Science Foundation of China

1284
Prevalence of lipid abnormalities before and after introduction of lipid 
modifying therapy among Swedish patients with type 2 diabetes and/or 
coronary heart disease (PRIMULA Sweden)
B. Ambegaonkar1, B. Pettersson2, V. Sazonov1, M. Martinell3,  
J. Stålhammar3; 
1Merck and Co. , Inc., Whitehouse Station, United States, 2Merck Sharp and 
Dhome (Sweden), Sollentuna, Sweden, 3Uppsala University, Sweden.

Background and aims: Recent data on the extent of lipid abnormailities and 
treatments used among adults with dyslipidemia are limited; particularly 
among those with coronary heart disease (CHD) or type 2 diabetes melli-
tus (T2DM). We therefore examined the prevalence of lipid abnormalities 
and utilization of lipid modifying therapies (LMT) to determine any gaps in 
therapy in a Swedish longitudinal assessment of CHD and T2DM patients.
Materials and methods: This retrospective longitudinal study is based on 
primary health care electronic medical records (EMR) from the county of 
Uppsala, Sweden. We identified patients at least 35 years of age, experiencing 
CHD only (CHD without T2DM), CHD+ T2DM and T2DM only (T2DM 
without CHD), who initiated a LMT between May 1994-June 2007, contin-
ued treatment for 1 year and had at least 1 lipid abnormality prior to initiation 
of LMT. Patients selected were also required to have a complete lipid panel 
consisting of low-density lipoprotein cholesterol (LDL-C), high- density li-
poprotein cholesterol (HDL-C) and triglycerides (TG), 13 months pre (base-
line) and 1-year post (follow-up) therapy initiation. Target/normal levels for 
LDL-C, HDL-C and TG were specified as per NCEP ATP III Guidelines.
Results: Sample consisted of CHD only (n=337), CHD+T2DM (n=95) and 
T2DM only (n=1,033) patients. Mean age of the above 3 groups was 74, 75 
and 67 years respectively with 57%, 60% and 54% men in the respective 
groups. At baseline, 91% of patients with CHD exhibited elevated LDL-C 
compared to 82% of those with CHD+ T2DM and 90% of those with T2DM. 
Low HDL-C was observed among 30%, 46% and 42% of patients with CHD, 
CHD+ T2DM and T2DM respectively while 31% of patients with CHD, 41% 
with CHD+ T2DM and 52% with T2DM had elevated TG levels. Prior to 
therapy, 39%, 46% and 57% of patients with CHD, CHD+T2DM and T2DM 
respectively experienced elevated LDL-C coupled with low HDL-C and/or 
elevated TG. Over 90% of patients utilized statin monotherapy. Post therapy 
breakdown for lipid abnormalities is shown in the table.

Lipid Abnormality Profile by Risk Status
CHD only
(n=337)
(1)

CHD+T2DM
(n=95)
(2)

T2DM only
(n=1,033)
(3)

p value
(1) vs. (2)

p value
(1) vs. (3)

p value
(2) vs. (3)

Elevated LDL-C 59% 38% 51% <0.01 <0.05 <0.05
Low HDL-C 22% 39% 41% 0.001 <0.01 0.677
Elevated TG 18% 24% 36% 0.162 <0.01 <0.05

Elevated LDL-C + 
low HDL-C and/
or elevated TG

18% 17% 28% 0.828 <0.01 <0.05

Conclusion: In this longitudinal study of Swedish high CV risk patients 
primarily treated with statins, improvement in LDL-C level post LMT was 
substantial: at least one out of three patients achieved LDL-C goal, approxi-

mately additional 13-17% achieved normal TG levels while improvement 
in HDL-C level was small (up to 8% among CHD+ T2DM patients). Post 
therapy patients with CHD had significantly higher percentage with elevated 
LDL-C and significantly less with low HDL-C and elevated TG compared 
to CHD+ T2DM and T2DM groups. Despite LMT, over a quarter of T2DM 
patients and up to one in five patients from the other two groups, continued 
to exhibit elevated LDL-C coupled with low HDL-C and/or elevated TG and 
could potentially benefit from higher doses of statin or as recommended in 
the guidelines from adding another therapy to statins.

1285
High-density lipoprotein cholesterol effects of pioglitazone compared 
with non-TZD oral medications in a US managed care cohort
T. McCall, M. Bron, J. Liu, S. Manthena, R. Spanheimer; 
Takeda Pharmaceuticals North America, Inc., Deerfield, United States.

Background and aims: Decreased high-density lipoprotein cholesterol 
(HDL-C) is characteristic of diabetic dyslipidemia and a risk factor for car-
diovascular disease among patients with type 2 diabetes mellitus (T2DM). 
Nearly half of patients with T2DM in a primary care cohort had HDL-C 
values below normal, suggesting that strategies to raise HDL-C are not in-
corporated into treatment regimens. In randomized controlled clinical trials, 
pioglitazone (PIO), an oral antidiabetic (OAD) agent, has consistently raised 
HDL-C and lowered triglycerides (TG). To further explore the lipid effects 
of PIO, a retrospective claims analysis in a large database of United States 
privately-insured enrollees was conducted.
Materials and methods: The Integrated Healthcare Information Services da-
tabase (01/01/00-03/31/07), a database of US managed care population was 
used. Analysis inclusion criteria were new-onset T2DM patients treated with 
PIO or non-TZD OAD monotherapy regimens. Patients using insulin were 
excluded. Patients were required to have at least one HDL-C, a low-density 
lipoprotein cholesterol (LDL-C), and TG lab value at baseline and another 
value during 12 months follow-up.
Results: Both treatment groups were similar in age (55 years). There was a 
higher percentage of women in the non-TZD OAD (47.2%) than the PIO 
(35.2%) group. Baseline lipid values were (mg/dL): LDL-C 117.2, TG 229.3, 
and HDL-C 43.2 for PIO and LDL-C 120.2, TG 220.8, HDL-C 44.4 for non-
TZD OAD. While HDL-C was increased from baseline in both groups over 
12 months, the magnitude of increase was greater with PIO (P<0.0001 Fig-
ure). Both PIO and non-TZD OAD treatment were associated with reduc-
tions of LDL-C and TG. After age and gender adjustments, HDL-C increases 
remained significant for both groups and between groups. Among patients 
who took statins prior to OAD treatment, HDL-C increased by 10.0% in the 
PIO group and 2.8% in the non-TZD group, while LDL-C decreased 1.5% 
and TG decreased 13.8% from baseline in the PIO group and 4.8% and 4.9%, 
respectively, in the non-TZD group.
Conclusion: PIO is associated with increased HDL-C and decreased TG lev-
els compared with baseline and non-TZD OAD treatment in this database, 
a finding consistent with data from clinical trials and independent of statin 
use. Further analyses are planned to assess the economic benefit of these im-
provements.
Figure: Percent Change in HDL-C, LDL-C, and TG in Patients Treated with 
Pioglitazone or non-TZD OAD for 12 Months
* P<.0001 PIO vs. OAD

Supported by: Takeda Pharmaceuticals North America
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1286
Beneficial effects of a high-fat diet on plasma HDL concentration 
and macrophage cholesteropl efflux in a murine model of metabolic 
syndrome
A.D. Kalopissis1, S. Maïga1, A. Gaaya1, L. Fourchaud1, N. Fournier2,  
M. Chabert1; 
1UMRS 872, INSERM, Paris, 2Faculté de Pharmacie, Châtenay-Malabry, 
France.

Background and aims: The metabolic syndrome (MS) is a cluster of abnor-
malities conferring increased risk of type II diabetes and cardiovascular dis-
eases. We generated transgenic mice overexpressing human apo AII (hapo 
A-II), a major HDL apolipoprotein, which present three MS traits: postpran-
dial hypertriglyceridemia, low plasma HDL levels and glucose intolerance. 
In this study our first aim was to investigate whether the low plasma HDL 
levels originate from decreased formation by macrophages. Macrophages in 
the arterial wall accumulate cholesterol following uptake of oxidized LDL (a 
non-regulatable process), and are thus implicated in initial steps of athero-
sclerosis. The cholesterol load of macrophages decreases through cholesterol 
efflux, stimulated by ABCA1 (ATP Binding Cassette Transporter AI), and 
resulting in formation of nascent HDL. Our second aim was to study the ef-
fects of a moderate high-fat (HF) diet on plasma HDL concentration and on 
HDL formation by macrophages.
Materials and methods: Hapo A-II transgenic mice and control C57BL/6 
mice were fed for 2 months either low-fat chow diet or HF diet (20% co-
conut oil containg 48% lauric acid). Plasma lipoproteins were analyzed af-
ter ultracentrifugation and FPLC. Mouse peritoneal macrophages (MPM) 
were isolated from transgenic and control mice on both diets, and primary 
cultures were performed. MPM were loaded with cholesterol by incubation 
with acetyl-LDL and [3H] cholesterol, and treated with cAMP to upregulate 
ABCA1 expression. Efflux of [3H] cholesterol was measured in the absence 
or presence of acceptors (lipid-free apo A-I or apo A-II in equimolar con-
centrations). Nascent HDL were detected in the media by bi-dimensional 
electrophoresis.
Results: Under HF feeding, plasma HDL and apo A-I levels increased 2.5 
times in transgenic mice, whereas their hypertriglyceridemia persisted.
MPM from the four groups of mice (hapo AII-transgenic and control mice, 
under chow or HF diet) displayed similar cholesterol efflux capacities, both 
in the absence of acceptors (passive efflux) and in the presence of apo A-I or 
apo A-II (ABCA1-mediated efflux). Of note, apo A-I and apo A-II promoted 
cholesterol efflux to similar extents. Nascent HDL were formed with apo A-I 
and apo A-II. MPM from chow and fat-fed transgenic and control mice dis-
played comparable capacities to synthesize nascent HDL.
Conclusion: The low plasma HDL of our murine model for MS is not due to 
impaired HDL synthesis by macrophages. Interestingly, the lauric acid-rich 
moderate HF diet improved the MS phenotype of transgenic mice by mark-
edly increasing HDL, a protective factor against atherosclerosis. Moreover, 
this diet allowed an efficient cholesterol efflux from MPM, as well as an ad-
equate HDL synthesis.
Supported by: ALFEDIAM, ASTRA-ZENEKA and GLN

PS 121 Endothelial dysfunction
1287
The effect of hypoxia and hyperglycaemia on migration of microvascular 
endothelial cells
P.C. Gadad, D. Moir, R.M. Knott; 
The Robert Gordon University, Aberdeen, United Kingdom.

Background and aims: Type 1 and 2 diabetes mellitus lead to micro and 
macrovascular angiopathies which lead to morbidity and mortality. Further-
more, delayed wound healing is one of the leading concerns of the microv-
ascular complications of diabetes. Hyperglycaemia and hypoxia characterise 
a wound environment of a person with diabetes. The aim of this work was to 
determine the combined effect of hypoxia and hyperglycaemia on endothelial 
cell migration.
Materials and methods: The radial migration assay was employed to assess 
the effect of hypoxia and hyperglycaemia on human endothelial cell migra-
tion. This assay was carried out using human microvascular endothelial cells 
of adult dermis (HMVECad). The migration was studied under normal 
oxygen (20%) tension (normoxia) and below normal oxygen (5%) tension 
(hypoxia), in either 5mmol/l or 20mmol/l D-glucose and in the presence of 
an anti-proliferative agent hydroxyurea (5mmol/l). HMVECad were seeded 
into circular rings of 4mm diameter in 6 well plates and after 5 hours of in-
cubation, rings were removed and wells were incubated in the test conditions 
outlined above. Migration distance was measured by recording the radii of a 
defined area of cells at 0 h, 24 h and 48 h following incubation.
Results: The results were obtained by measuring 20 radii from each of 3 
monolayers (n=60) within each test group and are presented in the table. The 
results are presented as net migration, which was defined as the difference 
between the measurements of 24 h or 48 h with those of 0 h. This experiment 
was repeated on two further separate occasions and found to be reproducible.
The data was analysed using a paired t test (2-tailed).Migration of HMVECad 
was found to be significantly (p<0.001) higher in hypoxic conditions at 24 
h and 48 h compared with normoxic conditions. High glucose concentra-
tion significantly (p<0.001) reduced the migration of cells at 24 h and 48 h 
compared to the cells incubated in 5mmol/l glucose at the same time point. 
Combining high glucose concentration with hypoxia attenuated (p<0.001) 
the migration of cells compared to hypoxic cells in 5mmol/l glucose. In the 
presence of hydroxyurea, the same relative increase with hypoxia (p<0.001) 
and decrease with high glucose concentration (p<0.001) were evident at 24 
h.
Conclusion: Hypoxia and hyperglycaemia had opposing effect on microv-
ascular endothelial cell migration. Hypoxia combined with high glucose de-
creased migration of cells in comparison with hypoxia alone. Future study 
will involve investigation of the molecular mechanisms underpinning the 
changes observed in endothelial cell migration and proliferation as a result of 
oxygen and glucose concentration.

Net migration of HMVECad (mean ± SEM) (in µm)

Treatment without hydroxyurea with hydroxyurea
24 h 48 h 24 h

20% oxygen
5mmol/l glucose

95.74 ± 1.26 140.21 ± 1.32 87.30 ± 1.79

20% oxygen
20mmol/l glucose

56.44 ± 1.32 105.67 ± 0.89 76.53 ± 0.98

5% oxygen
5mmol/l glucose

117.55 ± 1.44 173.32 ± 1.31 114.62 ± 1.26

5% oxygen
20mmol/l glucose

81.50 ± 1.24 126.22 ± 0.86 72.61 ± 1.36

Supported by: Research Development Initiative of the Robert Gordon Univer-
sity, ORSAS and Tenovus Scotland
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1288
Fenofibrate suppresses microvascular inflammation and apoptosis 
through AMP-activated protein kinase activation
S. Hattori, A. Tomizawa, K. Kasai, Y. Hattori; 
Dokkyo University School of Medicine, Mibu, Japan.

FIELD (Fenofibrate Intervention & Event Lowerig in Diabetes) showed that 
treatment with fenofibrate in individuals with type 2 diabetes mellitus not 
only reduced nonfatal coronary events but also reduced the need for laser 
treatment for diabetic retinopathy and inhibited the progress of diabetic 
nephropathy. However, the mechanism of the effect of fenofibrate on the 
microangiopathy is not yet clear. We here investigated the mechanism of mi-
crovascular protection by fenofibrate using human glomerular microvascular 
endothelial cells (HGMEC). Treatment of HGMEC with fenofibrate resulted 
in transient activation of AMP-activated protein kinase (AMPK), as moni-
tored by phosphorylation of AMPK and its down-stream target, acetyl-CoA 
carboxylase. Fenofibrate caused phosphorylation of Akt and eNOS, leading 
to increased production of NO, and also caused inhibition of advanced gly-
cated end-product (AGE)-induced NF-kB activation, leading to suppression 
of expression of adhesion molecule genes. Significant decreases in eNOS ac-
tivity and NO production in response to fenofibrate were observed in cells 
treated with AMPK siRNA or with compound C, a pharmacological inhibitor 
of AMPK. The attenuation of fenofibrate-induced inhibition of NF-kB activa-
tion was observed in cells treated with AMPK siRNA or with compound C. 
Furthermore, fenofibrate dose-dependently suppressed apoptosis under high 
glucose culture condition, detected by the ELISA method of cell death detec-
tion and morphological assessment. Treatment with compound C abolished 
the suppressive effect of fenofibrate on HGMEC apoptosis. Our findings sug-
gest that the beneficial effects of fenofibarate on microvascular endothelial 
cells might be attributed to the induction of AMPK activation beyond its li-
pid-lowering actions.
Supported partly by: a grant from the Japan Private School Promotion Founda-
tion

1289
Cardiac microvascular dysfunction in diabetes and insulin treatment: 
role of glucose-induced PKC-βII activity
H. Wang, Z. Yin, L. Wei; 
Department of Cardiology, The Fourth Military Medical University, Xi’an, 
China.

Background and aims: Multiple lines of evidence support the viewpoint that 
diabetes mellitus is an independent risk factor for cardiovascular disease. 
Activity of the protein kinase C (PKC) family has been well documented in 
diabetic myocardium for its numerous biological responses. However, lit-
tle attention is addressed on PKC-βIIin cardiac microvascular dysfunction, 
which takes a significant role in the pathophysiological cascade of diabetic 
cardiomyopathy.
Materials and methods: In the animal experiment, normal Sprague-Dawley 
rat, streptozotocin-induced diabetic rat model,insulin-treated and physiologi-
cal saline-treated diabetic rat were administrated with a serial of evaluations 
for 4 weeks natural course including pressure measurements, angiogenesis 
and permeability observations under electron microscope, histopathologic 
analysis for cardiac microvascular endothelium cell with CD31, terminal 
dUTP nick end-labeling (TUNEL), and Western blotting for PKC-βII. On the 
part of cell research, cardiac microvascular endothelial cells (CMECs) in three 
different mediums (normal medium, high-glucose concentration medium, 
insulin-stimulated and physiological saline-stimulated high-glucose medium) 
were investigated with MTT, apoptosis, quantitative permeability assessment 
via Vitro Vascular Permeability Assay Kit, and detailed analysis for PKC-βII.
Results: 1. Accompanied with more active expression of PKC-βII and higher 
apoptosis rate in diabetic model, either increased microvascular permeability 
or pathological angiogenesis is observed, and which is attenuated in certain 
extent while receiving insulin treatment. 2. At the same moment, accord-
ant results from cell research were obtained. Compared with normal group, 
CMECs in high-glucose medium are demonstrated with poor proliferation, 
more notable apoptosis, increased permeability of cell monolayer, and aug-
mented PKC-βII expression. As far as insulin-stimulated group concerned, it 
poses a midst performance between normal group and high-glucose group.
Conclusion: Increased PKC-βII activity has been implicated responsible for 
the pathogenesis of cardiac microvascular dysfunction in diabetes and elevat-
ed glucose is sufficient to induce these effects. Moreover, PKC-βII is indicated 

to occupy an important position in the whole process of insulin treatment. 
A thorough understanding of the pathophysiology of cardiac microvascular 
insufficiency and the function of PKC-βII in diabetes also leads to more ef-
ficacious suggestions for therapeutic strategies.

Supported by: National Natural Science Foundation of China

1290
Elucidation of the molecular mechanisms involved in endothelial 
dysfunction induced by hyperglycaemia via the activation of the 
hexosamine pathway
T.V. Fiorentino, A. Greco, F. Andreozzi, F. Arturi, G. Sesti, M.L. Hribal; 
University of Catanzaro Magna Graecia, Italy.

Background and aims: Despite intense research the molecular processes by 
which diabetes promotes atherosclerosis are not yet fully understood . One 
unexplored possibility is that hyperglycemia, acting through the glucosamine 
(GlcNAc) pathway may induce endothelial dysfunction promoting the mis-
folding of proteins in the endoplasmic reticulum (ER) and consequently ER 
stress. The aim of this study is to test this hypothesis and to analyze the func-
tional consequences in endothelial cells.
Materials and methods: Human umbilical vein endothelial cells (HUVECs) 
were cultured in ECM medium at 37°C with 5% CO2. Time-course experi-
ments were carried out treating HUVECs for 24, 48, 72 and 96 hrs in the 
presence of 7.5mM GlcNAc. The non-metabolizable sugar mannitol was used 
as an osmotic control. Total RNA obtained from GlcNAc treated HUVECs 
and control cells were used to evaluate XBP-1 splicing and expression of BiP, 
Calnexin, IL-6, CRP, ICAM-1, VCAM-1 by RT-PCR. Total protein lysates 
were employed to assess ATF6 cleavage, Bip, Calnexin, CRP, IRE-1, pJNK 
and JNK levels by Western blot. All experiments were carried out in triplicate 
or quadruplicate, data are given as mean ± standard deviation (SD). Statistical 
differences were assessed by Student’s t test as compared to control cells, a p 
value of 0.05 has been considered statistically significant.
Results: Initially, we demonstrated that GlcNAc induces ER stress assessing 
the expression levels of two key ER stress markers, the chaperones Bip and 
Calnexin. Bip mRNA levels increased by 43±20%(p≤0.01), 20±14%(p≤0.05), 
36±10 (p≤0.001), 10±10%, while Bip protein levels increased by 40±30% 
(p≤0.05), 48±19% (p≤0.05), 67±10% (p≤0.001), 39±10% (p≤0.05) at 24, 48, 
72 and 96 hrs respectively in GlcNAc treated HUVECs as compared to con-
trol cells. Calnexin transcription increased by 58±30% (p≤0.05), 132±42% 
(p≤0.001), 112±48% (p≤0.01), 386±100% (p≤0.01) and Calnexin protein lev-
els by 50±20% (p≤0.05), 35±15% (p≤0.05), 50±30 (p≤0.02), 25±25% respec-
tively after 24, 48, 72 and 96 hrs. Then to evaluate the impact of GlcNAc in-
duced ER stress we investigated if the induction of ER stress was paralleled by 
an increase in the synthesis and release of proinflammatory cytokines and ad-
hesion molecules. We observed that C reactive protein expression increased 
by 58±7% and 46±7% (p≤0.05) at mRNA and protein levels respectively in 
HUVECs treated with GlcNAc for 24hrs, IL-6 mRNA levels increased by 
38±3%, while ICAM1 and VCAM-1 mRNA levels were increased by 36%±20 
(p≤0.09) and 54%±10 (p≤0.05), respectively. We then proceeded to a detailed 
characterization of the activation of the different known ER stress pathways 
in GlcNAc treated HUVECs; we did not observe an increased cleavage and 
activation of the transcription factor ATF-6 or an increased alternative splic-
ing of the transcription factor XBP-1, by contrast we detected a significant 
increase of IRE-1 levels (p≤0.05) as well as a significant increase in JNK phos-
phorylation (p≤0.05), suggesting that this may be the major pathway mediat-
ing ER stress induction in response to GlcNAc.
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Conclusion: Accumulation of intracellular GlcNAc in endothelial cells, ob-
served in diabetes, induces ER stress and promotes an inflammatory state. 
The increased cytokines expression can in turn exacerbate GlcNAc induced 
endothelial dysfunction, by independently promoting ER stress activation on 
one side and compromising insulin signalling on the other.
Supported by: PRIN-COFIN 2006 (2006069102_005) to F. Arturi

1291
Acute administration of high polyphenol content chocolate improves 
endothelial function in type 2 diabetes even in the presence of 
hyperglycaemia
D. Mellor1, L. Allegaert2, A. Wakil1, E. Kilpatrick3, S. Atkin4; 
1Diabetes and Endocrinology, University of Hull, Hull, United Kingdom, 
2Innovations, Barry Callebaut, Lebbeke, Belgium, 3Chemical Pathology, Hull 
and East Yorkshire Hospitals NHS Trust, Hull, United Kingdom, 4Diabetes 
and Endocrinology, HYMS, Hull, United Kingdom.

Background and aims: Endothelial dysfunction has been shown to be a reli-
able marker of cardiovascular disease. Individuals with type 2 diabetes are 
known to have a higher risk of cardiovascular disease. It has been proposed 
that bioactive compounds in foods such as chocolate can increase nitric oxide 
levels; this has been associated with improved vascular health and improved 
ability of the endothelial tissue to manage mechanical and metabolic stres-
sors.
Materials and methods: Ten subjects with well controlled type 2 diabetes 
(HbA1c 6.6±0.7%), treated with lifestyle or metformin were enrolled. Sub-
jects following screening attended for 3 oral glucose tolerance tests (OGTT) 
which were 1 week apart. The study visits schedule started with subject ac-
climatisation to the room prior to a baseline assessment of endothelial func-
tion, measured by EndoPAT 2000 (Intamar, Israel) to give the Reactive Hy-
peraemia Index (RHI), then were given water alone or water plus either high 
polyphenol dark content chocolate (Acticoa, Barry Callebaut, Belgium) or a 
low polyphenol dark chocolate . The measurement was repeated at 60 min-
utes, immediately prior to starting the OGTT and at 180 minutes (timed at 
the end of the OGTT)
Results: Table 1: The RHI for each of the tests at baseline and at 60minutes 

0 minutes 60 minutes
Mean SD Mean SD p value Vs 

0 minutes
Water 1.70 0.36 2.05 0.54 0.02
High Polyphenol Chocolate 1.68 0.47 2.32 0.81 0.01
Low Polyphenol Chocolate 1.87 0.53 1.98 0.53 0.6

When data is standardised at baseline, high polyphenol dark content chocolate 
showed a significant improvement in RHI compared to both low polyphenol 
dark content chocolate at 60 minutes (p= 0.048) and post OGTT (p =0.04) 
and water at 60 minutes (p= 0.028) and post OGTT (p= 0.045). In all groups 
the glucose challenge did not worsen the endothelial function.
Conclusion: High polyphenol dark content chocolate appears to improve 
endothelial function, which is sustained following a glucose challenge. High 
polyphenol dark content chocolate may contain bioactive compounds that 
increase RHI, which may be modulated through enhanced release of nitric 
oxide.
Supported by: Barry Callebaut, Belgium

PS 122 Oxidative stress
1292
The effect of glucose and glucose metabolites on calcium-induced 
mitochondrial permeability transition (MPT)
J. Skrha jr., J. Gall, R. Buchal, E. Sedlackova, J. Platenik; 
Institute of Medical Biochemistry, First Medical Faculty, Charles University, 
Prague, Czech Republic.

Background and aims: Mitochondrial production of reactive oxygen species 
(ROS) due to upregulated glucose oxidation is supposed to play a crucial, 
unifying role in pathogenesis of long-term diabetic complications. We inves-
tigated the effect of glucose metabolites on the mitochondrial permeability 
transition pore (MPT) and mitochondrial ROS production.
Materials and methods: Mitochondria were isolated from rat liver. The in-
ner membrane potential was measured by fluorescent probe JC-1, and mito-
chondrial swelling (MPT) was detected as light scatter. Mitochondria were 
energized by succinate with rotenone (complex I inhibitor). The effects of 
glucose, glucose 6-phosphate, glucose+ATP+Mg, fructose 6-phosphate and 
glucose 1-phosphate (all at 5 mmol/l and 30 mmol/l), glyceraldehyde and 
methylglyoxal (1 mmol/l and 6 mmol/l) on calcium-induced MPT were in-
vestigated. Mitochondrial release of hydrogen peroxide with Amplex Red was 
also measured in selected conditions.
Results: From all the compounds tested only 30 mmol/l glucose, 30 mmol/
l glucose 1-phosphate and 6 mmol/l methylglyoxal significantly (p<0.05) 
slowed down the calcium-induced mitochondrial swelling, methylglyoxal 
appeared to be the strongest MPT inhibitor. On the other hand, 30 mmol/l 
fructose 6-phosphate significantly (p<0.01) accelerated the swelling. Glucose 
6-phosphate or glucose+ATP+Mg did not influence the MPT, which sug-
gests absence of glucokinase (known to affect the pore) in our isolated mi-
tochondria. Hydrogen peroxide production by our mitochondria respiring 
on succinate + rotenone was found potential independent and approximately 
doubled during calcium-induced MPT. Cyclosporine A not only completely 
prevented the MPT, but also slowed down ROS production in response to Ca. 
In contrast, methylglyoxal simultaneously inhibited MPT and increased ROS 
production in response to Ca.
Conclusion: We confirm that methylglyoxal is a potent MPT inhibitor. In ad-
dition, we describe for the first time that high glucose, fructose 6-phosphate 
and glucose 1-phosphate concentrations affect the MPT, too. ROS production 
generally raised during MPT, however, inhibition of MPT by methylglyoxal 
was associated with increased ROS production. This mechanism can be im-
portant in development of long-term diabetic complications.
Supported by: GAUK 43/06

1293
High dose metformin therapy reduces glycation and oxidative damage to 
apolipoprotein B100 and may decelerate atherosclerosis in patients with 
type 2 diabetes
N. Rabbani, M. Varma Chittari, D. Zehnder, A. Ceriello, P.J. Thornalley; 
Clinical Sciences Research Institute, University of Warwcik, Coventry, 
United Kingdom.

Background and aims: Formation of advanced glycation endproducts 
(AGEs) and oxidative damage of apolipoprotein B100 - the major protein 
of low density lipoprotein (LDL) - have been implicated in increased athero-
genic risk of LDL in type 2 diabetes. Metformin therapy is associated with a 
cardiovascular protective effects and increased patient survival in
UKPDS study. As a result, metformin is the first choice of therapy in obese 
and diabetic patients. Metformin is already shown to reduce the concentra-
tion of dicarbonyl methylglyoxal in diabetic patients. The aim of this study, 
therefore, was to analyse and quantify the glycation and oxidative damage to 
LDL particles by methylglyoxal in diabetic patients with and without high 
dose metformin therapy and healthy controls.
Materials and methods: Healthy subjects as controls (HC)(n = 17), subjects 
with type 2 diabetes on high dose metformin ( metformin dose more than 1.5 
gms/d ) (MD)( n = 8)
and type 2 diabetic subjects not on high dose metformin (DN) (n = 25) were 
recruited for this study. LDL was isolated from venous plasma, stabilised with 
aprotinin and collected in the fasted state, by density gradient ultracentrifu-
gation using Iodixanol. Purified LDL was washed with argon-purged water by 
ultrafiltration over a 100 kDa microspin filter. The content of AGEs and oxida-
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tion adduct residues in apolipoprotein B100 was analysed after de-lipidation 
and exhaustive enzymatic hydrolysis by stable isotope dilution analysis liquid 
chromatography/mass spectrometry (LC-MS/MS). The following markers of 
protein damage were quantified: AGEs - Nε-carboxymethyl-lysine (CML), 
Nε-carboxyethyl-lysine (CEL), glyoxal-derived hydroimidazolone (G-H1), 
methylglyoxalderived hydroimidazolone (MG-H1), 3-deoxyglucosone-de-
rived hydroimidazolone (3DG-H) and pentosidine; oxidation markers - dity-
rosine and N-formylkynurenine (NFK).
Results: The AGE products, MG-H1 and 3DG-H of apolipoprotein B100 and 
CEL were increased in type 2 diabetes (MD and DN ) compared to control 
subjects (HC); MG-H1(pmol/mg protein): HC ( Mean ± SD ) 71.6 ± 54.7, 
DN( Mean ± SD ): 229.6 ± 48.7, MD ( Mean ± SD ) 55.5 ± 33.5 . (P<0.001); 
3DG-H (pmol/mg protein): HC ( Mean ± SD ) 36.7 ± 42.6, DN( Mean ± SD ): 
82.8 ± 33, MD ( Mean ± SD ) 18.1 ± 13.5. (P<0.001); CEL(pmol/mg protein): 
HC ( Mean ± SD ) 13.9 ± 11.6, DN( Mean ± SD ): 23.9 ± 15.8, MD ( Mean 
± SD ) 4.42 ± 4.44. (P<0.01). The above results show that subjects on high 
dose metformin therapy have lower levels of AGE products. Protein oxida-
tion marker: Dityrosine (pmol/mg protein): HC ( Mean ± SD ) 3.9 ± 7.4, DN( 
Mean ± SD ): 19.0 ± 10.0, MD ( Mean ± SD ) 0.9 ± 0.6 (P<0.05). Similarly, 
subjects on high dose metformin therapy have lower levels of protein oxida-
tion markers.
Conclusion: This study indicates that whilst apolipoprotein B100 of LDL 
suffers oxidation and glycation in type 2 diabetes, the damage seems to be 
significantly reduced by using high dose metformin. This could be one of the 
reasons by which high dose metformin therapy leads to cardiac protection.
We thank BHF for IMRF grant

1294
Contribution of endoplasmic reticulum stress in oxidized LDL-induced 
beta cell dysfunction
S. Brajkovic1,2, D. Favre1,2, G. Niederhäuser1,2, G. Waeber2,  
A. Abderrahmani1,2; 
1Department of Cell Biology and Morphology, Lausanne, 2Service of 
Internal Medicine, Centre Hospitalier Universitaire Vaudois - University of 
Lausanne, Switzerland.

Background and aims: Induction of endoplasmic reticulum stress can be 
detrimental and diabetogenic as it mediates beta-cell dysfunction caused by 
chronic hyperglycaemia and fatty acids. Evidence for a role of oxidized LDL-
cholesterol particles (oxLDL) in progression and development of diabetes is 
growing. First, relative increase in levels of oxLDL over native LDL, often 
accompanied by low plasma concentration of HDL, is measured in plasma of 
diabetic patients. This abnormality contributes to increase the risk of patients 
to develop cardiovascular disease. Second, several independent studies have 
shown the harmful effects of human modified lipoproteins on expression and 
secretion of insulin as well as cell survival. At the present time, the mecha-
nisms whereby oxLDL exert their effect are still elusive. In this study, we in-
vestigated potential role of ER stress in beta-cell failure elicited by oxLDL.
Materials and methods: Native LDL fractions were freshly prepared from 
plasma of human healthy donors by sequential ultracentrifugation. In vitro 
oxidization of LDL by copper was adjusted to obtain oxidized LDL qualita-
tively similar to those observed in patients. The lipoprotein preparations were 
dialyzed against phosphate-buffered saline and culture medium to remove 
copper and salts. The mouse MIN6 insulin-secreting cell line was treated with 
native or modified LDL and 2.5 mM of the chemical chaperone 4-phenyl bu-
tyric acid (4-PBA) was co-added to the medium to assess the role of ER stress 
on oxLDL-induced dysfunction. Expression of genes involved in ER stress 
was monitored by quantitative PCR.
Results: OxLDL triggered a rise in the expression of ER stress markers C/EBP 
homologous protein (CHOP) and activating transcription factor 4 (ATF4), 
whereas the genes expression was unchanged in response to native LDL. 
However, no increase in the splicing of the unfolded protein response gene 
XBP-1 was observed. 4-PBA co-treatment prevented oxLDL-induced ATF4 
and CHOP expression. OxLDL impair insulin synthesis, secretion and cell 
survival. Inhibition of the ER stress with the use of 4-PBA prevented oxLDL-
induced diminution of insulin expression and cell apoptosis, whereas insulin 
secretion was still reduced.
Conclusion: These data highlight the contribution of ER stress in the defects 
of the insulin synthesis and β-cell survival induced by oxLDL.
Supported by: an EFSD/MSD grant

1295
Association between FINDRISC and systemic markers of oxidative stress
S. Kopprasch1, P.E.H. Schwarz1, G. Siegert2, S.R. Bornstein1, J. Graessler1; 
1Department of Internal Medicine 3, 2Institute of Clinical Chemistry and 
Laboratory Medicine, University of Technology Dresden, Germany.

Background and aims: Type 2 diabetes pathophysiology is causally related to in-
creased systemic oxidative stress. The validated Finnish diabetes risk score (FIND-
RISC) has been successfully implemented as practical screening tool to assess the 
diabetes risk and to detect undiagnosed type 2 diabetes (T2D). We investigated the 
association between FINDRSIC and different systemic oxidative stress markers in 
subjects with different stages of glucose tolerance and diabetes mellitus.
Materials and methods: The cross-sectional survey included 588 partici-
pants aged 19-85 years. Individuals were examined with an oral glucose tol-
erance test. At baseline, FINDRISC was gathered and six different oxidative 
stress markers were assessed (lagtime of serum diene formation, total anti-
oxidant capacity, oxLDL, antioxLDL antibodies, thiobarbituric acid reactive 
substances and paraoxonase activity)
Results: Among investigated subjects, 73% had NGT, 4% IFG, 17 % IGT, and 
5% newly diagnosed T2D. The FINDRISC score varied between individuals 
with NGT (10.0), IGT (12.9, p<0.001) and T2D patients (15.8, p<0.001). Total 
antioxidant capacity was positively associated with FINDRISC score (p<0.01) 
as well as lagtime of serum diene formation (p<0.05). FINDRISC correlated 
negatively with antioxLDL antibodies (p<0.001), thiobarbituric acid reactive 
substances (p=0.001), and paraoxonase activity (p=0.001)
Conclusion: The significant associations between FINDRISC and oxidative 
stress markers underline the potential causal relationship between systemic 
oxidative burden and development of T2D.
Supported by: the Dresden University of Technology Funding Grant, Med 
Drive

1296
Inflammation, oxidative stress and endothelial function in subjects with 
normal, impaired and diabetic glucose tolerance
E. Storti1, L. Pucci1, D. Lucchesi1, R. Vanacore2, M. Iorio2, R. Bruno3,  
E. Russo1, C. Bianchi1, A.G. Daniele1, S. Taddei3, G. Penno1, L. Ghiadoni3,  
S. Del Prato1, R. Miccoli1; 
1Endocrinology and Metabolism, 2Blood Bank, 3Dept. of Internal Medicine, 
University of Pisa, Italy.

Background and aims: Endothelial Dysfunction (ED) and Endothelial Pro-
genitor Cells (EPC) reduction are key factors in atherogenesis.
Materials and methods: In subjects with normal (NGT, n.26), impaired 
(IFG/IGT, n.34) and diabetic glucose tolerance (T2D, n.18), we studied the 
relation of ED (flow-mediated, FMD; nitrate-induced dilatation, NID) and 
EPC (CD34+/KDR+ cells) with levels of biomarkers of inflammation (fibrin-
ogen; C-reactive protein, hsCRP; serum amyloid A, SAA), proinflammatory 
cytokines (interleukin-6, IL-6; tumor necrosis factor-α, TNFα; monocyte 
chemoattractant protein-1, MCP-1), adhesion molecules (intercellular adhe-
sion molecule-1, sICAM-1; vascular cell adhesion molecule-1, sVCAM-1), 
together with markers of oxidative stress (γ-glutamyltransferase, γGT; malo-
nildialdehyde, MDA; lipid hydroperoxide, LOOH; ferric-redicing ability of 
plasma, FRAP) and the antioxidative activity of paraoxonase-1 (PON-1).
Results: The groups did not differ for gender, BMI, waist, dBP, total and LDL 
cholesterol, apoA1 and apoB, creatinine, cistatin C, and fasting insulin. IFG/
IGT and T2D were older than NGT (55±5 and 58±8 vs 45±10 years, p<0.001), 
had higher sBP (p=0.001), fasting-, 2h-OGTT- and AUC-glucose (p<0.0001), 
and HbA1c (6.0±0.4 and 6.5±0.6 vs 5.5±0.4%, p<0.0001), marginally higher 
triglycerides (p=0.08), and lower HDL (p=0.07). NID was comparable in the 
three groups. FMD (and FMD/NID ratio) was lower in T2D (Δ% 4.4±3.3, 
m±sd), and in IFG/IGT (Δ% 6.0±2.8%) than in NGT (Δ% 7.9±3.6%, Kruskal-
Wallis, p=0.0017). EPC pool was higher in NGT (533±69 cells/ml, m±se), 
than in IFG/IGT (440±53) and even lower in T2D (254±51 cells/ml, Kruskal-
Wallis, p=0.014). The three groups did not differ for fibrinogen and SAA, but 
differ for hsCRP (1.68±2.22, 3.34±2.39 and 3.62±2.10 mg/L, p=0.009); not 
for TNF-α, but did for IL-6 (8.7±6.1, 13.8±12.5 and 15.1±15.9 pg/ml, p=0.05) 
and MCP-1 (201±56, 236±57 and 236±59 pg/ml, p<0.05); not for sVCAM-
1, but did for sICAM-1 (244±122, 338±147 and 424±118 mg/ml, p<0.001); 
not for γGT, LOOH and FRAP, but did for MDA (2.33±0.57, 2.66±1.04 and 
3.27±0.84 µmol/L, p=0.003) and PON-1 activity (93±46, 77±55 and 56±39 U/
L, p=0.04). FMD inversely correlated with sICAM-1 (r=-0.24, p=0.04), MDA 
(r=-0.30, p=0.01), and FRAP (r=-0.25, p=0.03). EPC inversely correlated with 



S 500 Diabetologia (2009) 52:[Suppl1]S1–S550

1 C

sICAM-1 (r=-0.30, p=0.008), IL-6 (r=-0.26, p=0.02), and directly with PON-
1 activity (r=0.30, p=0.008). A significant association was observed between 
FMD and EPC levels both stratified by median value (χ2=8.67, p=0.003). 
Stratification by median values of FMD and EPC allows to identifying four 
different phenotypes among which that with both FMD and EPC belove the 
median had the “worst” (n. 26), and that with both FMD and EPC above the 
median, the “best” pro-inflammatory and pro-oxidative profile; n. 26).
Conclusion: In subjects with different degree of glucose tolerance, endothelium 
dependent vasodilatation and EPC reduction are closely related. Pro-inflam-
matory, oxidative and anti-oxidative activities are already modified in the early 
stages of altered glucose tolerance. Mechanisms involved in different aspects of 
endothelial dysfunction are multifactorial at the prediabetic and diabetic states.

1297
No relationship between glucose variability and oxidative stress in type 
2 diabetes
S.E. Siegelaar1, T. Barwari1, W. Kulik2, J.B.L. Hoekstra1, J.H. DeVries1; 
1Internal Medicine, 2Laboratory Genetic Metabolic Diseases, Academic 
Medical Center, Amsterdam, Netherlands.

Background and aims: A strong relationship between glycaemic variability 
and oxidative stress has been reported. However, this relationship could not be 
confirmed in type 1 diabetes. The purpose of the present study is to examine 
whether this discrepancy relates to the difference between type 1 and type 2 
diabetes or to different methods used for the quantification of oxidative stress.
Materials and methods: 24 patients with type 2 diabetes on oral antidiabetic 
treatment were included. The study consisted of 72 hours of continuous glu-
cose monitoring (CGMS® system gold; Medtronic MiniMed) while patients 
simultaneously collected two consecutive 24 hours urine samples for deter-
mination of 15(S)-8-iso-prostaglandin F2α (PGF2α) using HPLC tandem mass 
spectrometry. Standard deviation (SD) and mean amplitude of glycaemic 
excursions (MAGE) were calculated as markers of glycaemic variability over 
the 48 hours of continuous glucose monitoring. Correlation between mark-
ers of glycaemic variability and 15(S)-8-iso-PGF2α excretion was calculated 
using Spearman’s correlation. Also multivariate analysis adjusted for sex, 
age, HbA1c and exercise was performed. Exercise was graded into sedentary, 
moderately active, active and fit according to the patients’ history.
Results: The patient group studied consisted of 66.7% males with a mean 
(range) age of 59 (36-76) years and a mean (SD) HbA1c of 6.9 (0.7) %. Me-
dian [interquartile range (IQR)] urinary 15(S)-8-iso-PGF2α excretion was 168 
(114-236) pg/mg creatinine. Median (IQR) SD was 1.65 (1.33-2.20) mmol/l 
and MAGE 4.68 (3.07-5.88) mmol/l. Univariate regression analysis did not 
show a significant correlation for SD (r2=0.001) or MAGE (r2=0.015) with 
15(S)-8-iso-PGF2α excretion. Multivariate regression analysis adjusted for age, 
sex, Hba1c and exercise did not alter this observation. Spearman correlation 
coefficients (ρ) between 15-(S)-8-iso-PGF2α excretion and SD and MAGE 
were 0.14 (p=0.53) and 0.21 (p=0.34) respectively. A significant relationship 
was found between 15(S)-8-iso-PGF2α excretion and degree of exercise (r= 
-0.56, p=0.009) and age (r= -0.50, p=0.012).
Conclusion: In this study we did not find a relationship between glucose var-
iability and 15(S)-8-iso-PGF2α excretion in type 2 diabetes. The discrepancy 

between these and earlier data might be attributed to the superior quantifica-
tion of 15(S)-8-iso-PGF2α by HPLC MS/MS versus enzyme immunoassay that 
is much more open to interfering substances or to a difference in the popula-
tion studied, e.g. the much better glycaemic control in our patients than in 
the Monnier population (mean HbA1c 6.9% and 9.6% respectively). Finally 
we report a negative correlation between oxidative stress formation and age 
and degree of exercise.

1298
Is 1,5 AnhydroGlucitol associated with malondialdehyde a marker for 
oxidative stress?
J. Kuenen1, R. Borg2, P.G. Scheffer3, T. Teerlink3, H. Zheng4, D. Schoenfeld4, 
E. Button5, D.M. Nathan4, M. Diamant1, R.J. Heine1; 
1Diabetes Center, VU University Medical Center, Amsterdam, Netherlands, 
2Steno Diabetes Center, Copenhagen, Denmark, 3Metabolic Laboratory, 
department of Clinical Chemistry, VU University Medical Center, 
Amsterdam, Netherlands, 4Diabetes Center, Massachusetts General 
Hospital, Boston, United States, 5Glycomark, Winsom Salem, United States.

Background and aims: Hyperglycaemia, and glucose excursions especially, 
trigger oxidative stress. Since 1,5 AnhydroGlucitol (1,5AG) levels inversely 
correlate with glucose fluctuations, 1,5AG is potentially also a marker of hy-
perglycaemia-induced oxidative stress. The objective of this study was to in-
vestigate the interrelationship of 1,5AG, the oxidative stress marker malondi-
aldehyde (MDA) and measures of glucose variability (GV), at various levels 
of glycaemia in diabetes patients.
Materials and methods: Data from 83 subjects (45 T1DM and 38 T2DM) 
from the A1c Derived Average Glucose (ADAG) study population were in-
cluded. Glucose levels were monitored with continuous glucose monitoring 
(CGM- four 48-h periods during 3 months) and self-monitored blood glucose 
(SMBG). From CGM, we calculated mean blood glucose (MBG) and Stand-
ard Deviation (SD), Magnitude of the Amplitude of the Glycemic Excursions 
(MAGE) and area-under-the-curve > 180mg/dl (AUC>180) as measures of 
GV. Post-prandial glucose (PPG) levels were obtained from SMBG results. 
HbA1c, 1,5AG and MDA in plasma were measured twice at an interval of 8 
weeks. Pearson correlations were calculated for 1,5AG, MDA and measures 
of glycaemia, at different levels of HbA1c.
Results: Significant correlations were found between 1,5AG and MDA, 
and between these variables and the various measures of GV, HbA1c and 
MBG. (Table) For MDA, the strongest correlation was found with PPG and 
AUC>180. After adjustment for HbA1c the association between 1,5AG and 
MDA was lost, leaving only a significant correlation between MDA and PPG 
and AUC>180. Also at HbA1c < 8 % (n = 55) a significant correlation of 
-0.268 (p = 0.048) between MDA and 1,5AG was lost when adjusted for 
HbA1c. At HbA1c > 8% (n = 17) no significant correlations were found, when 
adjusted for HbA1c.
Conclusion: The oxidative stress marker MDA is associated with 1,5AG and 
variables of GV, in particular postprandial hyperglycemia and glucose levels 
> 180 mg/dl. However this association becomes considerably weaker when 
adjusted for HbA1c. As 1,5AG levels reflect glucose excursion during the 
previous 2 to 3 weeks, the use of this measure of glycaemia obtained during 
the previous 3-month period may be regarded as a limitation of this analysis. 
The relationship between 1,5AG and other oxidative stress markers needs to 
be determined.

Table: Correlation coefficients of 1,5AG and MDA with measures of glucose control and 
variability over a 3-month period, for patients with T1DM and T2DM, before and after 
adjustment for HbA1c and for different HbA1c subgroups.

Total population HbA1c < 8%
adjusted for HbA1c adjusted for HbA1c

1,5AG MDA 1,5AG MDA 1,5AG MDA 1,5AG MDA

N = 75 75 72 72 55 55 52 52
MDA -0.416** -0.006 -0.268* 0.037
HbA1c # -0.723** 0.522** -0.703** 0.416**
SD -0.662** 0.409** -0.404** 0.127 -0.708** 0.348** -0.467** 0.114
MAGE -0.587** 0.411** -0.346** 0.200 -0.638** 0.379** -0.392** 0.183
AUC>180 -0.684** 0.536** -0.206 0.238* -0.634** 0.473** -0.348** 0.300*
All PPG 
values 

-0.634** 0.608** -0.212 0.337** -0.455** 0.542** -0.062 0.403*

# at end of 3 months, * correlation is significant at the 0.05 level, ** correlation is significant 
at the 0.01 level
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Supported by: ADA, EFSD/LifeScan, Abbott, Bayer Healthcare, GlaxoSmith-
Kline, Sanofi-Aventis Netherlands, Merck & Company, Lifescan, Medtronic 
Minimed, Hemocue

1299
Whole-genome transcriptomic profile in lympho-monocytes of healthy 
volunteers reveals over-expression of oxidative phosphorylation and cell 
cycle genes in presence of increased IMT
D. Ardigò, E. Derlindati, L. Franzini, A. Dei Cas, V. Spigoni, I. Zavaroni; 
Internal Medicine, University of Parma, Italy.

Background and aims: Preliminary studies have been investigating gene expres-
sion profile (GEP) of circulating peripheral mononuclear cells (PBMCs) in pres-
ence of several cardiovascular (CV) risk factors in search of transcriptomic signa-
tures of CV risk. However, no study investigated whether PBMC’s GEP correlates 
with markers of vascular damage, such as intima-media thickness (IMT).
Materials and methods: To address this aim, IMT and GEP were evaluated in 
164 apparently healthy young-adults [91M/73F, age 37±8 y], volunteering for CV 
risk assessment. IMT was measured by ultrasound examination with an automat-
ed edge-detection system (Carotid Analyzer, MIA-LLC, US), and transcriptomic 
profile investigated using whole-genome dual-color oligo-RNA-microarrays 
(Agilent Technologies, CA, USA). Enrolled subjects were free of diabetes, chronic 
inflammatory and CV diseases and not taking pharmacological medications.
Results: Subjects were stratified by IMT quartiles and clinical characteris-
tics compared by ANOVA. Higher IMT values were significantly correlated 
with several established CV risk factors, including older age (p<0.001), male 
gender (0.004), greater BMI (0.011) and waist (0.006), higher fasting plasma 
glucose (0.008) and LDL-cholesterol concentrations (0.013). In addition to 
these findings, IMT values were significantly correlated with a PBMC tran-
scriptomic profile characterized by increased expression of groups of genes 
involved in cell cycle and mitosis (GO terms: “Cell division” p=1.1E-9; “Cell 
cycle phase” p=6.7E-9; “Cell cycle process” p=1.5E-8;”Mitosis” p=3.3E-7; etc.) 
and mithocondrial oxidative phosphorylation (“electron transport” p=5.5E-
6; “mitochondrial electron transport” p=5.4E-5). The “oxidative phosphor-
ylation” pathway was significantly up-regulated in high IMT (p=1.8E-8), 
followed by the cell cycle pathway (p=3.6E-5). Since age was independently 
correlated with IMT by multivariate linear regression analysis, we repeated 
transcriptomic analysis after adjusting IMT by age. After age-adjustment, 
IMT values resulted significantly correlated with the same gene groups and 
pathways with a higher level of significance. An increase in transcription of 
oxidative phosphorylation genes resulted the bio-signal most strongly cor-
related with age-adjusted IMT values (p=6.4E-12).
Conclusion: In conclusion, the presence of vascular damage (as assessed 
by increased IMT) is associated with a significantly different transcriptomic 
profile in PBMCs of healthy volunteers. The over-expression of several genes 
related to the mitochondrial oxidative and cell cycling processes appears to 
be the main bio-signature of high IMT. An activated phenotype is therefore 
already visible in inflammatory cells of apparently healthy young adults in 
presence of high IMT values.
Co-funded by EU project “Multi-Knowledge” (FP6-IST-2004-027106)

1300
A novel role for p53 in the regulation of oxidative stress in vascular cells 
in response to glucose fluctuation
B. Schisano, C. Radford, A. Harte, G. Tripathi, P. McTernan, A. Ceriello; 
CSRI, University of Warwick, Coventry, United Kingdom.

Background and aims: Epidemiological data support the concept that post-
prandial oscillating and continuous high glucose levels represent independ-
ent risk factors for both cardiovascular and diabetic microvascular complica-
tions. Our group has recently shown that prolonged high glucose oscillation 
levels increases production of markers of oxidative stress in both in vivo and in 
vitro. However our previous data has also noted that key antioxidant enzymes 
(Zn-Cu SOD, MnSOD), were over expressed during exposure to chronic high 
glucose, whilst unaffected during chronic oscillating high glucose exposure 
even if we found, in this condition, higher level of nitrotyrosine, a marker of 
oxidative stress. Parallel to this hyperglycaemia induced stress shown also to 
activate the pro-apoptotic transcriptional factor p53, which has been report-
ed to counteract the Nrf2-induced transcription of the ARE-containing pro-
moters of key antioxidant genes. In order to explain the reported increased 
damage in response to oscillating as compared with continuous high glucose 

we investigated: (1) the activation of p53, (2) Nrf2 antioxidant response, (3) 
and their cross-talks in endothelial cells exposed to chronic continuous and 
chronic oscillating glucose levels, also by using cyclic pifitherin alpha, a p53 
transcriptional inhibitor.
Materials and methods: Human endothelial cells (HUVECs) were exposed 
to high glucose media (30 mmol/l) with or without Cyclic Pifitherin alpha 
(100nM) for 12 hours (hr); for constant vs chronic oscillating hyperglycaemia 
experiments. HUVECs were grown for 3 weeks either in 5 mmol/l glucose, 
with 25 mmol/l mannitol for osmolarity normalisation (control), or in 30 
mmol/l glucose or alternating 12 hr in normal glucose with 12 hr in high 
glucose (30 mmol/l). Protein expression analysis was conducted by Western 
blotting, gene expression analysis by Real Time PCR.
Results: HUVEC cells exposed to high glucose for 12 hr, with or without 
p53 inhibitor, significantly up-regulated p53 protein levels in a time depend-
ent manner compared with control (Control: 1.0±0.0; p53 Protein, 6hr: 
1.4±0.1ODU*; p53 Protein, 12hr: 2.0±0.2ODU*; *P<0.05). Similarly, findings 
were noted with TIGAR, a p53 induced gene product, protein expression, 
in absence of inhibitor; whilst TIGAR expression was unaffected with p53 
inhibitor (p53 InHBr) compared to control. Whilst, in contrast, to TIGAR the 
antioxidant HOX-1 protein, had a pronounced up-regulation in the presence 
of the inhibitor at 12 hr (HOX-1/p53InHBr, 12hr: 1.5±0.2ODU↑*; Vs HOX-
1, 12hr: 1.1±0.1ODU). mdm2 a p53 feedback inhibitor, mRNA levels, in the 
presence of high glucose, were significantly up-regulated at 9 and 12hr com-
pared with controls (control Vs mdm2 mRNA 9hr: 2*fold increase; control 
Vs mdm2 mRNA, 12 hr: 3*fold increase;). Finally, TIGAR was significantly 
up-regulated after 3 weeks of oscillating glucose compared with constantly 
high glucose or control (TIGAR OSC 2.5±0.3* OD units vs TIGAR HG 1.4 
±0.2* OD units).
Conclusion: In summary, high glucose induces a p53 mediated intracellular 
response that limits the induction of Nrf2 antioxidant genes such as HOX-1. 
The delay of p53 feedback inhibiton may have a crucial role in determin-
ing the pattern of p53 regulation. As such this delay may account for p53 
overactivation in oscillating glucose that may compromise Nrf2 antioxidant 
activity and therefore may lead to a more detrimental condition compared 
with constant high glucose.
Supported by: Novo Nordisk

1301
Impact of glyoxalase 1 knock down on the heat shock protein expression 
T. Gawlowski, B. Engelbrecht, Y. Mattern, D. Tschoepe, B. Stratmann; 
Diabetes Center, Heart and Diabetes Center NRW, Ruhr-University 
Bochum, Bad Oeynhausen, Germany.

Background and aims: Hyperglycaemia plays an important role in the patho-
genesis of diabetic complications including accumulation of methylglyoxal, a 
highly reactive α-dicarbonyl metabolite of glucose degradation pathways and 
increased generation of advanced glycation endproducts (AGEs). Both AGEs 
and methylglyoxal contribute to the development of different pathological 
processes such as kidney dysfunction, retinopathy or cardiovascular disease. 
Methylglyoxal reacts in a non-enzymatic reaction with arginine residues of 
proteins to form the AGEs argpyrimidine and hydroimidazolone. In different 
cell lines but also in human myocardial tissue heat shock protein 27 (HSP27) 
was found to be the major argpyrimidine-containing protein. Furthermore, 
methylglyoxal is involved in regulation of different genes by modification of 
distinct transcription factors like mSin3A and Yap1.
Materials and methods: The rat cardiomyoblast cell line H9c2 was transfect-
ed with glyoxalase 1 (GLO1)-specific siRNA. The impact of the GLO1 knock 
down on the expression of HSP27 and HSP70 was analysed by immunoblot-
ting and quantitative real-time PCR. Moreover, we investigated the effects of 
the knock down on the actin cytoskeleton by fluorescence microscopy and on 
apoptosis and oxidative stress by flow cytometry.
Results: To exclude an unspecific reaction of the siRNA we used scrambled 
siRNA as control and two GLO1 siRNAs, which were completely different in 
sequence. The GLO1 knock down using both specific siRNAs resulted in de-
creased expression of HSP27 on protein and mRNA level. There was no effect 
on the HSP70 expression. Furthermore, downregulation of GLO1 resulted 
in disruption of the actin cytoskeleton and increased apoptosis. It could be 
excluded that these observations are induced by oxidative stress, because the 
control siRNA also induced oxidative stress without any effects on cytoskel-
eton, apoptosis, and HSP27 expression.
Conclusion: It is already known that increased levels of methylglyoxal result 
in formation of reactive oxygen species. Results of the present study demon-
strate that besides the oxidative stress, methylglyoxal induces a downregula-
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tion of the anti-apoptotic and anti-oxidative protein HSP27. Further experi-
ments are needed to explain the mechanism by which methylglyoxal affects 
the HSP27 expression.
Supported by: Faculty of Medicine of the Ruhr-University Bochum

PS 123 Cardiovascular disease - 
epidemiology and detection
1302
Cardiovascular mortality in subjects with type 2 diabetes and in 
nondiabetic subjects with a first episode of myocardial infarction in 
southern Europe
J.A. Flores1, J.F. Cano1,2, J.M. Baena3, J. Franch4, J. Vila2, J. Sala5,  
J.J. Chillarón1, S. Tello2, R. Elosua6, J. Marrugat2; 
1Endocrinology and Nutrition, Hospital Universitario del Mar, Barcelona, 
2Grupo de Epidemiología y Genética Cardiovascular ( ULEC-EGEC), 
Institut Municipal de Investigació Médica, Barcelona, 3Fundación Jordi Gol i 
Gurina, Primary Health Care Center La Marina, Barcelona, 4Primary Health 
Care Center Raval Sud, Red GEDAPS, Barcelona, 5Cardiologia, Hospital 
Josep Trueta, Girona, 6CIBER-Epidemiología y Salud Pública, Institut 
Municipal de Investigació Médica, Barcelona, Spain.

Background and aims: Cardiovascular risk in type 2 diabetes (DM2) patients 
is still controversial. Several authors suggest that DM2 is a coronary heart dis-
ease (CHD) equivalent while others disagree. No reports on this subject have 
been published in southern Europe. Aims: Primary objectives: To compare 
mortality rates from all causes, coronary , cardiovascular and stroke, and the 
incidence of myocardial infarction (MI) and unstable angina between groups 
under study. Secondary objectives: to evaluate cardiovascular risk in diabetic 
subjects stratified by diabetes duration (> or < 8 years), diabetes treatment 
(diet, oral drugs, insulin) and baseline glycemic control (HbA1c > or <7%).
Patients and methods: A cohort study was designed with a 10-year follow-up 
in Catalonia, north-eastern Spain. All patients included were aged between 
30 and 74. DM2 patient selection: 2260 patients were randomly recruited be-
tween 1993 and 1995 in 53 primary health care centers, serving a population 
of 982.567 adults. Patients with prior CHD events were excluded. Previous 
MI patient selection: 2150 patients were recruited between 1990 and 2003 
in the population-based REGICOR study. Only non-diabetic subjects with a 
first episode of MI were included.
Results:
Table 1. Adjusted Hazard ratio (HR) at 10-year for different cardiovascular 
endpoints

Type 2 Diabetes
N = 2260

Myocardial 
infarction
N = 2154

HR (95% CI)

All-cause death 289 (12.8%) 482 (22.4%)* 0.42 (0.35 - 0.50)
Coronary death 41 (1.8%) 206 (9.6%)* 0.12 (0.08 - 0.18)
Stroke death 24 (1.1%) 27 (1.3%) 0.64 (0.32 - 1.25)
Cardiovascular death 99 (4.4%) 280 (13.0%)* 0.21 (0.16 - 0.28)
Unstable angina 184 (8.1%) 145 (6.7%) 0.89 (0.68 -1.17)
Non-fatal MI 126 (5.6%) 175 (8.1%)* 0.67 (0.50 - 0.89)
Fatal or non-fatal MI 161 (7.1%) 349 (16.2%)* 0.35 (0.28 - 0.44)
Coronary Heart Disease † 296 (13.1%) 475 (22.1%)* 0.44 (0.37 - 0.53)
* p ≤ 0.001; † Unstable angina, fatal or non-fatal MI; All models are adjusted 
for sex, age, and baseline dyslipidaemia, hypertension and smoking status. 
In the different DM2 stratified groups, risk of CV death was increased with 
longer diabetes duration (>8 years HR: 0,29 <8years:HR:0,19, reference: 1: 
MI subjects) and in insulin/oral drugs treated patients (insulin-oral drugs: 
HR:0,34, diet:0,13, reference: 1: MI subjects). There were no statistical differ-
ences when comparing HbA1c groups (> o < 7%).

Conclusion: Patients with DM2 showed a lower incidence of cardiovascu-
lar events than patients with prior CHD. Type 2 diabetes duration and drug 
therapy, but not glycemic control, proved being important prognostic factors, 
however, the risk of cardiovascular events remains lower than in patients with 
first MI.
Supported by: Red HERACLES RD06/0009, FIS 94/0539, 96/0026-01, 
99/9342
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1303
Left-sided cardiac deterioration occurs especially in women with 
impaired glucose metabolism - an 8-year follow-up of The Hoorn Study
K. van den Hurk1, M. Alssema1, R.M.A. Henry2, O. Kamp3,  
C.D.A. Stehouwer2, Y.M. Smulders4, G. Nijpels1, W.J. Paulus5, J.M. Dekker1; 
1EMGO Institute for Health and Care Research, VU Medical Center, 
Amsterdam, 2Department of Internal Medicine, AZM Maastricht, 
3Department of Cardiology, VU Medical Center, Amsterdam, 4Department 
of Internal Medicine, VU Medical Center, Amsterdam, 5Department of 
Physiology, VU Medical Center, Amsterdam, Netherlands.

Background and aims: Patients with type 2 diabetes (T2DM) have an in-
creased risk of left-sided heart failure, but the underlying mechanisms remain 
controversial. Cross-sectional data of The Hoorn Study already showed signs 
of left-sided cardiac deterioration in T2DM, like increasing left ventricular 
(LV) mass and LV systolic and diastolic dysfunction. We investigated whether 
people with impaired glucose metabolism (IGM) or T2DM had more left-
sided cardiac deterioration than people with normal glucose metabolism 
(NGM) over an 8-year period.
Materials and methods: In the framework of the Hoorn Study, a population-
based cohort study of diabetes, 746 people, selected for glucose status, un-
derwent a 2D echocardiogram in 2000. At follow-up in 2008, 169 individuals 
with NGM (62% of the baseline participants), 91 with IGM (52%), and 121 
with T2DM (41%), mean baseline age 66 years had a second 2D echocardio-
gram. Differences in LV mass (grams), left atrial volume (ml, diastolic func-
tion) and LV ejection fraction (%, systolic function) were calculated. T-tests 
were performed to analyse differences compared to baseline. Linear regres-
sion analyses were performed to investigate differences in left-sided cardiac 
deterioration between groups of baseline glucose status, for men and women 
separately. Glucose status was determined by OGTT; WHO 2006 criteria 
were used.
Results: Left atrial volume and LV mass increased significantly in women, 
but not in men, with IGM (Table 1). No significant changes were found in 
left atrial volume and LV mass in men and women with NGM or T2DM. 
The LV mass increase in women with IGM remained significantly higher in 
IGM compared to NGM after adjustment for age, BMI, blood pressure, fast-
ing glucose, smoking, follow-up duration, use of antihypertensive and lipid 
lowering medication, prior CVD, wall motion abnormalities, and baseline 
value of the investigated cardiac outcome, but the increase in left atrial vol-
ume lost statistical significance after adjustment for these variables. Ejection 
fraction decreased significantly in all groups, but no differences in change 
were observed between groups of glucose status.
Conclusion: Left-sided cardiac deterioration occurs especially in women 
with impaired glucose metabolism. The absence of more left-sided cardiac 
deterioration in T2DM compared to IGM and NGM, in both men and wom-
en, may be the result of selective loss to follow-up in the T2DM group, and of 
aggressive risk factor treatment in T2DM patients.
Supported by: the Dutch Diabetes Research Foundation

1304
Association between bone mineral density and coronary atherosclerosis 
in patients with type 2 diabetes
S. Beer1,2, C.H. Saely1,3, G. Hoefle1,4, A. Vonbank1,3, P. Rein1,3, J. Breuss1,  
H. Drexel1,3; 
1VIVIT Institute, Feldkirch, Austria, 2Private University in the Principality 
of Leichtenstein, Triesen, 3Department of Internal Medicine, Academic 
Teaching Hospital Feldkirch, Austria, 4Department of Internal Medicine, 
Hospital Hohenems, Austria.

Background and aims: The association between low bone mass and an-
giographically determined coronary atherosclerosis in Patients with Type 2 
Diabetes is unclear.
Materials and methods: We enrolled 254 consecutive Patients with Type 2 
Diabetes undergoing coronary angiography for the evaluation of established 
or suspected stable coronary artery disease (CAD). Type 2 Diabetes was di-
agnosed according to WHO guidelines. BMD was assessed by dual X-ray 
absorptiometry. CAD was diagnosed in the presence of any coronary artery 
lumen narrowing at angiography, and coronary stenoses with lumen narrow-
ing ≥50% were considered significant.
Results: Of the total study cohort (mean age 67 ± 9 years) 36.2% (n=92) 
had osteopenia and 11.4% (n=29) had osteoporosis. Significant stenoses of 
coronary arteries were found in 65.4% (n=166). The prevalence of significant 
stenoses did not differ between patients with normal bone mass, osteopenia 
or osteoporosis (70.7%, 59.8% and 58.6%; ptrend = 0.173). This result did not 
change after multivariate adjustment for LDL cholesterol, HDL cholesterol, 
systolic and diastolic blood pressure, smoking, BMI, age and gender. Neither 
osteopenia (OR = 2.03 [95% CI 0.83-4.95], p = 0.118) nor osteoporosis (OR 
= 1.23 [0.50-3.00], p = 0.653) were associated with the presence of significant 
stenoses.
Conclusion: Low bone mass is not associated with the presence of significant 
coronary stenoses in patients with Type 2 Diabetes.

1305
The relationship of vascular calcification and bone mineral density with 
degree of albuminuria in type 2 diabetes 
D.K. Singh1, P. Winocour2, B. Summerhayes2, A. Viljoen3, S. Kaniyur4,  
S. Selvakumar5, K. Farrington1; 
1Renal, Lister Hospital, Stevenage, 2Diabetes and Endocrinology, QEII 
Hospital, Welwyn Garden City, 3Clinical Chemistry, Lister Hospital, 
Stevenage, 4Radiology, Lister Hospital, Stevenage, 5Vascular Surgery, Lister 
Hospital, Stevenage, United Kingdom.

Introduction: Cardiovascular disease is the most common cause of mortal-
ity in patients with diabetes. Vascular calcification is a major cause of arterial 
stiffness and may contribute to the progression of vasculopathy in diabetes. 
Vascular calcification has been studied extensively in diabetes patients with 
chronic kidney disease; however there is not enough information on vascular 
calcification in patients with normal renal function.
Aim: To investigate the relationship of vascular calcification and bone min-
eral density with varying degrees of albuminuria in patients with type 2 dia-
betes.
Research design and methods: 65 patients with type 2 diabetes with normal 
creatinine levels (serum creatinine < 125 µmol/l) were studied. 25 had no 

Table 1: Baseline values and mean changes (sd) in LV mass, left atrial volume and ejection fraction
Women Men
NGM IGM T2DM NGM IGM T2DM

LV mass (grams) Baseline 142.0 (29.3) 153.3 (40.7) 166.9 (36.0) 185.7 (47.4) 179.2 (53.8) 188.0 (63.3)
Mean change -0.3 (28.7) 17.8#** (43.6) 1.2 (40.6) 4.5 (39.7) 8.3 (53.0) 8.0 (59.9)

Left atrial volume 
(ml)

Baseline 41.5 (9.8) 41.0 (11.3) 47.0 (10.1) 47.1 (16.8) 47.3 (15.3) 52.2 (13.1)
Mean change -2.1 (14.6) 7.2#* (19.0) -0.5 (14.1) 2.1 (20.7) -0.8 (16.2) 0.5 (19.9)

Ejection fraction 
(%)

Baseline 64.5 (6.7) 64.7 (5.8) 61.0 (10.1) 62.0 (7.0) 61.9 (7.6) 58.5 (8.0)
Mean change -9.3# (12.6) -9.0# (11.6) -8.6# (9.5) -9.2# (9.5) -11.1# (9.0) -7.9# (10.2)

#Significant change from baseline to follow-up,
*Significantly more increase in IGM than NGM, only in crude analyses,
**Significantly more increase in IGM than NGM, in crude and adjusted analyses
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albuminuria (NA), 20 had microalbuminuria (MA) and 20 had dipstick posi-
tive proteinuria (P). An x ray of the foot was carried out along with a CT scan 
of the femoral, posterior tibial and dorsalis pedis arteries to assess the levels 
of calcification along with a DEXA scan to assess the bone mineral density 
(BMD) of the lumbar spine, hip and left heel. In addition, routine haematol-
ogy and biochemistry was carried out.
Results: The median Agatson calcification score in the left femoral artery in 
the NA, MA and P groups was 20, 134.5 and 260.4 respectively. The overall 
median score was 97.3. The proportion of patients with scores higher than 
the median was 32%, 55% and 65% (p = NS) in the NA, MA and P groups 
respectively. There was a significant correlation between calcification severity 
and degree of proteinuria (r = 0.251, p = 0.044). The foot x ray showed pres-
ence of calcification (based on scores of 0-4) in 36%, 30% and 45% (p=NS) 
in the three groups. There was a significant correlation between left femoral 
arterial calcification and lumbar spine BMD (r = 0.272, p = 0.034) and T score 
(r = 0.263, p = 0.040). The P group had longer duration of diabetes (13.4 years 
±9.7: p=0.014) as compared to NA (6.6±4.9). There was no difference in cal-
cification severity in the smoker and non-smoker groups. The groups did not 
differ in age, estimated creatinine clearance, serum creatinine, urea, HbA1c, 
Hemoglobin, serum calcium, parathyroid hormone and phosphate.
Conclusion: Vascular Calcification along with low bone mineral density is 
highly prevalent in Type 2 DM with normal creatinine levels. The prevalence 
of severe calcification increases with the degree of albuminuria. 
Supported by: Diabetes UK, Small Project Grant

1306
Pre-existing macrovascular disease and glycaemic control in patients 
with type 2 diabetes in Europe: a matched cohort study
A.Z. Fu1, Y. Qiu2, L. Radican2, D. Yin2, P. Mavros2; 
1Quantitative Health Sciences, Cleveland Clinic, Cleveland, 2Global 
Outcomes Research & Reimbursement, Merck & Co., Inc., Whitehouse 
Station, United States.

Background and aims: It is widely recognized that achieving specific glyc-
emic goals in patients with diabetes can substantially reduce morbidity. Given 
that pre-existing macrovascular conditions (MVC) increase the risk of diabe-
tes-related complications, adequate glycemic control is especially important 
for these high risk patients. The purpose of this study was to examine the 
degree of glycemic control among T2DM patients in EU.
Materials and methods: This is a matched cohort study based on a multi-
center, observational study with retrospective medical chart reviews of 
T2DM patients in Spain, France, UK, Norway, Finland, Germany, and Po-
land. Included patients were aged ≥30 years at time of diagnosis of T2DM, 
had added a SU or a TZD to failing metformin monotherapy (index date), 
and had pre-existing (i.e., with onset date prior to index date) MVC. A con-
trol cohort with T2DM but without pre-existing MVC was identified using 
1:1 propensity score matching. Logistic and linear regression analyses were 
applied to identify differences in glycemic control (HbA1c<6.5% yes/no 
and HbA1c level) by MVC during the follow up period, after controlling for 
baseline demographics, clinical information, and concurrent medication use. 
Robust variance estimator was used to correct for multiple observations per 
patient.
Results: Of the 453 patients with pre-existing MVC (cases) and eligible for 
inclusion, 64% were male, mean (SD) age and time from T2DM diagnosis 
was 64.5 (9.1) and 6.2 (5.3) years, respectively. The proportion of patients 
with pre-existing MVC with adequate glycemic control relative to controls 
during the 1st, 2nd, 3rd, and 4th years after index date was 20.7 vs. 28.2, 
19.3 vs. 26.5, 18.6 vs. 26.7, and 17.7 vs. 27.8 respectively. Patients with pre-
existing MVC were significantly less likely to have adequate glycemic control 
(Odds Ratio: 0.65; 95%CI 0.49-0.86), and had higher HbA1c levels by 0.12% 
(P=0.049) than controls after controlling for other potential confounding co-
variates. This study found that T2DM patients with pre-existing MVC tended 
to have poorer glycemic control than those without MVC.
Conclusion: We found that T2DM patients with pre-existing MVC tended to 
have poorer glycemic control than those without MVC. It may suggest that 
management of MVC might help reach the goal of adequate glycemic control 
for T2DM.
Supported by: Merck and Company, Whitehouse Station, USA

1307
Long-term cardiovascular and non-cardiovascular mortality in women 
and men with type 1 and type 2 diabetes mellitus: a 30-year follow-up in 
Switzerland
S. Allemann1,2, C. Saner1, M. Zwahlen2,3, E.R. Christ1, P. Diem1, C. Stettler1,2; 
1University of Bern, Division of Endocrinology, Diabetes and Clinical 
Nutrition, Inselspital, 2Institute of Social and Preventive Medicine, 
Univeristy of Bern, 3Research Support Unit at CTU Bern, University 
Hospital, Inselspital, Switzerland.

Background and aims: While several studies in Europe, the USA and Asia 
have documented an increased mortality in diabetic patients when compared 
with non-diabetic individuals, comparably little is known on the long-term 
mortality risk of diabetic patients in Switzerland. The present study assessed 
the 30-year mortality in a well defined cohort of type 1 and type 2 diabetic 
patients. A special focus was put on gender differences as well as on the time 
course of overall and cardiovascular mortality in diabetic patients compared 
with the general Swiss population.
Materials and methods: The present analysis is based on a 30-year follow-
up of the 533 patients (225 with type 1, 308 with type 2 diabetes) included 
into the Swiss Cohort of the WHO Multinational Study of Vascular Disease 
in Diabetes. Standardised mortality ratios (SMRs) for the entire follow-up 
were calculated by dividing the observed number of deaths by the expected 
number of deaths based on estimates from the general population. SMRs 
were separately computed for all-cause and cardiovascular mortality. The 
time course of SMRs between 1974 and 2005 was assessed by using a poisson 
regression model to compute annual SMRs.
Results: The study comprised 10,349 patient-years of follow-up with a low 
drop-out rate (6.6%). During the entire follow-up there were 352 deaths (138 
and 214 deaths in type 1 and type 2 diabetes, respectively). All-cause mortal-
ity was increased in diabetic patients compared with the general population 
(SMR [95% CI] 3.8 [3.5-4.3]), the standardised mortality ratio (SMR) being 
higher for type 1 compared with type 2 diabetic patients (4.5 [3.8-5.3] vs. 3.5 
[3.1-4.0], p=0.032). For cardiovascular and non-cardiovascular deaths SMRs 
were 5.6 (95% CI 4.8-6.6) and 2.7 (2.3-3.1) and did not differ according to 
type of diabetes. SMRs for all-cause and cardiovascular mortality were signif-
icantly higher in women compared with men in type 1 (p<0.05 and p<0.01) 
and type 2 diabetes (p<0.001 and p<0.01). In both types of diabetes, SMRs 
significantly decreased during the last two decades (p=0.004 and p=0.002).
Conclusion: Patients with type 1 and type 2 diabetes had an increased long-
term mortality compared with the general Swiss population. Excess mortality 
was higher in type 1 compared with type 2 diabetes and in women compared 
with men for both types of diabetes, but steadily decreased over the last two 
decades.
Supported by: Swiss National Science Foundation

1308
Global gene expression profiling displays a network of dysregulated 
genes in non-atherosclerotic arterial tissue from patients with type 2 
diabetes
V. Skov1, J.A. Funder2, S. Knudsen3, T.A. Kruse1, M.L. Hansen4,  
M.L. Jespersen5, J. Aagaard4, V.E. Hjortdal2, L.M. Rasmussen1; 
1Department of Biochemistry, Farmacology, and Genetics, Odense 
University Hospital, 2Department of Cardio-thoracic and Vascular Surgery, 
Aarhus University Hospital, 3Medical Prognosis Institute A/S, Hørsholm, 
4Department of Cardio-thoracic and Vascular Surgery, Odense University 
Hospital, 5Department of Pathology, Aarhus University Hospital, Denmark.

Background and aims: Generalized arterial alterations, such as endothelial 
dysfunction, medial matrix accumulations, and calcifications are associated 
with type 2 diabetes. These changes may render the vessel wall more sus-
ceptible to injury; however, the molecular characteristics of such diffuse pre-
atherosclerotic changes in diabetes are only superficially known.
Materials and methods: To identify the molecular alterations of the general-
ized arterial disease in type 2 diabetes, Affymetrix high-density oligonucle-
otide arrays were applied to examine gene expression changes in normal-ap-
pearing, non-atherosclerotic arterial tissue (arteria mammaria interna) from 
10 diabetic and 11 age-matched non-diabetic men scheduled for a coronary 
by-pass operation.
Results: Single gene analysis demonstrated a series of differentially regulated 
genes in diabetes related to endothelial and smooth muscle cell functions. 
In addition, global pathway analysis revealed differential expression of gene 
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sets representing matrix metabolism, triglyceride synthesis, inflammation, as 
well as hormonal and cytokine effects. Gene expression data were integrated 
with biological interaction networks and the results showed a significant clus-
ter of dysregulated genes coding for both intra- and extra-cellular proteins 
associated with several vascular cell functions. Quantitative real-time PCR 
validated key findings and demonstrated differential regulation of genes as-
sociated with diabetic arteriopathy.
Conclusion: Our results identify, at the mRNA level, the diffuse arteriopathy 
present in non-atherosclerotic arterial tissue in patients with type 2 diabetes. 
These abnormalities may play a role for the arterial response to injury and 
putatively for the accelerated atherogenesis among patients with diabetes.
Supported by: Novo Nordisk Foundation, Danish Diabetes Association, Danish 
Medical Research Council, A.P.Møller Foundation, Augustinus Foundation

1309
Genetic variation in cyclin dependent kinase inhibitor 2A/B is associated 
with the risk of coronary heart disease in type 2 diabetes in Chinese 
population
X. Ma1, X. Ma1, N. Gu1, Y. Lin2, X. Guo1; 
1Endocrinology, First Hospital, Beijing, 2Respiratory, First Hospital, Xiamen, 
China.

Background and aims: Cyclin dependent kinase inhibitor 2A/B (CDKN2A/
B) encode cyclin-dependent kinase inhibitors, as a cell growth regulator, 
playing an antiatherogenic role. This study investigated whether genetic vari-
ations in the CDKN2A/B genes mediating these effects affect the risk of coro-
nary artery disease (CAD) in type 2 diabetes.
Materials and methods: We selected total 7 haplotype-tagged single nu-
cleotide polymorphisms (SNPs) of CDKN2A/2B genes and genotyped 220 
CAD-positive and 89 CAD-negative subjects with type 2 diabetes by the 
polymerase chain reaction - restriction fragment length polymorphism ( 
PCR-RFLP ) assay or directly DNA sequencing to analyze the association of 
all the SNPs with CAD in the given population.
Results: The major allele G of SNP rs2811708 at CDKN2A locus was protec-
tive from CAD, with the carriers of genotype GG at lower risk of CAD com-
pared to non-carriers (OR = 0.476,p = 0.006,95%CI 0.281-0.808;OR* = 0.486, 
p *= 0.012, adjusted for sex, age and BMI).
Conclusion: Our findings indicated that rs2811708 at CDKN2A locus may 
be associated with decreased risk of CAD in type 2 diabetes in Chinese popu-
lation.

Association of SNPs at CDKN2A/2B loci with CAD in type 2 diabetics
SNP Genotype CAD

(220)
Non-
CAD
(89)

OR p CI OR* p* CI

CDKN2A-
rs2811708

GG
TX

117
104

62
26

0.476 0.006 0.281-0.808 0.486 0.012 0.277-
0.854

-rs3088440 GG
AX

177
43

66
21

1.310 0.373 0.724-2.371 1.284 0.433 0.688-
2.398

-rs3731237 TT
CX

167
52

62
22

1.140 0.657 0.640-2.030 1.338 0.341 0.735-
2.438

CDKN2B
-rs2285327 AA

GX
112
82

53
24

0.618 0.093 0.353-1.083 0.647 0.148 0.358-
1.167

-rs1063192 TT
CX

142
70

57
32

1.139 0.623 0.733-2.202 1.290 0.361 0.747-
2.228

-rs3217992 GG
AX

55
159

17
72

1.465 0.221 0.795-2.699 1.430 0.268 0.760-
2.690

-rs3217986 AA
CX

187
31

75
13

1.046 0.901 0.519-2.107 0.967 0.931 0.459-
2.039

Supported by: National 973 Fund

1310
Subclinical functional impairment in the community-dwelling older 
adults with type 2 diabetes
S. Park1, Y. Lee1, S. Kim1, Y. Cho1, K. Huh2, J. Jeong3, O. Ryu3, M. Choi3,  
D. Kim3; 
1Department of Medicine, CHA University, Sungnam, 2Huh Diabetes 
Center, Seoul, 3Hallym University, Chuncheon, Republic of Korea.

Background and aims: Type 2 diabetes is associated with a two to three fold 
increased risk of disability, loss of independency leading to frequent nursing 
home admissions in older adults. Interventions such as resistance exercise 
and amino acid supplementation may need to be implemented in early stages 
of disablement process to delay, stop or even reverse functional limitations. 
The aim of the study was to investigate whether community-dwelling non-
disabled older adults with type 2 diabetes have subclinical functional impair-
ments.
Materials and methods: We have examined 623 adults (men 43.3%, age; 
70.6 ± 8.7 yrs) living in Chuncheon, Korea from January to May in 2007. 
All subjects without previous diagnosed diabetes were taken 75g-oral glucose 
tolerance test (OGTT). Diabetes was defined by previous diagnosis or fasting 
plasma glucose ≥ 7.0 mmol/l or 2-h plasma glucose ≥ 11.0 mmol/l during 
an OGTT. Physical function was assessed by the “Health Aging and Body 
Composition Study Physical Performance Battery (H-ABC PPB)” which in-
cluded semi-tandem stance, tandem stance, singe leg stance, 6m usual walk, 
6m narrow walk within 20cm width, and repeated chair stand tests. Each test 
was scored from 0 to 3 by quartiles of results and then summed as an overall 
physical performance score which ranged from 0 to 12 with high score rep-
resents higher function.
Results: We have identified 159 subjects (25.6%) as having type 2 diabetes in-
cluding 77 (12.4%) subjects with previously undiagnosed cases. Older adults 
with type 2 diabetes showed lower balance score than those without diabetes 
(1.75 ± 0.89 vs. 2.00 ± 0.87, p=0.002) mainly due to poor performance in sin-
gle leg standing test. In fact, there were no differences in the performance on 
the semi-tandem stance and tandem stance in regard to diabetes. Although 
6m general walking speed was not slowed in older adults with diabetes (0.89 
± 0.28 vs. 0.91 ± 0.26 m/sec, p=0.290), 6m narrow walking speed was de-
creased in those with diabetes compared with those without diabetes (0.87 
± 0.28 vs. 0.93 ± 0.26 m/sec, p= 0.028). Performance on the repeated chair 
stand test was not different between older adults with and without type 2 dia-
betes. The overall H-ABC PPB score was decreased in older adults with type 
2 diabetes (5.98 vs. 6.63, p=0.039). We have confirmed the results in gender 
stratified analyses as well (data not shown).
Conclusion: In community-dwelling apparently healthy nondisabled older 
adults, type 2 diabetes is associated with subclinical impairment in physi-
cal function. To identify those with early stage of disabling process, physical 
function test should include more demanding tasks such as single leg stand-
ing and narrow walking tests.
Supported by: Korea Research Foundation (KRF-2006-B00010)

1311
Glucose tolerance: association with high blood pressure and metabolic 
syndrome in Spanish population 
M.T. Martínez Larrad, C. Fernández-Pérez, C. Zabena, A. Corbatón,  
M. Serrano-Ríos; 
Diabetes and Lipids, Hospital Clínico San Carlos, Madrid, Spain.

Aim: to investigate the prevalence of high blood pressure (HBP) and its re-
lationship to categories of glucose tolerance and the Metabolic Syndrome 
(MS).
Design, methods: A Cross-sectional survey: 3827 participants,.54.3% fe-
males (F), 35 - 74 yrs. Anthropometric parameters: Body mass Index (BMI), 
Waist Circumference (WC), Blood Pressure (BP). Laboratory parameters: 
glucose tolerance (75g), Lipid Profile. Additionally: plasma insulin, Insulin 
resistance (IR) by HOMAIR. MS by IDF Criteria. HBP was classified by JNC 
(Joint National Committee) VII criteria: Normal Systolic Blood Pressure 
(SBP) <120 and Diastolic Blood Pressure (DBP) < 80 mmHg, Prehyperten-
sion SBP: 120-139 or DBP 80-89 mmHg; Stage 1 Hypertension: 140-159 or 
DBP 90-99 mmHg; Stage 2 hypertension ≥ 160 or DBP ≥ 100 mmHg.
Results: BP (median±SD) in the general population was systolic: 127±20 
mmHg, diastolic 79±11 mmHg. Overall prevalence of HBP was 30.3%; in 
males: 30.2% and in females: 30.5%. Prevalence of HBP in normo glycae-
mic subjects: 24.4%, impaired fasting glucose (IFG): 36%, impaired glucose 
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tolerance (IGT) 44.4%, diabetes mellitus (DM) 50.7%. The prevalence of IR 
was similar in both sexes except for individuals with IFG (in men, 35.4%; in 
women, 43.5%; p= 0.026). Overall prevalence of obesity was in NG, IFG, IGT, 
IFG/IGT and DM 22.8%, 33.3%, 38.1%, 32.5% and 46.5% respectively. Obese 
individuals were more insulin resistant than non-obese counterparts (23.7% 
vs. 8.5%, p< 0.001) across all categories of glucose tolerance: IFG (56.6% vs. 
30.7% (p< 0.001), IGT (37.5% vs. 19.8%, p= 0.010), and DM (72.1% vs. 60.9%, 
p= 0.037). In subjects with HBP the prevalence of metabolic syndrome was 
54.4% and IR (HOMAIR) 34 %. The prevalence of metabolic syndrome was 
higher in hypertensive women than in men for all categories of glucose toler-
ance, adjusted by age and obesity (BMI ≥ 30 Kg/m2). In a logistical regres-
sion model metabolic syndrome was associated with HBP in all categories of 
glucose tolerance but the biggest impact was Stage 2 hypertension in Diabetic 
patients, OR: 33.35 adjusted by obesity, sex and age (p<0.001).
Conclusion: a) HBP was associated with features of metabolic syndrome in 
general Spanish population, the association had a higher prevalence in wom-
en in all glucose tolerance categories (BMI and age adjusted) b) worsening of 
glucose tolerance was associated with increased prevalence of HBP c) level 
of glucose tolerance, obesity, sex were significantly correlated with HBP and 
metabolic syndrome.
Supported by: CIBERDEM, Madrid, Spain. Partial support: Educational Grants 
from Eli Lilly Lab, Bayer Pharmaceutical Co., Spain
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Elevated plasma homocysteine level predicts progression of 
atherosclerotic vascular disease in type 2 diabetic patients
M. Furuta1, A. Yamana1, S. Morita1, M. Ueyama1, H. Furuta2, K. Nanjo2,  
T. Sanke1; 
1Clinical Laboratory Medicine, 2The First Department of Medicine, 
Wakayama Medical University, Japan.

Background and aims: Diabetes is known as the major risk factor for athero-
sclerotic vascular disease and it directly affects prognosis of diabetic patients. 
Homocysteine (Hcy) is considered to take part in the development of athero-
sclerosis. To examine the relationship between the severity of atherosclerotic 
vascular disease in type 2 diabetes and Hcy, we evaluated plasma Hcy level, 
and compared them with three parameters of atherosclerosis (IMT:mean in-
tima-media thickness of common carotid artery, FMD:brachial endothelium 
dependent flow-mediated dilatation, BaPWV:brachial-ankle pulse wave ve-
locity).
Materials and methods: We recruited a total of 205 type 2 diabetic patients 
(96 men, 109 women) were included in the study. The mean age of subjects 
was 63.8±10.3 years (mean±SD), BMI was 23.4±3.8 kg/m2. Of the study 
population, 109 patients had hypertension (53.2%), 52 patients had athero-
sclerotic vascular disease (25.4%). Patients with reduced renal function (esti-
mated GFR < 60mL/min/1.73m2 ) were excluded from the study. Plasma total 
Hcy levels were measured by HPLC, and both IMT and FMD were assessed 
using B-mode ultrasonography. BaPWV was measured by a volume plethys-
mograph.
Results: Hcy levels were significantly elevated in patients with atheroscle-
rotic vascular disease when compared with patients without vascular disease 
(10.52 vs 8.94 μmol/L, p<0.01). Hcy levels were associated with IMT (p<0.01), 
FMD(p<0.05), whereas not associated with BaPWV. Multiple regression 
analysis showed that Hcy levels were independently predicted by IMT. We 
also followed IMT for two years in 66 patients individually. It revealed that al-
teration of IMT in patients with high Hcy levels were progressively increased 
during two years compared with patients with normal Hcy levels (0.09 vs 
0.04mm, p<0.01) respectively.
Conclusion: Our results indicate that the elevated Hcy level in Japanese 
patients with type 2 diabetes is characterized by vascular endothelial dys-
function and increased vascular thickness. Furthemore, IMT predicts Hcy 
independently on multiple regression analysis. Our results also indicate that 
high Hcy level could accelerate vascular thickness. These results imply that 
homocysteine is a reliable biomarker for atherosclerotic vascular disease of 
type 2 diabetic patients.

1313
Screening the asymptomatic diabetic patients for coronary artery 
disease. Cardiac echography and N-Terminal Pro-B-Type natriuretic 
peptide measurement may independently help in cardiac risk assessment
E. Cosson, I. Pham, M. Nguyen, M. Pontet, A. Nitenberg, P. Valensi; 
AP-HP, Jean Verdier Hospital, Bondy, France.

Background and aims: Plasma N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) levels are associated with cardiac function and structure, myo-
cardial ischemia. BNP is expressed in human coronary plaques. High levels of 
NT-proBNP are also predictive of cardiac events (CE) and we hypothesized 
that resting echocardiography and plasma NT-proBNP levels could predict 
silent coronary artery disease (CAD) and CE in the diabetic population.
Materials and methods: Between 1998 and 2008, 517 asymptomatic patients 
with ≥1 additional cardiovascular risk factor but without heart failure were 
prospectively screened for silent myocardial ischemia (SMI), defined as an 
abnormal stress myocardial scintigraphy, and subsequently for significant 
(>70%) CAD on angiography. The 323 patients, with type 2 (n=306) or type 
1 diabetes for 13±7 years, with a feasible echocardiography and for whom 
NT-proBNP could be measured were selected; 233 of them were followed up 
for CE (cardiac death, acute coronary syndrome, cardiac failure, secondary 
revascularization procedure).
Results: The univariate correlates of CAD as compared with no SMI or SMI 
without CAD were NT-proBNP (166±507 versus 47±110 pg/ml, p<0.0001), 
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male gender (OR 2.4 [CI 95%: 1.1-5.1]; p<0.05), retinopathy (OR 2.0 [CI 
95%: 1.02-4.0]; p<0.05), peripheral occlusive arterial disease (OR 2.9 [CI 
95%: 1.3-6.6]; p<0.01), left ventricular (LV) systolic dysfunction (OR 12.6 [CI 
95%: 2.0-78.4]; p<0.001), dilatation (OR 3.7 [CI 95%: 1.2-11.3]; p<0.05) and 
hypertrophy (OR 2.8 [CI 95%: 1.3-6.0]; p<0.05), with a trend for hypokinesia 
(OR 2.5 [CI 95%: 0.9-7.3]; p=0.084), for lower body mass index (28.7±4.2 
versus 30.6±6.2 kg/m², p=0.06) and for nephropathy (OR 1.8 [CI 95%: 0.9-
3.5]; p=0.095). The following parameters were entered into a multiple logistic 
regression analysis including silent CAD as a dependent variable: NT-proB-
NP ≥38 pg/ml (third tertile), age, body mass index, gender, retinopathy, ne-
phropathy and peripheral occlusive arterial disease, LV systolic dysfunction, 
dilatation and hypertrophy, and hypokinesia. NT-proBNP ≥38 pg/ml (OR 
3.9 [95% CI 1.4-10.6]; p=0.008) and LV hypertrophy (OR 3.0 [95% CI 1.1-
8.0]; p=0.031) were independent predictors of silent CAD. The percentage 
of patients with NT-proBNP ≥38 pg/ml was significantly higher in the pa-
tients with CAD than in the ones without CAD irrespective of the presence 
of LV hypertrophy and type 1 transmitral flow. Nine cardiac events occurred 
within a follow-up duration of 3.0±1.6 years. CAD (Kaplan-Meier, adjusted 
Log rank 77.9, p<0.0001), NT-proBNP ≥38 pg/ml (Log rank 10, p<0.01) and 
their combination (no, one or both criteria: Log rank 46, p<0.0001) were pre-
dictive of CE.
Conclusion: NT-proBNP and LV hypertrophy independently predict CAD 
in asymptomatic diabetic patients without heart failure. CAD and NT-proB-
NP levels are the main predictors of CE.

1314
Association of lower limb artery intima-media thickness with three-
vessel or left main coronary artery disease
D. Zhang, Y. Mu; 
Department of Endocrinology and metabolism, Chinese PLA General 
Hospital, Beijing, China.

Background and aims: To examine the association between carotid and low-
er limb artery intima-media thickness (IMT) and occurrence of three-vessel 
or left main coronary artery disease (CAD) in type 2 diabetic patients.
Materials and methods: 100 type 2 diabetic patients who underwent coro-
nary angiography for suspected CAD received B-mode ultrasound scanning 
of the common carotid, internal carotid, external carotid, carotid bifurcation, 
common femoral, superficial femoral, deep femoral, popliteal, anterior tibial 
and dorsal pedal artery for measurement of IMT. IMT values of carotid and 
lower limb system were expressed as mean values of both sides. CAD extent 
was evaluated by the number of diseased vessels and by Gensini score, a com-
puterized scoring system of CAD severity.
Results: Mean IMT of the superficial femoral, deep femoral, popliteal, ante-
rior tibial, and dorsal pedal artery were significantly higher in subjects with 
3-vessel or left main CAD compare control subjects (P<0.05). Also, 3-vessel 
CAD group has lower high density cholesterol (HDL) level (p=0.09) and more 
smokers (p=0.02) in univariate analysis. Mean levels of biomarkers such as C 
reactive protein (CRP), intercellular cell adhesion molecule-1 (ICAM-1), vas-
cular cell adhesion molecule-1(VCAM-1), plasminogen activator inhibitor-
1(PAI-1), and E-selectin were higher in 3-vessel CAD group, but did not gain 
statistical significance. Using multiple logistic regression analysis, two param-
eters were found to be independent predictors of 3-vessel or left main CAD: 
dorsal pedal artery IMT (OR 26.0; 95% CI 1.2 to 55.5; P=0.04), and smoking 
(OR 3.2; 95% CI 1.1 to 9.4; p=0.04). Dorsal pedal artery IMT predicted 3-ves-
sel or left main CAD with cutoff value 0.93mm (sensitivity 71.1%, specifity 
57.4%). In univariate analysis, dorsal pedal artery IMT (r=0.29; p=0.01) and 
course of diabetes (r=0.19; p=0.08) were correlated with Gensini score. The 
carotid bifurcation IMT had a weak correlation with Gensini score only in 
female patients(r=0.32; p=0.07). Dorsal pedal artery IMT was the only inde-
pendent parameter for predicting Gensini score (p=0.01).
Conclusion: Dorsal pedal artery IMT, course of diabetes were correlated 
with severity and extent of CAD. Dorsal pedal artery IMT and smoking were 
independent predictors of three-vessel or left main CAD in type 2 diabetic 
patients.

1315
Glibenclamide-related excess in total and cardiovascular mortality risks: 
data from observational cohort study
M.D. Khalangot1, M.D. Tronko2, V.I. Kravchenko1; 
1Epidemiology, 2Institute of Endocrinology and Metabolism, Kiev, Ukraine.

Background and aims: Negative cardiovascular effects of glibenclamide have 
been proven on experimental models however the CVD mortality risk had 
not been studied sufficiently.The aim of this study was to compare mortality 
risks among type 2 diabetes patients (T2D) being treated with either gliben-
clamide or gliclazide.
Materials and methods: Cross-sectional and cohort studies of national dia-
betes register were carried out. Oral antidiabetic drug (OAD) structure for 
2005 and 2007 was evaluated (31 569 and 164 388 T2D patients respectively). 
Age at the time of death among T2D in 2002 and 2007 was compared.Risk 
of total and cardio-vascular (CVD) mortality was evaluated in retrospective 
cohort of T2D that were treated with either glibenclamide (n=21 731), or gli-
clazide (n=3 630). Cox regression was used for multifactor evaluation. Haz-
ard Ratios (HRs) and 95% Confidence Intervals (95%CIs) were calculated.
Results: Age at the time of death for insulin-treated T2D had increased 
(p<0.001) by 1.54 (95% CI 0.81-2.26), and for OAD-treated by 6.27 (95% CI 
3.67-8.87) years, p<0.001. OAD structure for 2005 and 2007 had changed: the 
number of glibenclamide prescriptions had decreased (p<0.001):from 64.0% 
(95% CI 63.5-64.5) to 59.5% (95% CI 9.7-10.4), whereas the amount of gli-
clazide prescriptions increased (p<0.001): from 10.1% (95% CI 9.7-10.4) to 
13.4% (95% CI 13.3-13.6) respectively. Age, diabetes duration and gender-ad-
justed total and CVD death risks were higher (p<0.001) in the glibenclamide 
group: HR’s 2.57 (95% CI 1.73-3.82) and 2.93 (95% CI 1.83-4.71) respectively. 
Further adjusting (blood glucose, body mass index, and systolic blood pres-
sure) did not influence these results.
Conclusion: Glibenclamide treatment of type 2 diabetes is associated with 
much greater risk of all-cause and CVD mortality, comparing to gliclazide 
treatment. These results comply with recent trends of OAD structure and life 
span of T2D.
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1316
Characteristics and management of diabetic patients hospitalized for 
myocardial infarction in France 
P. Tuppin1, A. Neuman1, D. Simon2, W. Alain1, P. Ricordeau1, N. Danchin3, 
H. Allemand1; 
1CNAMTS, 2Hôpital Pitié-Salpêtrière, 3Hôpital Georges Pompidou, Paris, 
France.

Background and aims: To compare characteristics and management of dia-
betic and non-diabetic patients six months before, during, and six months 
after their hospitalization for a diagnosis of myocardial infarction (MI).
Materials and methods: All hospital admissions for MI in France from Janu-
ary to June 2006 were selected from the national hospital discharge database. 
Data on medications six months before and after hospitalisation for patients 
covered by the general health insurance scheme (70% of French population) 
were merged with the reimbursement information system. Diabetic patients 
were identified by at least two refunds for antidiabetic medications 6 months 
before or 6 months after hospitalisation for MI.
Results: Of the 14 007 patients included, 2 936 were diabetics (21.0%) and 
86.7% of them had antidiabetic medications before MI. After adjustment for 
sex and age, diabetics patients more frequently had cardiovascular medica-
tions (beta blockers, antiplatelet agents, statins, angiotensin-converting-en-
zyme inhibitors or angiotensin-receptor-blockers) before admission (11.2% 
vs. 4.2%, p<0.0001) and prior hospitalisation for stent implantation (3.9% 
vs. 2.2%, p<0.0001) than non-diabetics, suggesting higher prevalence of car-
diovascular disease history. During hospitalization and the following month, 
coronary angiography was used in a similar proportion of patients (32.9% 
vs. 32.0%), but angioplasty (58.1% vs. 61.5%, p=0.0001) and stent implanta-
tion (55.6% vs. 59.0%, p<.0001) were less frequently used, while coronary 
bypass surgery was more frequent (2.9% vs. 1.7%, p=0.0003) . During the 
six months after MI hospitalization diabetic patients had more admission for 
cardiovascular diagnosis (50.8% vs.43.9% p<.0001) and received more sec-
ondary prevention medications (66.4% vs. 61.2%, p<.0001). Six months af-
ter hospitalization, 93.8% of diabetic patients had anti-diabetic medications. 
They were more frequently treated by insulin only (16.5% 6 months before 
vs. 26.0% 6 months after) or associated with oral antidiabetic drugs (OAD) 
(12.2% vs. 17.7%). Frequency of diabetic patients treated with OAD only de-
creased (55.3% vs. 50.1%).
Conclusion: In keeping with current guidelines, diabetic patients sustaining 
an AMI get more frequent surgical revascularisation procedures, and fewer 
angioplasty procedures. After the acute stage, secondary prevention medica-
tions are used more often, and the use of antidiabetic medications increases 
with a marked rise in the use of insulin.

1317
Primary prevention medication use in patients with type 2 diabetes who 
present with an acute myocardial infarction in East London
P.G. Wright1, S. Antoniou1, R. DePalma2, J. Robson3, M. Rothman2; 
1Pharmacy, Barts and the London NHS Trust, 2Cardiology, Barts and the 
London NHS Trust, 3Tower Hamlets PCT, London, United Kingdom.

Background and aims: NICE guidance for the treatment of type 2 diabetes 
states that patients are considered at high risk of CVD unless all of the follow-
ing criteria are meet: not overweight (with risk stratified according to ethnic 
group), normotensive (<140/80 mmHg in the absence of antihypertensive 
therapy), no microalbuminuria, non smoker, does not have a high-risk lipid 
profile, has no history of cardiovascular disease and has no family history of 
cardiovascular disease. Those at high risk of CVD should be considered for 
statin and aspirin therapy depending upon a patients age and additional risk 
factors. The aim of this study is to assess the use of cardiovascular disease 
(CVD) primary prevention medication in patients with established type 2 
diabetes diagnosed with an acute myocardial infarction (AMI) in accordance 
with national guidelines.
Materials and methods: Data was collected prospectively for 8 months (1st 
February to 3rd October 2008). Use of statins and aspirin for primary pre-
vention in patients with type 2 diabetes admitted to a regional angioplasty 
centre with a final diagnosis of AMI were assessed on admission. During the 
8 month data collection period, 573 patients were admitted with a final diag-
nosis of AMI, 103 patients had type 2 diabetes of whom 78 had no previous 
history of MI. The pre-admission medication of these patients were assessed 
and compared to national guidance.
Results: In patients with type 2 diabetes admitted with an AMI, primary pre-
vention with statins and aspirin therapy was used in 48/78 (61%) and 31/78 
(40%) respectively. At least 1 additional risk factor for CVD was present in 
74/78 (95%) of patients. Those not taking a statin had a mean of 1.6 (+1.1) 
additional CVD risk factors and those not taking aspirin a mean of 2.0 (+1.1) 
additional risk factors.
Conclusion: These data suggest under use of statin and aspirin therapy for 
primary CVD prevention in patients with type 2 diabetes admitted with an 
AMI when compared to NICE guidelines for primary prevention. Further 
work is required to identify barriers to prescribing and implement solutions 
to improve use of primary prevention medication in patients with type 2 dia-
betes.

1318
Specialist multidisciplinary clinics for diabetes patients with suspected 
and known coronary disease are effective at reducing cardiovascular risk
R.T. Lumbers1, R. Rampat1, S. Gallagher1, A.C. Qureshi2, S. Williams1,  
A. Kapur1,2; 
1Newham General Hospital, 2Barts and the London NHS Trust, London, 
United Kingdom.

Background and aims: Diabetic patients have cardiovascular mortality rates 
comparable to those of non-diabetic patients with prior myocardial infarc-
tion. We have established specialist diabetic coronary disease clinics provid-
ing rapid investigation and treatment of patients with known and suspected 
coronary artery disease (CAD). Our specialist nurse provides lifestyle advice 
and risk factor modification in a model similar to that established in cardiac 
rehabilitation. The presentation of CAD is frequently atypical, complicating 
risk stratification on the basis of history alone and we therefore have a low 
threshold for functional imaging and invasive investigation of patients.
Methods: We conducted a prospective study of patients referred to the DCD 
clinic with known and suspected CAD between October 2006 until October 
2008. Our DCD specialist nurse provided lifestyle and risk factor modifica-
tion advice under medical supervision. Follow up was provided up to a total 
of 3 appointments or for a maximum of one year. Patients were assessed by 
cardiologists and followed established pathways of investigation. The 10-
year coronary heart disease risk was calculated using the United Kingdom 
Prospective Diabetes Study (UKPDS) Risk Engine was used as the surrogate 
outcome measure. The scores were recorded at the first consultation and on 
discharge from nurse led follow up.
Results: A total of 233 new patients attended the clinic during the study pe-
riod and were followed up for up to one year. Significant (p<0.001) reductions 
were recorded in systolic blood pressure 137.7(±22.8) mmHg to 129.4(±19.6) 
mmHg, total cholesterol 4.45(±1.14) mmol/l to 4.09(±1.08) mmol/l, LDL 
2.42(±0.98) mmol/l to 2.11(±0.90) mmol/l and HbA1C 8.30(±1.72)% to 
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7.87(±1.43)%. Smoking prevalence was reduced from 10.7% to 6.34%. 
Overall, 10-year predicted risk of CHD was reduced from 20.4% to 16.0% 
(p<0.001).
127 of the patients seen had no past cardiac history of CAD and 74% of pa-
tients presented with atypical symptoms of angina. Exercise tolerance testing 
was only possible in 45% (57/127) of patients and resulted in a definitive di-
agnosis in only 12% (15/127). Despite this a total of 41% (53/127) of patients 
in the study group underwent coronary angiography. 42 patients had demon-
strable CAD and 24 of these had obstructive disease for which revascularisa-
tion procedures were performed in 13 patients.
Conclusion: The study demonstrates that specialist multidisciplinary clinics 
with nurse led risk factor and lifestyle modification are highly effective at 
reducing cardiovascular risk in diabetic patients with known and suspected 
coronary artery disease. There is a strong case for the widespread adoption 
of this model as part of a strategy to improve outcomes. In addition, our data 
highlight the limited value of exercise ECG testing and highlight the impor-
tance of having a low threshold for functional imaging or angiography.

1319
The predictive value of diabetes mellitus for the presence and severity 
of angiographically established coronary artery disease and correlation 
with specific angiographic findings
C.C. Koliaki1, E. Sanidas2, N. Dalianis2, D. Papadopoulos2, I. Kolovou1,  
D. Panagiotakos3, V. Votteas2, N. Katsilambros1; 
1Eugenidion University Hospital, Medical School of Athens, 2Department of 
Cardiology, Laiko General Hospital, 3Department of Dietetics and Nutrition, 
Harokopio University, Athens, Greece.

Background and aims: Diabetes mellitus is a well established cardiovascular 
risk factor of major prognostic significance for patients with coronary artery 
disease (CAD). However, its exact relation to the angiographically assessed 
anatomic extent of coronary atherosclerosis has not been conclusively de-
lineated. In the present study, we aimed to evaluate the association between 
diabetes and specific coronary angiographic findings in a large unselected 
population of catheterized patients.
Materials and methods: The study included 1228 subjects (290 female, 938 
male, mean age 64±11 years) who consecutively underwent diagnostic coro-
nary angiography in our Catheter Laboratory for a variety of clinical indica-
tions. We compared the prevalence of diabetes between the CAD negative 
group and the groups with angiographically significant (>50%) narrowing of 
one, two and three coronary arteries and explored the relationship between 
diabetes and specific angiographic characteristics of the participants, such as 
the number of vessels affected and the selective atherosclerotic involvement 
of every single major coronary artery.
Results: In our cohort, diabetes was prevalent in 348 subjects (28.3%) and 
increased the likelihood of positive angiographic findings by approximately 
two-fold (Odds Ratio=2.17, p<0.001), establishing an intermediate predic-
tive utility between dyslipidemia (Odds Ratio=3.34) and hypertension (Odds 
Ratio=1.65). Comparing the prevalence of diabetes among groups with 0, 1, 2 
and 3 stenosed vessels, diabetes was found to correlate well with CAD severity 
(p<0.001), but not as strongly as smoking and dyslipidemia. The observed dif-
ferences were statistically significant, when comparing the no stenosis group 
with double- and triple-vessel disease groups. Diabetes was also positively as-
sociated with significant obstructive lesions in left anterior descending artery 
(p<0.001), left circumflex (p=0.001), right coronary artery (p=0.02) and left 
main coronary artery (p=0.011). Concerning left main stem, diabetes was 
recognised as the only conventional risk factor that could reliably and inde-
pendently predict significant left main stem angiographic alterations.
Conclusion: In the considerably large cohort of our study, diabetes proved to 
be a less important predictor of angiographic ischemic heart disease and de-
terminant of CAD severity, compared with other traditional risk factors such 
as smoking and lipid disorders. However, the superiority of diabetes in terms 
of predicting angiographically significant left main stem disease is strongly 
emphasized.

1320
Patients with systemic atherosclerosis and type 2 diabetes show elevated 
levels of adipocyte fatty acid binding protein compared to those with 
normal glucose metabolism
C. Hoebaus1, F. Hoellerl1, T. Hoertenhuber1, A. Steffan1, M. Grujicic1,  
G. Schernthaner2, R. Koppensteiner1, G.H. Schernthaner1; 
1Angiology, Medical University of Vienna, 2Medicine I, Rudolfstiftung 
Hospital, Vienna, Austria.

Background and aims: Peripheral arterial occlusive disease (PAOD) caused 
by lower-extremity atherosclerosis is found more frequently among people 
with type 2 diabetes mellitus (T2DM). The co-occurrence of PAOD and 
T2DM leads to higher complication and mortality rates. Recently, animal 
models revealed an involvement of adipocyte fatty acid binding protein 
(AFABP) in atherosclerosis. Furthermore, AFABP levels seem to predict 
T2DM development.
Materials and methods: In this study we investigated AFABP serum levels in 
253 patients consisting of 85 female and 168 male patients with PAOD Fon-
taine stage I or II. An oral glucose tolerance test (oGTT) was performed to as-
sess a possible influence of the patients’ glucose metabolism on AFABP levels. 
AFAB was obtained by a commercially available ELISA (BioVendor Labora-
tory Medicine, Modrice, Czech Republic). Inter-assay coefficient of variation 
(CV) was 6.5%, and intra-assay CV was 2.9%. Statistical analyses were done 
with students’ unpaired t-test, correlation analysis and multivariate regres-
sion modeling as appropriate. Left-skewed data were lg10 transformed be-
fore analysis in order to render the distribution normal for parametric tests. 
Normal data are given in mean±STD, non-parametric data as median (25; 
75 percentile).
Results: After oGTT testing, 72 patients were classified as normal glu-
cose tolerant (NGT), 45 patients had impaired fasting glucose, 32 patients 
showed impaired glucose tolerance, 103 patients had overt T2DM. AFABP 
levels of PAOD patients were significantly higher in the T2DM group (31 
(23; 43) ng/ml) compared to the NGT group (26 (17; 37) ng/ml, p=0.006). 
Furthermore, female patients had significantly higher AFABP levels (36 (27; 
44) ng/ml) compared to men (26 (19; 37) ng/ml, p<0.001). In univariate cor-
relation analysis AFABP was positively associated with homeostatic model 
assessment - insulin resistance (beta=0.196; p=0.006), post-oGTT glucose 
(beta=0.150; p=0.018), body mass index (BMI) (beta=0.250; p<0.001), serum 
creatinine (beta=0.380; p<0.001), triglyceride (beta=0.158; p=0.012), alkaline 
phosphatase (beta=0.192; p=0.002), c-reactive protein (CRP) (beta=0.148; 
p=0.019), fasting insulin (beta=0.218; p=0.001) and post-oGTT insulin 
(beta=0.174; p=0.007). Multivariate regression modeling revealed a signifi-
cant independent positive association of BMI (beta=0.245; p<0.001) and se-
rum creatinine (beta=0.377; p<0.001) with AFABP levels. In addition, c-pep-
tide was measured in a subgroup of 53 male PAOD patients. In this subgroup 
AFABP levels correlated with post-oGTT glucose (beta=0.280; p=0.042), di-
astolic blood pressure (beta=-0.314; p=0.022), weight (beta=0.359; p=0.008), 
BMI (beta=0.445; p=0.001), serum creatinine (beta=0.673; p<0.001), alkaline 
phosphatase (beta=0.288; p=0.037), CRP (beta=0.342; p=0.012), fasting in-
sulin (beta=0.342; p=0.012), post-oGTT insulin (beta=0.491; p<0.001), fast-
ing c-peptide (beta=0.278; p=0.044) and post-oGTT c-peptide (beta=0.493; 
p<0.001).
Conclusion: Higher AFABP levels were found in patients with diabetes com-
pared to non-diabetic patients in severe systemic atherosclerosis. Further-
more, multivariate regression modeling revealed an independent association 
of AFABP with BMI and serum creatinine in PAOD patients.
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The impact of different types of glucose metabolism disorders on long-
term outcome after an acute coronary syndrome
P. Konstantinopoulos1, A. Koutsovasilis1, M. Stathatos1, A. Nikolaou1,  
G. Koukoulis2, I. Skoularigis2, S. Foussas3, A. Melidonis1; 
1Diabetes Center, Tzanio General Hospital of Piraeus, 2Cardiology, Larissa 
University Hospital, 3Cardiology, Tzanio General Hospital of Piraeus, 
Greece.

Background and aims: Acute Coronary Syndrome (ACS) patients’ glycemic 
profile is a crucial outcome factor while admission glucose and in-hospital 
hyperglycemia during the first days after admission or during the entire ACS 
hospitalization affect patient outcome after ACS. The aim of this study is to 
evaluate the impact of glucose metabolism disorders and glucose values (on 
admission, fasting, postprandial and mean values of glucose during hospitali-
zation) on first year outcome.
Materials and methods: 520 patients who were admitted to the coronary 
care unit and discharged from February 2006 through October 2007 were 
included in this longitudinal, prospective, observational, unicenter study. 
First-year end points were: death (of cardiovascular cause), myocardial in-
farction, cardiac failure (clinical and echocardiographic determination) and 
unstable angina after hospitalization. Non-diabetic patients went through an 
Oral Glucose Tolerance Test (OGTT) one month after discharge and IGTs 
were categorized. To evaluate the impact of different types of glucose me-
tabolism and glucose measurements on first-year complications after the 
ACS incidence, separate logistic regression models were performed for each 
measurement.
Results: Diabetes was previously diagnosed (Group A) in 152 (29.2%) pa-
tients, newly diagnosed (Group B) in 57 (10.9%) patients, an IGT (Group C) 
was observed in 110 (21.1%) patients while 201 (38.8%) were patients with 
normal glucose regulation (Group D). The incidence of one-year complica-
tions was 24.3%, 21.1%, 13.6% and 11.9% in groups A, B, C and D respectively 
(p=0.014). Concerning patient outcome during the first 12 months after ACS, 
group A showed the worst outcome (HR:2.66, 95%CI:1.234-5.135,p=0.001) 
followed by groups Β(HR:1.84, 95%CI:1.129-4.328,p=0.022) and C(HR:1.24, 
95%CI: 1.115-3.289,p=0.046), using group D as reference group after adjust-
ment for age, gender, smoking, waist circumference, HDL, triglycerides, total 
cholesterol, metabolic syndrome (NCEP-ATP III criteria) and hypertension. 
The HR for the one-year outcome for patients with admission glucose in the 
top quartile was 2.32 (95%CI: 1.358-4.678, p<0.001), 2.11 (95%CI:1.277-
5.023, p=0.001), 1.69 (95%CI:1.376-4.329, p=0.033) and 1.39 (95%CI:1.261-
3.679, p=0.046) for Groups A, B, C and D respectively compared to those 
in the bottom quartile. Among other glucose measurements, a statistically 
significant difference in outcome between upper and lower quartile was in 
fasting glucose for Group A [HR=1.88 (95%CI:1.341-5.237, p=0.026)] and 
Group Β [(HR=1.67 (95%CI: 1.461-5.673, p=0.039)], in postprandial glucose 
just for Group A [(HR=1.79 (95%CI:1.337-4.905, p=0.031)], and in the mean 
glucose values for Groups Α [(HR=1.61 (95%CI: 1.218-5.892, p=0.036)] and 
Β [(HR=1.47 (95%CI: 1.288-4.926, p=0.046)].
Conclusion: Patients with known diabetes mellitus have a worse long-term 
outcome after Acute Coronary Syndome compared with newly diagnosed 
and prodiabetes patients. Among different glucose measurements only ad-
mission glucose in ACS shows a more significant correlation with long-term 
outcome after an ACS even for normoglycemic patients. 

1322
Impact of different glucose values during hospitalization on one-year 
outcome after an acute coronary syndrome
A. Koutsovasilis1, F. Triposkiadis2, G. Koukoulis2, I. Skoularigis2,  
M.-P. Koukouli1, S. Foussas3, A. Melidonis1; 
1Diabetes Center, Tzanio General Hospital of Piraeus, 2Cardiology, Larissa 
University Hospital, 3Cardiology, Tzanio General Hospital of Piraeus, 
Greece.

Background and aims: Hyperglycemia on admission is common and as-
sociated with markedly increased in-hospital complication rates in patients 
hospitalized with acute coronary syndrome (ACS) with and without diabetes 

mellitus. Admission glucose represents only a single measurement in time 
while in-hospital hyperglycemia during the first days after admission or dur-
ing the entire ACS hospitalization period is obtained by the use of multiple 
glucose values. The aim of this study is to evaluate the impact of different 
glucose values (admission, fasting, postprandial and mean hospitalization 
glucose) for these patients’ first-year outcome.
Materials and methods: 520 patients were admitted to the coronary care unit 
and discharged February 2006 - October 2007 were included in this longi-
tudinal, prospective, observational, study. First-year end points were: death 
(of cardiovascular cause), myocardial infarction, cardiac failure (clinical 
and echocardiographic determination) and unstable angina after hospitali-
zation. Non-diabetic patients went through an Oral Glucose Tolerance Test 
one month after discharge and IGTs were categorized. To evaluate the im-
pact of different glucose measurements on first-year complications after the 
ACS incidence, separate logistic regression models were performed for each 
measurement. The accuracy of these logistic regression models in predict-
ing complications for the predetermined time period was assessed using the 
Receiver- Operating Characteristic (ROC) curves, and their respective areas 
under the curve (AUC).
Results: Diabetes was previously diagnosed (Group A) in 152 (29.2%) pa-
tients, newly diagnosed (Group B) in 57 (10.9%) patients, an IGT (Group C) 
was observed in 110 (21.1%) patients while 201 (38.8%) were patients with 
normal glucose regulation (Group D). The incidence of one-year complica-
tions was 24.3%, 21.1%, 13.6% and 11.9% in groups A, B, C and D respective-
ly (p=0.014). AUC of ROC curves for the probabilities of the logistic regres-
sion models (adjusted for age, gender, smoking, waist circumference, HDL, 
triglycerides, total cholesterol, metabolic syndrome (NCEP-ATP III) and hy-
pertension for the admission glucose was 0.697 (95%CI:0.565-0712,p=0.001), 
0.627 (95%CI:0.536-0.682,p=0.010), 0.601 (95%CI:0.524-0.679,p=0.022), 
and 0.578 (95%CI:0.502-0.657,p=0.049) for A, B, C and D Group respectively. 
AUC for the fasting glucose was 0.632 (95%CI:0.527-0.764,p=0.021), 0.581 
(95%CI:0.523-0.699,p=0.033), 0.522 (95%CI:0.484-0.640,p=0.124), 0.494 
(95%CI:0.414-0.574,p=0.580) for groups A, B, C and D respectively. Statisti-
cally significant AUC for the postpandial glucose was just for Group A [0.611 
(95%CI:0.588-0.722,p=0.033)], while significant AUC for the mean value of 
the glucose during hospitalization was 0.597 (95%CI:0.532-0.691,p=0.026) 
and 0.533 (95%CI:0.508-0.634,p=0.097) for Groups A and B respectively.
Conclusion: Admission glucose in ACS incidents shows a more significant 
correlation with first-year end-points even in normoglycemic patients. Other 
values do not have the same impact while prolonged hyperglycemia affects 
newly diagnosed as well as known diabetic patients. 

1323
Susceptibility to ischaemia-reperfusion injury in isolated human diabetic 
myocardium versus non diabetic
S. Lemoine, J.-L. Gérard, J.-L. Hanouz; 
Departement d’Anesthésie Réanimation, Laboratoire d’Anesthésiologie 
Expérimentale, Caen, France.

Background and aims: Results from a number of experimental studies us-
ing animal models of diabetes are inconsistent in sensitivity of the diabetic 
heart to ischemia-reperfusion injury, demonstrating no change, increased 
or decreased sensitivity to ischemia. These controversies may be explained 
by important differences in experimental models of diabetes mellitus, spe-
cies differences. However, important limitations of these experiments must 
be highlighted: it must be emphasized that glucose concentrations reported 
in these experimental studies are far greater (two- to three-fold higher) than 
those observed in diabetic patients. Consequently, the clinical relevance of 
experimental studies remains limited. Thus, studies on isolated human myo-
cardium obtained from diabetic patients may have importance. The aim of 
the present study was, in vitro, to examine the sensitivity of human diabetic 
myocardium to simulated ischemia reperfusion in comparison to non dia-
betic.
Materials and methods: After the approval of local medical ethics commit-
tee, right atrial appendages were obtained during cannulation for cardiopul-
monary bypass from patients (non diabetic (ND, n=9), with diabetes mellitus 
type 1 (insulin-dependent diabetes mellitus (IDDM), n=9) and type 2 (non-
insulin-dependent diabetes mellitus (NIDDM), n=9) scheduled for routine 
coronary artery bypass surgery and aortic valve replacement. The force of 
contraction (34°C, stimulation frequency 1 Hz) of human right atrial trabec-
ulae was recorded during 30-min hypoxia followed by 60-min reoxygenation. 
The results are expressed in % of baseline. The force of contraction (FoC) was 
compared (mean ± SD) between the groups by a variance analysis and post 
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hoc test. In these three groups, patient’s glycemia was measured in a blood 
sample taken at the time of obtaining of right atrial, and their glycemic con-
trol as measured by HbA1C.
Results: Hypoxia decrease the FoC in three groups; after 30 min of exposure 
to hypoxia the FoC is not significantly different in 3 groups: FoC was: 20 ± 
13% of baseline in ND group; 31 ± 13% in IDDM group (P=0.21 vs ND), and 
25 ± 14% in NIDDM group (P=0.16 vs ND; P=0.34 vs IDDM).
Reoxygenating resulted in a partial recovery of FoC, at the end of reoxygenation 
period, the FoC is not significantly different in 3 groups: 53 ± 5% in ND group; 
54 ± 6% in group IDDM (P= 0.29 vs ND), and 52 ± 10% in the group NIDDM 
(P=0.78 vs ND; P=0.18 vs IDDM). The glycemia and HbA1C of the patients were 
respectively: 5.2 ± 0.5 mM and 5.6 ± 0.5% in ND group; 8.2 ± 2.2 mM and 7.2 ± 
0.7% in IDDM group; 5.7 ± 0.6 mM and 7.0 ± 1.2% in NIDDM group.
Conclusion: The present results showed that, in vitro, human diabetic myo-
cardium has the same sensitivity to hypoxia-reoxygenation injury than non 
diabetic myocardium. However, it should be highlighted that HbA1C was 
comparable between groups, suggesting that glycemic control was good in 
the diabetic patients included in the study, contrary to the experimental stud-
ies using animal models of diabetes. We hypothesized that these results could 
be extended to patients with diabetes mellitus.
Supported in part by a grant from ALFEDIAM-LIFESCAN

1324
Newly diagnosed diabetes patients show worse short-term outcome 
compared to know diabetic and prodiabetic patients after an acute 
coronary syndrome
A. Kamaratos1, A. Koutsovasilis1, F. Triposkiadis2, A. Sereti1, I. Protopsaltis1, 
D. Athanasopoulos1, S. Foussas3, A. Melidonis1; 
1Diabetes Center, Tzanio General Hospital of Piraeus, 2Cardiology, Larissa 
University Hospital, 3Cardiology, Tzanio General Hospital of Piraeus, 
Greece.

Background and aims: Patients’ glycemic profile after an Acute Coronary 
Syndrome (ACS) is a crucial outcome factor determining complications dur-
ing hospitalization as well as after discharge, with known diabetic patients 
showing more in-hospital complications. The impact of different categories 
of glucose metabolism on patient outcome after discharge varies according to 
elapsed time after ACS. The aim of this study is to determine the prevalence 
of several categories of glucose metabolism in ACS patients, as well as the cor-
relation of these categories with the incidence of short-term complications.
Materials and methods: 520 patients mean aged 66.14±11.94 years who were 
admitted to the coronary care unit (CCU) and discharged from February 2006 
through October 2007 were included in this longitudinal, prospective, observa-
tional, study. First 30 days end- points were: death (of cardiovascular cause), myo-
cardial infarction, cardiac failure (clinical and echocardiographic determination) 
and unstable angina after hospitalization. Non-diabetic patients went through an 
Oral Glucose Tolerance Test (OGTT) one month after discharge and IGTs were 
categorized. Adjusted and unadjusted logistic regression analyses were carried 
out in order to find the correlation between the glycemic status of the patients and 
the incidence of complications during the first 30 days after their discharge.
Results: Out of the study’s 520 patients, diabetes was previously diagnosed 
(Group A) in 152 (29.2%) patients, newly diagnosed (Group B) in 57 (10.9%) 

patients, an IGT (Group C) was observed in 110 (21.1%) patients while 201 
(38.8%) were patients with normal glucose regulation (Group D). The in-
cidence of the first 30-days complications was 10.5%, 12.8%, 7.3% and 5% 
in groups A, B, C and D respectively (p=0.031). Regarding the patient out-
come after the first 30 days following ACS, group B had the worst outcome 
(HR:2.63, 95%CI: 1.122-4.476, p=0.001) followed by groups A (HR=2.41, 
95%CI:1.354-5.783, p=0.006) and C (HR=1.41, 95%CI:1.116-3.231 p=0.026), 
using group D as a reference group. The correlation of glycemic status after 
adjustment to age, gender, smoking, waist circumference, HDL, triglycerides, 
total cholesterol, metabolic syndrome (NCEP-ATP III) and hypertension 
was similar to that of the unadjusted model, with group B still showing the 
worst prognosis, (HR:2.15, 95%CI: 1.109-4.156, p=0.001), followed by groups 
Α (HR:1.87, 95%CI: 1.228-5.231, p=0.003) and C (HR:1.22, 95%CI: 0.976-
2.985, p=0.112), again using group D as a reference group.
Conclusion: Disturbed glucose metabolism is common among patients with 
ACS. Newly diagnosed diabetic patients with ACS show a worse short-term 
outcome compared to known diabetic patients due to the fact that those pa-
tients have diabetes that was neither appropriately recognized nor treated before 
hospitalization. Insulin therapy and the achievement of nornoglycemia improve 
outcome but hyperglycemic patients without known diabetes are much less like-
ly to be treated with insulin even when glucose levels are markedly elevated.

1325
Aortic stiffness as a risk factor for recurrent cardiovascular events in 
diabetic men with recent-onset ischaemic heart disease
D. Levisianou1, S. Foussas2, E. Adamopoulou2, A. Koutsovasilis1,  
E. Skopelitis3, T. Xenopoulou3, I. Skoularigis4, G. Koukoulis4,  
F. Triposkiadis4, A. Melidonis1; 
1Diabetes center, Tzanio General Hospital, Piraeus, 2Cardiology department, 
Tzanio General Hospital, Piraeus, 32nd department of Internal Medicine, 
Agios Panteleimon General Hospital, Nikea, 4Medical School, University of 
Thessaly, Larissa, Greece.

Background and aims: Aortic stiffness (AS) has been shown to correlate 
with the possibility of recurrence of coronary events in non-diabetic patients. 
However, its predictive value for cardiovascular morbidity in diabetic patients 
with ischaemic heard disease is not yet established. The aim of this prospec-
tive cross-sectional study was to test the hypothesis that estimating AS could 
predict cardiovascular morbidity in diabetic patients.
Materials and methods: One hundred consecutive diabetic men with no his-
tory of cardiovascular disease, admitted to the coronary care unit between 
February 2006 and June 2007, were evaluated at discharge for arterial stiff-
ness by calculating carotid-femoral pulse wave velocity (PWV). Routine bio-
chemistry was also obtained. Follow-up telephone interviews at 12 months 
after discharge assessed the primary endpoints: re-hospitalisation for any 
cardiovascular event (unstable angina, revascularization, myocardial infarc-
tion, stroke) or death. The independent sample t-test and chi-square test were 
used to compare parametric and non-parametric values of risk factors for 
cardiovascular disease between groups of those who developed a cardiovas-
cular event in 12 months and those who did not. Cox proportional hazard 
models were used to estimate cause-specific hazards of the end-points. To 
facilitate analysis, PWV values were divided into two halves, upper and lower. 
Statistical analysis was performed using SPSS 15.0.
Results: Mean age was 63.86±10.09 years, diabetes duration 11.93±9.64 
years, body mass index (BMI) 28.42±4.65 Kgr/m2, waist circumference 
105.81±11.77 cm, A1c glycaeted hemoglobin (HbA1c) 7.50±2.31 %, glucose 
at admission 166.95±52.04 mg/dl, total cholesterol (TC) 184.45±55.85 mg/dl, 
triglycerides 147.77±87.69 mg/dl, HDL-cholesterol 36.27±11.74 mg/dl, LDL-
cholesterol 83.99±62.99 mg/dl. Frequency of smoking was 36.7%, hyperten-
sion 58.8%, dyslipidemia 44%. Overall 12 cardiovascular events (unstable an-
gina: 6, myocardial infarction: 3, revascularization: 2, stroke: 1) and 2 deaths 
were recorded in the population during the 12 month period. Those in the 
upper compared to those in the lower half of PWV were older (68.22±7.18 
vs. 58.96±10.36 years, p<0.001), had a longer diabetes duration (13.6±10.43 
vs. 6.71±5.95 years, p=0.003), and had more increased TC (178.26±52.50 
vs. 216.66±56.7 mg/dl, p=0.025). No statistical significant differences were 
detected for waist, BMI, glucose levels, troponine I, HbA1c, triglycerids, 
HDL-C, proportion of those receiving a lipid lowering agent, frequency of 
hypertension and smoking. After adjustment for age, diabetes duration, TC, 
and smoking, PWV was independently associated with the risk for recurrent 
cardiovascular morbidity (hazard ratio=2.408, 95%CI=1.313-6.88, p=0.032).
Conclusion: Increased AS was associated with increased one-year risk for re-
current cardiovascular event in diabetic men, thus representing a useful and 
practical measure of cardiovascular morbidity in such patients. We propose 
that AS could be routinely used for risk stratification in the management of 
diabetic men after the first coronary event.

1326
The association between the -374T/A polymorphism of the RAGE 
gene and blood pressure and arterial stiffness is modified by glucose 
metabolism status. The Hoorn and CoDAM studies
L. Engelen1, I. Ferreira1, K.H.J. Gaens1, R.M.A. Henry1, J.M. Dekker2,  
G. Nijpels2, R.J. Heine2, M.M.J. van Greevenbroek1, C.J.H. van der Kallen1, 
E.E. Blaak3, E.J.M. Feskens4, H. ten Cate1, C.D.A. Stehouwer1,  
C.G. Schalkwijk1; 
1Department of Internal Medicine, Maastricht University Medical Centre, 
2Institute for Research in Extramural Medicine (EMGO), VU Medical 
Center, Amsterdam, 3Department of Human Biology, Maastricht University 
Medical Centre, 4Division of Human Nutrition, Wageningen University, 
Netherlands.

Background and aims: Receptor for advanced glycation endproducts 
(RAGE)-ligand interaction triggers signal transduction pathways, which may 
lead to vascular complications. Genetic variation in RAGE has been shown 
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to alter expression and/or activity of RAGE. In the present study, we investi-
gated whether RAGE single nucleotide polymorphisms (SNPs) were associ-
ated with markers of micro- and macrovascular disease among individuals 
without and with type 2 diabetes (DM2).
Materials and methods: Nine tag SNPs that cover the common RAGE gene 
variation were genotyped in 1291 individuals from 2 large population-based 
cohort studies in the Netherlands, aged 64.5±8.6 years, with normal glucose 
metabolism (NGM; 44%), impaired glucose metabolism (IGM; 23%) or DM2 
(33%). We used linear regression analyses to compare levels of blood pres-
sure, markers of atherosclerosis (i.e. carotid IMT and ankle-arm index), arte-
rial stiffness and renal function across genotypes, and examine effect modifi-
cation by glucose metabolism status.
Results: No consistent associations between RAGE SNPs and markers of 
micro- and macrovascular disease were found. However, the AA genotype 
of SNP -374 T/A (rs1800624) was consistently associated with lower systolic 
blood pressure (SBP) [-4.7 mmHg (95%-CI: -10.1; 0.7)], diastolic blood pres-
sure (DBP) [-4.0 mmHg (-7.0; -1.1)] and pulse pressure (PP) [-2.2 mmHg 
(-6.3; 1.9)], as well as with less arterial stiffness [-0.54 SD (95%-CI: -1.02; -
0.06)] in individuals with NGM, but with greater SBP [6.2 mmHg (0.9; 11.4)], 
DBP [2.0 mmHg (-0.9; 4.8)], PP [4.1 mmHg (0.5; 7.8)] and arterial stiffness 
[0.10 SD (-0.26; 0.47)] in individuals with IGM or DM2 (p for interaction 
≤0.05 in all analyses). Similar results were found for the haplotype that in-
cludes the -374A allele.
Conclusion: In individuals with NGM, the -374A allele of the RAGE gene is 
protectively, whereas in individuals with IGM or DM2 it is adversely associ-
ated with levels of blood pressure and arterial stiffness. These differences are 
currently unexplained, but may be related to differences in cellular expression 
of RAGE in response to hyperglycaemia.
Dr Ferreira is supported by a post-doc research grant from the Netherlands 
Heart Foundation

1327
Endothelial dysfunction and arterial stiffness in subjects with type 2 
diabetes mellitus
A.G. Daniele1, L. Ghiadoni2, R. Bruno2, L. Pucci1, D. Lucchesi1, E. Storti1,  
E. Russo1, C. Bianchi1, S. Taddei2, R. Miccoli1, S. Del Prato1, G. Penno1; 
1Endocrinology and Metabolism, 2Dept. of Internal Medicine, University of 
Pisa, Italy.

Background and aims: Arterial stiffness, recently proposed as an independ-
ent predictor of cardiovascular mortality, is regulated by a number of factors, 
including vascular tone. Diabetic subjects have both impaired endothelial 
function and increased stiffness of the large arteries. However, the relation-
ship between endothelial dysfunction and arterial stiffness has been poorly 
explored in type 2 diabetic (T2DM) patients.
Materials and methods: Therefore we have tested the hypothesis that en-
dothelial function independently affects aortic pulse wave velocity (PWV) 
in 39 subjects (18 men, 21 women) with T2DM (58±8 years old, diabetes 
duration: 12±8 years, BMI: 32.7±5.6 kg/m2, fasting C-peptide: 4.0±2.4 ng/ml, 
HbA1c: 8.3±0.7%).
Results: Endothelial function was measured as flow-mediated dilation 
(FMD) and sublingual nitroglycerin response (NTG) of the brachial artery. 
Carotid-femoral pulse wave velocity (PWV), and central augmentation index 
(Aix/HR75) were measured at rest by applanation tonometry (SphygmoCor). 
Time to reflection and central blood pressures were also obtained from pulse 
wave analysis. Central PWV correlated with age (r=0.33, p=0.04), BMI (0.53, 
p=0.001), waist circumference (r=0.45, p=0.05) and fasting blood glucose 
(r=0.41, p=0.01), but not with blood pressure parameters as estimated by 
24-hour ambulatory blood pressure monitoring (ABPM). PWV was close-
ly correlated with central BP parameters, but not with Aix/HR75 or NTG. 
FMD was inversely correlated with age (r=-0.46, p=0.004) and with 24-hour 
systolic and mean BP (r=-0.37/-0.42, p<0.05/=0.025, respectively), but not 
with central BP parameters, Aix/HR75 or NTG. More interestingly, FMD was 
significantly and inversely correlated with central PWV (r=-0.50; P<0.001). 
After adjusting for potential confounders, endothelial function remained in-
dependently and inversely associated with aortic PWV. On stepwise regres-
sion analysis, BMI (step 1, R2=30%), FMD (step 2, R2 change=24%), and 
fasting glucose (step 3, R2 change=10%), but not ABPM parameters, were 
independent predictors of PWV. AixHR75 and time to reflection were related 
only to age (R2=24% and 37%, respectively).
Conclusion: In subjects with type 2 diabetes, a decline in endothelial function 
seems to be independently associated with increased large artery stiffness.

1328
Increased arterial wall stiffness caused by hyperglycaemia is partially 
reversible in early diabetic patients
H. Sasaki, J. Ibata, H. Shimomura, Y. Nakano, H. Wakasaki, H. Furuta,  
M. Nishi, T. Nakao, K. Nanjo; 
First Department of Medicine, Wakayama University of Medical Science, 
Japan.

Background and aims: Increased arterial wall stiffness (AWS) has been re-
ported to be complicated by metabolic syndrome, impaired glucose tolerance 
and diabetes. The detailed relation between hyperglycemia and AWS has not 
been fully clarified. We investigated the influence of hyperglycemia on AWS 
using cardio-ankle vascular index (CAVI) which is a new method for estimat-
ing AWS.
Materials, methods and results: Three investigations were carried out in or-
der to achieve the aim.
FIRST INVESTIGATION: We measured CAVI in 42 diabetic patients (DM) 
with short duration (less than 5 years) without microangipathy and 43 age-
matched non-diabetic subjects (NDM), and compared the CAVI values. The 
CAVI of DM was significantly higher than that of NDM (7.12 vs 6.70, p<0.04). 
Multiple regression analysis revealed that significant risk factors for the eleva-
tion of CAVI were the presence of diabetes and age but not triglyceride (TG), 
HDL, LDL, systolic blood pressure (SBP) and body mass index (BMI).
SECOND INVESTIGATION: We measured CAVI in 37 DM who were hospi-
talized shortly with poor glycemic control. After 8 weeks, the CAVI were re-
examined. In well improved DM (HbA1c improvement>1.0%, n=21), CAVI 
were significantly improved (8.00 to 7.44 p=0.0016). In the less improved DM 
(HbA1c improvement<1.0%, n=16), however, CAVI did not significantly im-
prove (8.72 to 8.57 p=0.4793). The TG, HDL levels and SBP did not change 
significantly.
THIRD INVESTIGATION: We measured CAVI in 135 established DM (aver-
age duration 14.3 years) twice at interval of 18 weeks, and the change in CAVI 
(delta CAVI) was calculated. The clinical risk factors associated to high CAVI 
or CAVI elevation were evaluated by multiple regression analyses. With the 
multiple regression analysis using baseline CAVI as a dependent variable, 
age, high SBP and low BMI were significantly associated to high CAVI. On 
the other hand, HbA1c, lipids levels, diabetic duation and microangiopathy 
were not related to baseline CAVI. With the multiple regression analysis us-
ing delta CAVI as a dependent variable, no significant risk factor of CAVI 
elevation was detected.
Conclusion: These findings suggest that progression of AWS can be observed 
in the early stage of diabetes and that is partially reversible by glycemic con-
trol. The effect of glycemic control on AWS elevation may decrease in the 
established diabetic patients.

1329
Ambulatory arterial stiffness index and insulin sensitivity in type 1 
diabetes mellitus
A. Szadkowska, I. Pietrzak, B. Mianowska, E. Czerniawska, W. Fendler,  
L. Walenciak, W. Młynarski; 
Department of Pediatrics, Oncology, Hematology and Diabetology, Medical 
University of Lodz, Poland.

Background and aims: Increased arterial stiffness may predict cardiovascu-
lar mortality in patient with hypertension or diabetes. Ambulatory arterial 
stiffness index (AASI) has been proposed as an indirect measure of arterial 
stiffness. Insulin resistance is a risk factor of cardiovascular diseases. The aim 
of this study was to estimate the relationship between AASI and insulin sensi-
tivity in type 1 diabetic children and adolescents without hypertension.
Materials and methods: 88 patients (36 girls and 52 boys) aged 11-19 years 
(mean SD: 16±2.4), with diabetes duration 0.5-17.3 years (mean SD: 4.6±3.9) 
were included into the study. Ambulatory arterial stiffness index was defined 
as 1 minus the regression slope of diastolic over systolic BP readings obtained 
from 24-hour recordings. Euglycemic-hyperinsulinemic clamp by de Fronzo 
was performed to estimate insulin resistance. Glucose disposal rate (M value) 
determined during the last 30 min of the test was calculated as a surrogate of 
insulin resistance. The height, weight and waist circumference were measured 
and body mass index (BMI-SDS) and waist-SDS were calculated. HbA1c was 
measured (HPLC).
Results: In present group AASI was 0.24±0.19 (mean±SD). There was no dif-
ference between boys and girls (p=0.97). AASI correlated with patients age 
(0.23; p=0.03) and BMI-SDS (0.26; p=0.014).There was no relationship with 
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diabetes duration, waist-SDS and actual HbA1c. The M value ranged from 2.5 
to 19 mg/kg/min (6.7±2.7). The correlation between AASI and M value was 
also found (r=-0.27; p=0.011). In multiple regression analysis after adjust-
ment to patient age M value still correlated with AASI (beta=-0.23; p=0.036). 
But the model better describing AASI included patient age and BMI-SDS 
(adjusted R2:0.1; p=0.008).
Conclusion: Among type 1 diabetic children and adolescents a relationship 
between arterial stiffness and insulin resistance and BMI has been found.
Supported by: Medical University of Lodz

PS 126 Biomarkers and assessment 
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1330
Brachial-ankle pulse wave velocity is more correlated with visceral fat 
thickness measured by ultrasonography than waist circumference in type 
2 diabetic patients
D.-J. Chung, J.-O. Chung, D.-H. Cho, M.-Y. Chung; 
Department of Endocrinology and Metabolism, Chonnam National 
University Medical School, GwangJu, Republic of Korea.

Background and aims: Measurement of pulse wave velocity (PWV) is a use-
ful non-invasive index of arterial distensibility, and predicts cardiovascular 
morbidity and mortality. Several studies demonstrated positive relationships 
between obesity and PWV in non-diabetic and type 2 diabetic patients. Al-
though waist circumference (WC) is a fairly good indicator of the amount 
of total abdominal fat, it cannot distinguish the amount of visceral fat from 
the amount of subcutaneous abdominal fat. Ultrasound (US) measurements 
have been recently shown to correlate better with cardiometabolic risk fac-
tors than anthropometric measurements. We investigated the associations of 
PWV with obesity-related parameters including body mass index, WC, and 
US-measured visceral fat thickness (VFT) in type 2 diabetic subjects.
Materials and methods: 245 type 2 diabetic patients participated in the study: 
131 men (mean age 58.8±12.4 years) and 114 women (mean age 60.0±13.0 
years). Anthropometric, clinical, and laboratory data were measured. US 
procedures were performed by the same examiner using a 3.5-MHz probe. 
US-determined VFT was defined as the distance between the internal face of 
the rectus abdominis muscle and the anterior wall of the aorta. The PWV was 
measured between the brachial and ankle regions (baPWV), and the baPWV 
was measured in all patients using a waveform analyser.
Results: Strong positive correlations existed between VFT and BMI, VFT and 
WC, and BMI and WC (r = 0.68, r = 0.79, r = 0.81, respectively, p<0.01). The 
baPWV was significantly (P<0.05) higher in subjects with general obesity 
(BMI ≥ 25 kg/m2) (1794±317 cm/s) as compared with those without general 
obesity (BMI < 25 kg/m2) (1584±261 cm/s). Age (r = 0.412; p< 0.01), duration 
of diabetes (r = 0.300; p< 0.05), WC (r = 0.235; p< 0.05), and US-determined 
VFT (r = 0.294; p< 0.01) were significantly correlated with baPWV. But BMI, 
lipid profiles, HbA1C, and systolic and diastolic BP were not correlated with 
baPWV. Multiple logistic regression analyses showed that the baPWV was 
independently associated with age (p<0.05) and US-measured VFT (p<0.05), 
but not WC when adjusted for various confounding factors.
Conclusion: Our data suggests that the baPWV appears to be associated with 
VFT measured by ultrasonography more closely than with BMI and WC in 
type 2 diabetic patients.

1331
Sustained improvement of glycaemic control reduces urinary leukotriene 
E4 excretion in patients with type 1 diabetes 
R. Boizel1, G. Bruttmann1, P.-Y. Benhamou1, S. Halimi1,  
F. Stanke-Labesque2; 
1Endocrinology Diabetes Nutrition, 2Pharmacology and HP2 Inserm ESPRI 
EA3745, CHU de Grenoble, France.

Background and aims: The development of atherosclerosis is multifactorial. 
The increased risk of cardiovascular disease (CVD) among patients with ei-
ther type of diabetes is only partially explained by traditional risk factors, 
there is substantial evidence linking chronic hyperglycemia to an increased 
risk. Recently, the DCCT-EDIC and 10-year UKPDS follow-up support the 
importance of glucose lowering in reducing the risk of coronary events; in-
deed CVD might be more strongly glucose mediated in type 1 diabetes and 
intervening on blood glucose could ameliorate CVD to a greater extent in 
type 1 than in type 2 diabetes. Compelling evidences suggest a role of the 
5-lipoxygenase pathway (5-Lox) in the pathogenesis of CVD. This pathway 
generates leukotrienes that possess vasoactive, chemotactic and pro-inflam-
matory properties. Increased urinary leukotriene E4 excretion (LTE4-UE) has 
been reported in patients with poorly controlled diabetes. Therefore the effect 
of an intensive glucose strategy on LTE4-UE was investigated prospectively.
Materials and methods: Intensive therapy (education program and revised 
insulin dosing or insulin initiation) was decided in 20 type 1 (T1) and 19 type 
2 (T2) consecutive patients with A1c > 8.5% (age 35 and 60 y, diabetes dura-
tion 14 and 11 y, retinopathy 40 and 26% respectively, 44% of T2 previously 
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treated with insulin). Concomitant conditions known to be associated with 
an increased LTE4 production were exclusion criteria. LTE4 and 11 dehydro 
TXB2 were measured at baseline and day 90+10 (LCMS/MS, pg/mg creati-
nine, data shown as Inter Quartile Ranges).
Results: A1c (7.9+1.1 vs. 9,7+1.4) and LTE4-UE (IQR: 25 - 44 - 65 vs. 39 - 63 
- 99, p=0.008) decreased in T1 vs baseline. The changes in A1c and LTE4-UE 
were correlated with baseline A1c (r: 0.72 and 0.69, p<0.02 and <0.005). In a 
subset of 11 T1, an additional sampling was possible on day 5 (LTE4 UE not 
different vs. baseline: 32 - 52 - 87 vs. 36 - 56 - 98). LTE4-UE was unchanged 
in T2 (IQR: 39 - 64 - 94 vs. 57 - 65 - 97) despite a similar change in A1c (7.5 
vs. 10.1) vs. baseline. TXB2-UE significantly decreased in T1 (426 - 574 - 759 
vs. 577 - 766 - 1123) and T2 (151 - 380 - 750 vs. 551 - 829 -1490), whereas hs-
CRP (higher in T2) and s-ICAM were unchanged vs. baseline.
Conclusion: Results suggest that hyperglycemia induces a reversible activa-
tion of the 5-Lox pathway in type 1 diabetes that is consistent with CVD 
appearing strongly glucose-mediated in this type of diabetes. A similar 3-
month improvement of hyperglycemia did not change LTE4-UE in T2, which 
suggest that the activation of the cysteinyl leukotriene pathway is multifacto-
rial in this type of diabetes associated with complex underlying inflammation 
(NCT00324792)
Supported by: the DRC, CHU of Grenoble

1332
Risk factors for vulnerable plaque rupture in patients with type 2 
diabetes and acute coronary syndrome with ST elevation
D. Milosz1, L. Czupryniak1, M. Saryusz-Wolska1, G. Zasadzinska1,  
A. Borkowska1, E. Cieplucha2, K. Chizynski2, J. Loba1; 
1Diabetology & Metabolic Disease Dept, 2Invasive Cardiology Department, 
Medical University of Lodz, Poland.

Background and aims: Type 2 diabetes is an independent risk factor for 
cardiovascular disease, in particular coronary artery disease. Rupture of un-
stable atherosclerotic plaque and thrombus formation results in the acute 
coronary syndrome (ACS). Risk factors for rupture of a vulnerable plaque 
include sudden increase in arterial blood-pressure, vasospasmus reaction 
and inflammatory reaction. Main destabilizers of atherosclerosis plaque are 
metaloproteinases - MMP-9. Vasoprotective factors include adiponectin, a 
cytokine with a diverse antiatherosclerotic activity. The aim of the study was 
to assess relationship between elevation of MMP-9 concentrations, selected 
inflammatory markers: visfatin, TNFα, IL6 and adiponectin in patients with 
type 2 diabetes and ST-elevation in acute coronary syndrome in relation to 
the severity of lesion in coronary arteries.
Materials and methods: 90 subjects were enrolled into the study: 55 women 
and 35 men with type 2 diabetes treated with sulphonylurea derivatives, di-
agnosed with ACS with ST-segment elevation, who underwent percutane-
ous coronary angioplasty. The patient were divided into two groups based on 
the Gensini Score (GS): the study group - 50 patients (31 women, 19 men, 
mean age 66±9,5 years, with severe atherosclerosis, GS>32 points [more ad-
vanced]), control group - 40 patients (24 women, 16 men, mean age 65±10 
years, with less severe atherosclerosis, GS<32 points). Within 12 hours since 
ACS MMP-9, visfatin, TNFα, IL6, adiponectin, HbA1C were measured in 
the patients. Glucose and insulin levels and lipids profiles were obtained after 
overnight fast conditions
Results: There were no significant differences in gender, age BMI, WHR, 
waist, lipids profiles, HOMA-IR nor in hypertension or smoking prevalence 
between the two groups. The duration of type 2 diabetes was significantly 
longer in the study group than in the controls (6.3±2.4 vs 3.4±2.2years; 
p<0.05). Mean HbA1c in the study group was 7.8±1.9% vs 6,7±1,7% in the 
controls (p<0.05). STEMI patients with more advanced lesions presented with 
a significantly higher plasma MMP-9 (1112±503 vs 349±288 ng/ml; p<0.05), 
visfatin (187±65 vs 116±44 ng/ml; p<0,05), TNFα (62±20 vs 53±20 pg/ml; 
p<0.05), IL6 (17.1±14 vs 8.1±3.5 pg/ml; p<0.05) and lower adiponectin con-
centration (5.1±4.4 vs 8.7±3.4 mcg/ml; p<0.05) as compared to the controls.
Conclusion: Severity of inflammatory process and hypoadiponectinemia 
could contribute to the progression of atherosclerosis lesions in the coronary 
arteries in patients with type 2 diabetes.
Supported by: Medical University Grant No 502-18-848

1333
Chemerin is associated with markers of inflammation and components 
of the metabolic syndrome but does not predict coronary atherosclerosis
U.C. Brödl1, M. Lehrke1, A. Becker2, M. Greif2, R. Stark3, R.P. Laubender4,  
F. von Ziegler2, C. Lebherz2, J. Tittus2, M. Reiser5, C. Becker5, B. Göke1,  
A.W. Leber2, K.G. Parhofer1; 
1Department of Internal Medicine II, University of Munich, 2Department of 
Internal Medicine I, University of Munich, 3Helmholtz Zentrum, Munich, 
4IBE, University of Munich, 5Department of Radiology, University of 
Munich, Germany.

Background and aims: Chemerin is a recently discovered adipokine that 
regulates adipocyte differentiation and modulates chemotaxis and activation 
of dendritic cells and macrophages. Given the convergence of adipocyte and 
macrophage function, chemerin may provide an interesting link between 
obesity, inflammation and atherosclerosis in humans. We sought to examine 
the relationship of 1) chemerin and markers of inflammation, 2) chemerin 
and components of the metabolic syndrome, and 3) chemerin and coronary 
atherosclerotic plaque burden and morphology.
Materials and methods: Serum chemerin levels were determined in 303 pa-
tients with stable typical or atypical chest pain who underwent dual-source 
multi-slice CT-angiography to exclude coronary artery stenosis. Atheroscle-
rotic plaques were classified as calcified, mixed or non-calcified.
Results: Chemerin levels were highly correlated with hsCRP (r=0.44, 
p<0.0001), IL-6 (r=0.18, p=0.002), TNF-α (r=0.24, p<0.0001), resistin 
(r=0.28, p<0.0001) and leptin (r=0.36, p<0.0001) concentrations. Further-
more, chemerin was associated with components of the metabolic syndrome 
including BMI (r=0.23, p=0.0002), triglycerides (r=0.29, p<0.0001), HDL-
C (r=-0.18, p=0.003) and hypertension (p<0.0001). In bivariate analysis, 
chemerin levels weakly correlated with coronary plaque burden (r=0.16, 
p=0.006) and the number of non-calcified plaques (r=0.14, p=0.02). These 
associations, however, were lost after adjusting for established cardiovascular 
risk factors (OR 1.17, 95%CI 0.97 to 1.41, p=0.11 for coronary plaque burden; 
OR 1.06, 95%CI 0.96 to 1.17, p=0.22 for non-calcified plaques).
Conclusion: Chemerin is strongly associated with markers of inflammation 
and components of the metabolic syndrome. Chemerin, however, does not 
predict coronary atherosclerosis.

1334
Fibulin-1, a novel molecular marker for arterial disease in diabetes? 
C. Cangemi1, V. Skov1, J.A. Funder2, M.L. Hansen3, J. Aagaard2,  
V.E. Hjortdal2, M. Olesen1, L.M. Rasmussen1; 
1Department of Biochemistry, Genetics, and Pharmacology, University of 
Southern Denmark, Odense, 2Department of Thoracic and Cardiac Surgery, 
Aarhus University Hospital, 3Department of Thoracic and Cardiac Surgery, 
Odense University Hospital, Denmark.

Background and aims: Cardiovascular diseases are frequently seen in diabe-
tes, principally because of accelerated development of atherosclerotic plaques 
in the arterial wall. We have recently identified a cluster of dysregulated genes 
at the mRNA level in non-atherosclerotic tissue from patients with type 2 
diabetes using global gene expression profiling. The dysregulated genes may 
represent markers for pre-atherosclerotic arterial changes in diabetes and the 
most upregulated in diabetes was fibulin-1 (FBLN1). FBLN1 is a secreted 
glycoprotein of the extracellular matrix, localized in the neighbourhood of 
elastic fibres, but it is also a plasma protein. In this study we investigated 
the distribution of FBLN1 in arterial wall and the concentration in plasma 
from patients with diabetes in vivo, and in addition studied the influence of 
relevant factors on the production of FBLN1 in vitro.
Materials and methods: Patients undergoing artery by-pass graft surgery 
at Aarhus and Odense University Hospitals were recruited. Participants in-
cluded ten men with more than 2 years known duration of type 2 diabetes, 
defined as known diabetes diagnosed after adolescence, and eleven non-dia-
betic individuals matched according to sex and age. From each subject, the 
waste part of the repair artery i.e. arteria mammaria interna was obtained 
and quickly dissected into intima-media and surrounding tissue. For im-
munohistochemistry, in total nine of the tissues from diabetic patients and 
eleven from non-diabetic were used. The day before operation, HbA1c, fast-
ing glucose and lipids were measured and plasma were gathered for FBLN1 
measurement (immunoassay). For in vitro studies, primary human vascular 
smooth muscle cells (HVSMCs) cultures were used as in vitro model of arte-
rial physiology. HVSMCs were established from explants of healthy aortic tis-
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sue obtained from excess donors’ vasculature at kidney transplant operations. 
HVSMCs were stimulated using various substances of relevance and FBLN1 
mRNA and the protein expression levels were measured via RT-qPCR and 
via Western blotting and ELISA respectively.
Results: Immunohistochemical studies showed a high concentration of 
FBLN1 in the arterial wall throughout all the tunicae with a distinct distribu-
tion in close relation with elastic fibres. Semi-quantitative analysis revealed 
a significantly higher amount of FBLN1 at the media/adventitia boundary, 
in relation to the external elastic membranes. ELISA immunoassay of serum 
samples showed a significant higher concentration of circulating FBLN1 in 
diabetic patients. In vitro studies, with HVSMCs, pointed at a possible up-
regulation of FBLN1 at the protein level following stimulation with BMP-4 
and at a possible regulatory role of progesterone on FBLN1. However we did 
not find influences of insulin and glucose.
Conclusion: FBLN1 occurs in higher amounts both in normal appearing ar-
terial tissue and in plasma from patients with diabetes and therefore appears 
as a candidate biomarker for early changes of diabetic artery. The pathophysi-
ological role of FBLN1 in diabetes demands further investigations.
Supported by: NOVO Nordisk Foundation, Danish Medical Research Council, 
Danish Diabetes Association

1335
Functional roles of transcriptional factor mafB in vivo assessed by siRNA 
technique and microarray analysis
M. Tsuchiya1, A. Suzuki1, A. Hayashi1, J. Tanaka1, K. Tsuchiya2, A. Maeda1; 
1Institute of Geriatrics, 2Department of Medicine IV, Tokyo Women’s 
Medical Unversity, Japan.

Background and aims: Maf is a family of transcription factor proteins char-
acterized by a typical bZip structure, and its members have been reported 
to regulate developmental processes, cell differentiation, and the establish-
ment of endocrine and non-endocrine cell function in the pancreas. It is well 
known that mafA is a strong transactivator of insulin, whereas mafB acti-
vates glucagon gene expression. However, mafs have been speculated to have 
multiple functions, especially in the networking of glucose, lipid, and energy 
balance. Previously, we reported that mafA suppression alternated gene ex-
pression profile not only in the pancreas but also in adipose tissue and cen-
tral nervous system. Since less information is available regarding mafB than 
mafA, the aim of this study was to elucidate the role of mafB in tissues and 
organs, including the pancreas.
Materials and methods: We have established an mRNA interference tech-
nique that makes it possible to modify the level of targeted mRNAs in the 
mouse in vivo. An expression vector carrying synthetic maf-siRNA was rap-
idly injected into the tail vein of 8-week-old-mice (n=5), and the resulting al-
terations of the gene profile were analyzed with a microarray system. The role 
of mafB and cross-talk between the mafs in the pancreas and other tissues 
was explored by performing a microarray analysis (Afymetrix) to character-
ize the gene expression profile, and the level of each transcript was confirmed 
by real-time PCR.
Results: The level of mafB expression in the pancreas, and in the kidney of 
the siRNA-treated mice was approximately 50% less than in the stop-siRNA-
treated animals. Interference with the mafB mRNA level in the pancreas by 
siRNA resulted in changes in the level of expression of several genes, includ-
ing down-regulation of the genes coding glucagon and lipocalin 2 and up-
regulation of the genes coding Ddit3 and Nurpr1. MafB mRNA suppression 
in the kidney of the siRNA-treated mice revealed that genes related to the 
immune response and lipid or iron metabolism were down-regulated, that 
genes coding complement component C3, lipocalin2 and fibrinogen Bβ/Aα 
polypeptide were markedly down regulated (to~1/10), that the genes coding 
clusterin, serine protease inhibitor 1-1 were also down-regulated, and that 
the genes coding serumglucocorticoid regulated kinase (Sgk) and thioether 
S-methyltransferase (Temt) were up-regulated. MafB may regulate not only 
endocrine hormones in the pancreas, but genes coding inflammation and im-
mune-response-related functions and lipid metabolism in the pancreas and 
kidney as well. Lipocalin 2, which is abundantly expressed in the kidney, Ngal, 
has been reported to promote insulin resistance, whose expression was likely 
to be regulated by mafB. The effects of mafB suppression were pancreas- and 
kidney-specific or unknown, so other organs, especially adipose tissue are 
under examination, but the overall actions of mafB in regard to glucose and 
lipid metabolism are in the opposite direction to those of mafA. Preliminary 
evidence shows that c-maf, another maf that regulates glucagon expression, 
tends to have effects on gene profiling similar but with some of them are not 
overlapping, to those observed by mafB suppression.

Conclusion: Taken together, the findings in this study suggested potential 
roles of mafB in glucose/lipid metabolism or inflammatory reaction in the 
kidney as well as in the pancreas.
Supported by: Grant-in-Aid for Scientific Research in Japan

1336
Long time culture of human aortic smooth muscle cells in high glucose 
concentration up-regulates ERK1/2 activation and PTP1B protein 
expression
L.-D. Popov1, M. Nemecz2, M. Dumitrescu2, A. Georgescu2, F.D. Böhmer3; 
1Vascular Dysfunction in Diabetes, Institute of Cellular Biology and 
Pathology “N. Simionescu”, Bucharest, Romania, 2Vascular Dysfunction in 
Diabetes, Institute of Cellular Biology and Pathology, Bucharest, Romania, 
3Center for Molecular Biomedicine, Institute of Molecular Cell Biology, 
Friederich Schiller University, Jena, Germany.

Background and aims: Recent studies have provided important insights into 
hyperglycemia-induced signaling dysregulation in vascular smooth muscle 
cells (SMCs), shedding light on activated phosphorylation cascades, and on 
their regulation by dephosphorylation reactions exerted by phosphatases. 
This study aimed to investigate the effect of long time (7 days) exposure to 
high glucose concentration (22.5 mM and 30mM D-glucose) on multilayered 
human aortic SMCs with the intent to mimic situation in type 2 diabetes in 
which vascular wall is exposed for long term to circulating hyperglycemia; 
cells grown for 12 days in 5.5mM D-glucose were used as control (low glu-
cose condition). 
Methods: The level of PI3-kinase, Akt and ERK1/2 phosphorylation, as well 
as of PTP1B, an enzyme regulating tyrosine phosphorylation-linked signal-
ing events were examined comparatively in oxidant (1mM H2O2, for 10 min) 
and insulin (1μM, for 10 min) stimulated cells. Immunoblotting and immun-
ofluorescence techniques have been used. 
Results: The results show that compared to low glucose condition, long time 
exposure of multilayered SMCs to high glucose induced: (i) down-regulation 
of PI3-kinase and Akt pathways, and (ii) up-regulation of ERK1/2 phospho-
rylation and of PTP1B protein expression. Cells in high glucose exposed to 
oxidative stress conditions displayed (vs. non-stimulated cells): (i) decreased 
viability, proliferation, and p-nitrophenyl phosphatase enzymatic activity 
that was partly recovered in the presence of reducing DTT (20 mM), and (ii) 
activation of PI3-kinase, Akt, and ERK1/2. Stimulated with insulin in high 
glucose conditions, SMCs showed (vs. non-stimulated cells): activation of 
PI3-kinase, Akt, and ERK1/2 and down-regulation of PTP1B protein level, 
while augmenting the enzymatic activity of p-nitrophenyl phosphatase in cell 
lysates.
Conclusion: In conclusion, increased ERK1/2 phosphorylation and PTP1B 
protein expression are the common events produced at long term exposure of 
multilayered SMCs to high glucose concentration, as well as after stimulation 
by oxidative stress and insulin; the latter induced activation of PI3-kinase, 
Akt, and ERK1/2, while down-regulating PTP1B protein level.
Supported by: Grant FP6 SSA-EC 2005-2008, no. 16873, and grants of the Ro-
manian Academy

1337
Vascular effects of sphingomyelinase
A. Párkányi, É. Ruisanchez, K. Fekete, B. Horváth, P. Sándor, Z. Benyó; 
Institute of Human Physiology and Clinical Experimental Research, 
Semmelweis University, Budapest, Hungary.

Background and aims: Sphingolipids, derived from sphingomyelin metabo-
lism, have been implicated as important mediators of inflammatory processes 
in diabetes. The first step of sphingolipid biosynthesis is catalyzed by sphin-
gomyelinase (SMase) enzymes which are reportedly upregulated in diabetes. 
In the present study we aimed to analyze the vascular effects of SMase and 
sphingosine-1-phosphate (S1P).
Materials and methods: The experiments have been carried out in thoracic 
aorta segments isolated from adult male C57Bl/6 mice. Vascular reactivity 
has been analyzed in vitro by isometric tension recording. After a 60-min 
equilibration period a reference-contraction has been induced by 124 mM 
K+. Thereafter functional integrity of the endothelium has been tested by 
NO-mediated relaxations induced by acetylcholine after precontraction of 
the vessels with 10 µM phenylephrine (PE). Finally, the vascular effects of 
neutral SMase and S1P have been determined without and at two levels of 
precontraction induced by 0.1 or 10 µM PE. SMase- and S1P-induced con-
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tractile and relaxant responses are presented as mean±SEM percentage of 
the K+-induced reference-contraction and the PE-induced precontraction, 
respectively.
Results: The vascular effects of SMase and S1P were highly dependent on 
the level of precontraction: they induced contraction and relaxation in the 
absence and presence of 10 µM PE, respectively. After moderate precontrac-
tion induced by 0.1 µM PE, both SMase and S1P evoked a biphasic vascular 
reaction with an initial contraction and subsequent relaxation. These effects 
were dose-dependent and the maximal responses were induced by 0.2 U/ml 
SMase and 10 µM S1P. Inhibition of the final step of S1P synthesis by 10 µM 
sphingosine kinase inhibitor (SKI) decreased the contractile effect of 0.2 U/
ml SMase from 32±7 to 14±3 % (p<0.05) while increased SMase-induced 
relaxation from 63±9 to 87±7 % (p<0.05). In contrast, inhibition of NO syn-
thesis by 100 µM NG-nitro-L-arginine methyl ester (L-NAME) increased the 
contractile effect of 0.2 U/ml SMase from 20±4 to 64±7 % (p<0.001) while 
decreased SMase-induced relaxation from 45±6 to 0±0 % (p<0.01).
Conclusion: Both SMase and S1P induce biphasic changes of the vascular 
tension with an initial contraction and subsequent relaxation. The contrac-
tile effect of SMase appears to be mediated by S1P. However, SMase-induced 
vasorelaxation is induced by a yet unidentified sphingolipid and mediated 
by NO. In case of diminished bioavailability of NO, like in type 2 diabetes, 
the vasoconstrictor effect of SMase may become dominant and contribute to 
the development of vascular dysfunction. SKI appears to be able to prevent 
the contractile effect of SMase without negatively influencing its vasorelaxant 
action.
Supported by: an EFSD/Servier grant, the Hungarian OTKA (K62375) and 
NKTH (H07-BEL74286)

1338
Serum levels of endothelial monocyte-activating polypeptide-II in type 
2 diabetes
L. Mogylnytska; 
Regional Hospital, Endocrinologist, Khmelnitsky, Ukraine.

Background and aims: Endothelial dysfunction is implicated in the patho-
genesis of diabetes and atherosclerosis. Endothelial monocyte-activating 
polypeptide-II (EMAP-II) is a multifunctional polypeptide with proinflam-
matory and antiangiogenic activity. EMAP-II induces procoagulant activity 
on the surface of endothelial cells, increases expression of E- and P-selectins 
and tumor necrosis factor-1, directs migration of monocytes and neutrophils, 
induces apoptosis in endothelial cells. However, the role of this cytokines in 
diabetes is not understood. The aim of this study was to investigate serum 
level of EMAP-II in obese and non-obese patients with type 2 diabetes.
Materials and methods: We studied 34 obese diabetic patients (age: 
50,36±1,62; BMI: 36,5±1,24); 34 non-obese diabetic patients(age: 52,9±1,69; 
BMI: 24,3±0,42); 22 obese non-diabetic subjects (age: 50,28±1,24; BMI: 
37,95±1,8) and 22 control subjects (age: 49,4±0,4; BMI: 24,03±0,61). Serum 
levels of EMAP-II were determined by immunoenzyme assay. Statistical anal-
ysis was performed by use Student’s test and Person’s. The data were presented 
as means±SD.
Results: We found an increase of serum level of EMAP-II in obese dia-
betic patients compared to obese subjects without diabetes (4,44±0,58 and 
2,41±0,47ng/ml , respectively, p=0,006), also, in non-obese diabetic pa-
tients compared to control subjects (4,23±0,94 and 1,26±0,31 ng/ml respec-
tively, p=0,005). Moreover, it was significant elevation of serum EMAP-II 
in obese patients without diabetes compared to control subjects (2,41±0,47 
and 1,26±0,31ng/ml respectively, p<0,02). In obese and non-obese patients 
with diabetes it was significant correlation between HbAc1, blood glucose 
and EMAP-II levels (r=0,58, r=0,69 and 0,56, r=0,67 respectively, p<0,05), 
also between total cholesterol, triglycerides and EMAP-II (r=0,57, 0,44 and 
r=0,68, r=0,29, respectively p<0,05). In obese non-diabetic patients it was sig-
nificant correlation between BMI, triglycerides, total cholesterol and EMAP-
II (r=0,7, r=0,39, r=0,44, respectively, p<0,05).
Conclusion: The revealed change of EMAP-II serum level reflects an en-
dothelial dysfunction in patients with type 2 diabetes. Hyperglycemia, dysli-
pidemia and obesity appear to be significant factor to contributing elevation 
of EMAP-II.

1339
N-terminal fragment of pro-brain natriuretic peptide (NTproBNP) has 
a high negative predictive value to rule-out silent myocardial ischaemia 
(SMI) in type 2 diabetes mellitus
K. Hamano1, M. Abe1, R. Komi1, J. Branch2, S. Kobayashi3; 
1Diabetes and Endocrinology, 2General Internal Medicine, 3Nephrology, 
Shonan Kamakura General Hospital, Kamakura, Japan.

Background and aims: Early identification of cardiovascular risk is of vital 
importance for comprehensive diabetes management, since it allows early, 
targeted intervention. Screening for kidney and retinal complications has 
already been established, but there is no comparable screening for cardiac 
complications. Data about the significance of NT-proBNP in type 2 diabe-
tes are limited. It is reported that NT-proBNP is elevated in type 2 diabetic 
patients reflecting asymptomatic left ventricular dysfunction and is also a 
strong predictor of the cardiovascular mortality in diabetes independent of 
conventional cardiovascular risk factors. With consideration to causality, we 
hypothesized that NT-proBNP might be a marker for SMI in diabetes.
Materials and methods: Forty type 2 diabetic subjects without evident coro-
nary artery disease history or symptoms were consecutively recruited. There 
were essentially no singns of ischemia in their resting ECG. Serum NT-proB-
NP (ECLusys pro BNP) were measured and multislice CT (MSCT) of the 
coronary arteries were performed. Additional coronary angiographies were 
performed on subjects with positive MSCT findings.
Results: The patients’ mean age, HbA1c and serum creatinine were 64.7, 
8.33% and 0.78mg/dl respectively. Fourteen patients (35%) had SMI ( de-
fined as >50% significant stenosis of coronary arteries demonstrated by 
coronary angiographies). NT-proBNP levels were significantly higher in 
SMI(167.2±44.0 vs. 62.4 ±11.8 pg/ml,mean±SE, p<0.005) but HbA1c, li-
pid profiles and creatinine were similar in two groups. SMI subjects were 
older(70.4±2.0vs. 61.9±1.9,p<0.01), however, by after adjustment for age, 
HbA1c, creatinine, log NT-proBNP was identified as an independent predic-
tor of SMI(p=0.025).
ROC analysis with a cut-off value of 52.06pg/ml showed 92.8% sensitivity 
and 69% specificity of predicting SMI (positive predictive value 61.9%, nega-
tive predictive value 94.7%).
Conclusion: As a biochemical screening tool for investigating SMI, NT-
proBNP is useful because of its non-invasiveness and low cost. Its outstand-
ing high negative predictive value in ruling out SMI enables the clinician to 
focus on high coronary risk patients within a large diabetic population.
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Role of physical activity on endothelial function of healthy subjects
L. Franzini1, D. Ardigò1, A. Dei Cas1, S. Haddoub1, S. Valtueña1,  
F. Brighenti2, I. Zavaroni1; 
1Internal Medicine and Biomedical Sciences, 2Public Health, University of 
Parma, Italy.

Background and aims: A moderate physical activity is considered a protec-
tive factor against cardiovascular disease and a sedentary life style is associ-
ated to endothelial dysfunction, the first step to atherosclerosis. Nevertheless, 
it is still unclear to which extent a decreased active energy expenditure (EE) 
relates to the presence of subclinical cardiovascular disease, also because of 
the lack of reliable systems to continuously measure spontaneous EE .
The aim of our study was to evaluate the relationship between average EE, as-
sessed by continuous monitoring with a validated wearable device (Armband, 
SenseWear), and endothelial function (EF), the earliest vascular abnormality 
related to cardiovascular disease, in a cohort of healthy young adults.
Materials and methods: To quantify endothelial function we performed a 
brachial artery Flow Mediated Dilatation (FMD) test, a non invasive, ultra-
sound-based technique, that records the endothelial vasodilatation of con-
duit arteries. As EE measurement we evaluated average Metabolic Equiva-
lents (aMETS), spent over a one week period with the support of Armband 
SenseWear device. To evaluate the relationship between energy expenditure 
and endothelial function, we enrolled a population of 157 healthy volunteers 
(87 M; 70F, age =37 ± 8 years), after having excluded diagnosis of diabetes, 
previous cardiovascular events and other relevant diseases.
Results: Stratifying the study population by FMD quartiles, we observed that 
a worse endothelial function (lowest FMD quartiles) was significantly associ-
ated with a greater prevalence of male gender, smoking habit, and lower both 
average hours of sleep in the week in which armband was dressed and the 
number os hours of sleep the night before FMD test. Besides, a reduced en-
dothelial vasodilatation was associated to higher values of BMI, waist circum-
ference, and systolic blood pressure (p< 0.05 for all), as well as a bigger base-
line Brachial Diameter (p<0.01) and significantly lower aMETS and average 
steps (p<0.05 for both). A multivariate linear regression analysis confirmed 
the presence of an independent relationship between aMETS and FMD, and 
a prediction model including average METS, the hours of sleeping the night 
before the test and brachial artery diameter was able to account for almost 
20% of the variability in FMD values.
Conclusion: The spontaneous average physical activity, together with the 
hours of sleep and the brachial artery diameter (strictly correlated with 
gender) independently predicts the presence of endothelial dysfunction, a 
marker of subclinical atherosclerosis, in a population of apparently healthy 
young adults.

1341
Effect of exercise training on cardiopulmonary functions in type 2 
diabetic rats during endotoxaemia
C.-H. Hung1, M.-C. Kao1, Y.-W. Chen2; 
1Department of Physical Therapy, National Cheng Kung University, 
2Department of Physical Therapy & Graduate Institute of Rehabilitation 
Science, China Medical University, Tainan, Taiwan.

Background and aims: Diabetic patients are susceptible to E. coli lipopoly-
saccharide (LPS) infection, resulting in endotoxemia with cardiopulmonary 
failure and high mortality rate. However, heat shock protein 72 (HSP72) over-
expression could reduce the mortality rate and organ damage in septic shock 
and attenuate hemodynamic alterations due to LPS. We have demonstrated 
that HSP72 can be detected in various organs from normal and type I diabetic 
rats with exercise training. Therefore, the purpose of the current study was 
to characterize effects of exercise preconditioning on endotoxemia-induced 
cardiopulmonary dysfunction in the rat model of type 2 diabetes.
Materials and methods: Male Wistar rat fed 60% fructose-rich chow for 6-8 
weeks. When loss of plasma glucose lowering response to tolbutamide were 
considered as type 2 diabetes with insulin resistance and randomly assigned 
to sedentary or exercise groups. The trained rats run gradually on a treadmill 
5 days/week, 30-60 min/day with intensity 20-30m/min for 4 weeks. Twenty-

four hours after the last exercise session, we compared the temporal profiles 
of mean arterial pressure, heart rate, cardiac output, and stroke volume of 
urethane-anesthetized rats after intravenous injection of LPS. At the 4th hour 
after LPS injection, we determined arterial blood gas, tumor necrosis fac-
tor-alpha level in serum and lavage, and lung edema. In addition, the HSP72 
expression in multiple organs were determined in different groups.
Results: After exercise training, we found that HSP72 expression in multiple 
organs were significantly greater in rats with exercise training than sedentary 
rats. The survival time was significantly longer in exercised-diabetic rat than 
that in sedentary diabetic rats after administration of LPS (260.0 ± 23.8 min 
versus 712.8 ± 69.9 min, P < 0.05). Tumor necrosis factor-alpha level in se-
rum were significantly lower in diabetic rats with exercise preconditioning 
than those in diabetic rats without exercise training (22.08 ± 14.09 pg/ml 
versus 0.09 ± 0.03 pg/ml, P < 0.05). In addition, prior exercise training could 
significantly diminish cardiovascular dysfunction in diabetic rats during en-
dotoxemia.
Conclusion: Exercise training could overexpress HSP72 in multiple organs, 
prolong the survival time, ameliorate the survival rate and cardiopulmonary 
functions of type 2 diabetic rats.
Supported by: the National Science Council of Taiwan

1342
Circulating endothelial progenitor cells (EPC) and endothelial function 
in subjects with normal, impaired and diabetic glucose tolerance
L. Pucci1, D. Lucchesi1, E. Storti1, R. Vanacore2, M. Iorio2, E. Russo1,  
C. Bianchi1, A.G. Daniele1, S. Taddei3, L. Ghiadoni3, R. Miccoli1,  
S. Del Prato1, G. Penno1; 
1Endocrinology and Metabolism, 2Blood Bank, 3Dept. of Internal Medicine, 
University of Pisa, Italy.

Background and aims: Endothelium is the key regulator of vascular home-
ostasis. Endothelial dysfunction occurs early in diabetes and reduced number 
and impaired function of EPC has been described even in nondiabetic hyper-
glycemia. Our aims were: 1. to investigate the relationship between endothe-
lial function and circulating EPC in subjects with normal (NGT), impaired 
and diabetic glucose tolerance; 2. to explore the impact of the G801A gene 
polymorphism of the mobilizing factor SDF-1α (stromal cell-derived factor-
1α) on circulating SDF-1α, EPC levels and endothelial function.
Materials and methods: Brachial artery flow-mediated dilatation (FMD) 
and nitrate-induced dilatation (NID) were measured in 26 subjects with 
NGT (13 with, NGT/Fam+, and 13 without, NGT/Fam-, first degree family 
history of diabetes), 34 IFG and/or IGT, and 18 with screening-diagnosed 
diabetes (T2D). CD34+/KDR+ cells from peripheral blood were measured by 
flow cytometry as phenotype for circulating EPC. SDF-1α concentration was 
measured by ELISA assay and the G801A SDF-1-3’A polymorphism screened 
by PCR-RFLP and confirmed on PCR-DHPLC. Glucose and insulin levels in 
response to a 75-g oral glucose load were also obtained.
Results: The groups did not differ for gender, BMI, waist, dBP, total and 
LDL cholesterol, apoA1 and apoB, creatinine, cistatin C, γGT, fibrinogen, 
hs-CRP, SAA, and serum insulin. IFG/IGT and T2D were older than NGT 
(55±5 and 58±8 vs 45±10 years, p<0.001), had higher sBP (p=0.001), fasting-, 
2h-OGTT- and AUC-glucose (p<0.0001), and HbA1c (6.0±0.4 and 6.5±0.6 
vs 5.5±0.4%, p<0.0001), marginally higher triglycerides (p=0.08), and lower 
HDL cholesterol (p=0.07). NID was comparable in the four groups. FMD 
(and FMD/NID ratio, expression of the selective alteration of the endotheli-
um-mediated dilatation) was lower in T2D (Δ% 4.4±3.3, m±sd), and in IFG/
IGT (Δ% 6.0±2.8%) than in NGT (Δ% 7.9±3.6%, Kruskal-Wallis, p=0.0017) 
with no difference between NGT/Fam+ and NGT/Fam-. EPC pool was high-
er in NGT/Fam- (608±87 cells/ml, m±se), similarly reduced in NGT/Fam+ 
(457±68) and in IFG/IGT (440±53) and even lower in T2D (254±51 cells/ml, 
Kruskal-Wallis, p=0.013). Serum SDF-1α levels were modulated by the SDF-
1α-3’A G801A polymorphism (GG, n. 45: 2522±430 pg/ml; A carriers, n. 33: 
2220±572 pg/ml, p<0.01). Both FMD and EPC showed a negative correla-
tion with fasting glucose (r=-0.39, p=0.006; r=-0.20, p<0.05), 2h-OGTT glu-
cose (r=-0.31, p=0.009; r=-0.25, p=0.03), AUC glucose, and HbA1c (r=-0.40, 
p=0.001; r=-0.24, p=0.03). Logistic regression analysis revealed the SDF-1α-
3’ G/A variant to be a marginally significant (p=0.09) predictor of EPC level 
independent of HbA1c (p=0.017) or AUC-glucose (p=0.022), a role that was 
significant in IFG/IGT (p<0.03).
Conclusion: Our data suggest that: 1. both FMD as well EPC count are in-
versely related to the degree of hyperglycemia; 2. endothelial dysfunction and 
impairment in endothelial repair capacity, both early markers of macrovas-
cular disease, are present in subjects with prediabetes; 3. EPC pool seems 
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to be impoverished even in NGT subjects with a positive family history for 
diabetes; 4. 3’G/A variant of SDF-1α, a recognized mobilizing factor for EPCs, 
may play an independent role in regulating EPC pool.

1343
Leukocyte telomere length correlates with subclinical atherosclerosis and 
is independently correlated with endothelial progenitor cell number in 
young adult healthy subjects
A. Dei Cas1, V. Spigoni1, L. Franzini1, M. Preti1, D. Ardigò1, E. Derlindati1,  
L. Monti2, P. Dell’Era3, L. Gnudi4, I. Zavaroni1; 
1Department of Internal Medicine and Biomedical Sciences, University of 
Parma, Italy, 2Cardio-Diabetes Core-Lab, Scientific Institute San Raffaele, 
Milan, Italy, 3Department of Biomedical Sciences and Biotechnologies, 
University of Brescia, Italy, 4Cardiovascular Division, King’s College, 
London, United Kingdom.

Background and aims: Leukocyte telomere length (LTL) and endothelial 
progenitor cells (EPCs) are putative new cardiovascular (CV) markers. Te-
lomeres, repeats of the DNA sequence necessary for chromosomal integrity, 
lose repeats with self-replication and therefore LTL is considered a marker of 
cellular senescence. EPCs are considered to play a key role in vessel repair fol-
lowing endothelial damage. LTL and EPC number are reduced in conditions 
characterized by increased CV risk such as diabetes. No studies are available 
to date investigating LTL in a population with low CV risk. Aim of the study 
was to evaluate LTL as novel CV risk factor and the possible correlation be-
tween LTL and EPC number in a population of young healthy adults.
Materials and methods: LTL was determined in 82 healthy subjects 
(49M/33F; age 37±9yrs), normotensive and not taking any medication. Fast-
ing blood samples were drawn in all subjects for the determination of lipid 
profile, white blood count, high sensitive C-reactive protein (hsCRP), uric 
acid, PAI-1 and EPC number. EPCs were identified as cells positive for CD34, 
CD133 and Kinase insert Domain Receptor (KDR) cell-surface antigens by 
flow cytometry analysis. Mean and maximum Intima Media Thickness (IMT) 
(B-mode ultrasound) and Framingham Risk score (FRS) were evaluated in 
all subjects. LTL was assessed with a specific real-time PCR reaction in DNA 
samples isolated from Peripheral blood mononuclear cells (PBMCs). Data 
were analysed with Pearson correlation test. A multivariate analysis was per-
formed to identify variables independently correlated to LTL.
Results: LTL resulted significantly inversely correlated with age (r-0.236; 
p<0.05), waist circumference (r=-0.28; p<0.001), triglycerides (r=-0.25; 
p<0.05), PAI-1 (r=-0.28; p<0.05), hsCRP (r=-0.23; p<0.05), IMT mean (r=-
0.24; p<0.05), FRS (r=-0.28; p<0.05) and directly correlated with HDL-cho-
lesterol (r=0.35; p<0.001) and EPC number (r=0.35; p<0.001). EPC number 
resulted also inversely correlated with the main CV risk factors as insulinae-
mia (r=-0.2; p<0.05), IMT (r=-0.318;p=0.010); PAI-1 (r-=0.197; p=0.030); 
FRS( r=-0.273;p=0.022). At a multivariate analysis, EPC number was asso-
ciated with LTL independently of the other variables considered. Subjects 
were divided into two CV risk groups (higher LTL/EPC number) and (lower 
LTL/EPC number), the latter showed lower HDL-cholesterol (p<0.05), high-
er IMT (p<0.05), FRS (p<0.05) and PAI-1 (p<0.05) values compared to the 
lower risk group.
Conclusion: These data suggest that LTL and EPC number can be considered 
putative markers of CV risk and subclinical atherosclerosis also in a young 
adult healthy population with low CV risk. The independent correlation be-
tween LTL and EPC number suggests a shared mechanism of impairment 
and possible pathophysiological implications. The use in combination of the 
two markers might be a better indicator of subclinical atherosclerosis and of 
cumulative CV risk.
Supported by: EU Project Multiknowledge (FP6-IST-2004-027106); Centro 
dello scompenso cardiaco, Università di Brescia, Italy

1344
Polymorphism for gene of connexin 37 is associated with subclinical 
atherosclerosis in obese women from general population and in women 
with diabetes type 1
J. Pitha1, P. Pithova2, J.A. Hubacek1; 
1Institute for Clinical and Experimental Medicine, 2Teaching Hospital 
Motol, Prague, Czech Republic.

Background and aims: Connexin 37 (Cx37) is a key protein in gap junc-
tions, and thus important for inter-cell communication. Potential association 

of genetic polymorphism of Cx37 with atherosclerotic changes is matter of 
controversy and the proposed association of this gene with cardiovascular 
disease has not been proved so far. The aim of this study was to evaluate as-
sociation of Cx37 gene with preclinical atherosclerosis in population of obese 
women from general population and in women with diabetes type 1.
Materials and methods: Women aged 45-55 representing 5% of population 
sample (n=892) and 102 women with diabetes type 1 aged 22-55 were geno-
typed for Cx37 C1019T polymorphism. Traditional cardiovascular risk fac-
tors were analyzed. Ankle/brachial blood pressure index (ABI) was measured 
and calculated in both groups by standardized method. The differences be-
tween carriers of different genotypes were evaluated by non-paired t-test and 
by test for trend (STATA). Traditional cardiovascular risk factors including 
smoking were also included into analyses.
Results: The prevalence of TT, CT and CC genotype in obese women from 
general population (body mass index more than 30 kg/m2; n=157) was 8.3, 
48.7, and 42.9 %. Similar prevalence was found in women with diabetes type 
1 (11.8, 44.1, and 44.1 %). In obese women, significantly lower ABI was found 
in CC than in CT/TT carriers (1.024 ± 0.07 vs. 1.056± 0.09, p=0.018, p for 
trend 0.03). In women with diabetes type 1 and without impaired nutrition 
(body mass index more than 18.5 kg/m2; n=98) similar results were obtained 
(0.979 ± 0.09 vs. 1.043 ± 0.2, p=0.043, p for trend= 0.065). In non-obese 
women from the population sample no such differences were found.
Conclusion: The gene for Cx37 was associated with preclinical atherosclero-
sis expressed as ankle/brachial blood pressure index in obese women from 
general population. Similar but weaker association was found in women with 
diabetes type 1.
Supported by: grant NR/9026-4/2006 (Grant Agency of the Ministry of Health 
of the Czech Republic)

1345
Early atherosclerosis and dehydroepiandrosterone sulphate in patients 
with type 2 diabetes mellitus
M. Vasiliadis1,2, M. Papaioakim2, I. Heliopoulos2, M. Toromanidou2,  
M. Nikelli2, T. Gioka2, A. Tsiligiris2, A. Tavridou3, E. Pagkalos1; 
11st Department of Internal Medicine, Papageorgiou General Hospital, 
Thessaloniki, 2University General Hospital of Alexandroupolis, 3Dep. of 
Pharmacology, Medical School, Alexandroupolis, Greece.

Background and aims: DHEA-S, the sulphated ester of dehydroepiandros-
terone (DHEA), decreases with age in both sexes. It has been shown that this 
prohormone can increase the levels of nitric oxide (NO), improve insulin 
sensitivity and inhibit accumulation of cholesteryl ester in macrophages. 
Moreover, DHEA exerts an antioxidant effect on LDL. In humans, some stud-
ies showed an inverse correlation between DHEA-S and CHD, DHEA-S and 
atherosclerosis in men with type 2 DM, as well as with progression of athero-
sclerosis in healthy men and women.
To our knowledge, the association between endogenous DHEA-S and ul-
trasonographically measured common carotid intima-media thickness 
(CCIMT), a marker of preclinical atherosclerosis, in type 2 DM patients of 
both sexes has not been evaluated.
Materials and methods: Characteristics of participants are shown in table. 
DHEA-S was quantified using an electrochemiluminescent immunoassay 
(Coat-A DHEA-S Kit, ROCHE, Europe), on a fully automated sample selec-
tive analyzer (Elecsys 2010, Roche). High-resolution real-time ultrasonogra-
phy with 7,5 MHz transducer was used to measure the left and right CCIMT. 
Traditional cardiovascular (CV) risk factors and alcohol use were also as-
sessed. All participants provided written informed consent and the study was 
approved by the Local Ethical Committee.
Results: DHEA-S were negatively correlated with age (r=-0.278, p=0.05) and 
CCIMT (r= -236, p=0.002). Besides DHEA-S, CCIMT was correlated with 
age (r=0.325, p<0.001), systolic BP (r=0.248, p=0.001), diastolic BP (r=0.166, 
p=0.031) and duration of DM (r=0.169, p=0.028). In multiple regression 
analysis between CCIMT and several CV risk factors, DHEA-S, age, and BP 
were the only independent predictors of CCIMT (p values and standardized 
beta coefficients were for DHEA-S (log10) 0.002/-0.246, for age 0.016/0.200, 
and for BP 0.015/0.189).
Conclusion: In this cross-sectional study, endogenous DHEA-S levels were 
inversely related to CCIMT. This relationship was independent of other CVD 
risk factors. In our study, in agreement with other reports, CCIMT was posi-
tively associated with age and both systolic and diastolic BP. The age related 
decline of DHEA-S is negatively associated with CCIMT in both sexes, im-
plicating a possible atheroprotective role of DHEA-S in patients with type 2 
DM.
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Characteristics of participants (Values are mean (SD) unless otherwise 
specified)

Men Women Total p
n (%) 102 (60,4) 67 (39.6) 169
Age, years 66.5 (10.4) 66.3 (7.8) 65.2 (8.9) 0.13
BMI, kg/m2 30.3 (4.2) 32.9 (5.5) 31.9 (5.1) <0.001
Systolic BP, mmHg
Diastolic BP, mmHg

144.9 (18.40)
79.9 (9.5)

146 (16.8)
79.9 (8.4)

145.6 (17.4)
79.9 (8.8)

NS
NS

Hypertension n (%)
Well controlled
Moderate
Poor

63 (94.0)
4 (6.4)
26 (41.3)
33 (52.4)

98 (96.0)
8 (8.2)
35 (35.7)
55 (56.1)

161 (95.3)
12 (7.5)
61 (37.9)
88 (54.7)

NS

HbA1c (%)
Duration of DM, years

8.0 (2.0)
8.8 (6.9)

7.7 (1.9)
10.4 (7.7)

7.8 (1.9)
9.8 (7.4)

NS
NS

Total chol
HDL-chol
LDL-chol
Triglycerides
(mg/dl)

199.8 (40.5)
52.8 (8.2)
112.2 (33.5)
170.2 (96.4)

208.7 (39.3)
59.7 (10.5)
117.5 (31.5)
166.5 (101.7)

205.1 (39.9)
56.9 (10.2)
115.4 (32.3)
168.0 ( 99.4)

NS
<0.001
NS
NS

Pack years n (%)
0-3
>3-50
>50

20 (29.9)
23 (34.3)
24 (35.8)

93 (91.2)
9 (8.8)
0

113 (66.9)
32 (18.9)
24 (14.2)

0.002
0.016
NA

Antihypertensive drugs, 
no/yes (%)
Hypolipidemic drugs, 
no/yes (%)

6/94
65.7/34.3

3.9/96.1
55.9/44.1

NS
NS

DHEA-S, μg/l 1783.1 
(1019.0)

1355.8 (891.1) 0.005

Mean CCIMT, cm 0.073 (0.014) 0.070 (0.013) 0.071(0.013) NS

1346
Acute restoration of euglyacemia improves endothelial reactivity in type 
2 diabetes but alters relative contribution of nitric oxide to vasodilatation
A. Basu1, D. Nandy1, S. Lakshmi2, T. Curry2, R. Basu1, R.A. Rizza1, M.J. Joyner2; 
1Endocrinology,Metabolism & Nutrition, States, 2Anesthesiology, Mayo 
Clinic College Of Medicine, Rochester, United States.

Background and aims: Endothelial dysfunction commonly occurs in type 
2 diabetes (DM). We wished to determine the effects of acute restoration of 
euglycemia on forearm endothelial function.
Materials and methods: To do so we studied ten subjects with DM (age 
56.5±2.5 yrs, DM duration 6.5±1.2 yrs, BMI 29.5±2.3 kg/m2, HbA1c 7.2±0.2%), 
all on metformin 2000 mg/day. Venous occlusion plethysmography was used 
to measure brachial artery reactivity to intra-arterial graded infusions of ace-
tylcholine (Ach) (2, 4 and 8 µg/100 ml forearm volume/min) and sodium 
nitroprusside (NTP) (0.5, 1 and 2 µg/100 ml forearm volume/min) before 
and after intra-arterial L-NMMA infusion. Measurements were recorded af-
ter an overnight fast at ambient hyperglycemia (glucose 9.8±0.7 mM; insulin 
67.0±12.8 pM) and after 3 hours of euglycemia (glucose 5.5±0.1mM; insulin 
131.5±11.8 pM) obtained with an insulin infusion.
Results: Baseline forearm blood flow was higher (p<0.05) in the presence of 
euglycemia then hyperglycemia (3.7±0.5 vs. 2.2±0.3 ml/100 ml/min). Peak 
Ach (i.e. endothelial dependent) vasodilatation also was greater (p<0.05) in 
the presence of euglycemia than hyperglycemia (14.8±2.3 vs. 10.9±1.7 ml/100 
ml/min). On the other hand peak NTP induced (i.e. endothelium independ-
ent) vasodilatation did not differ in the presence of euglycemia and hyper-
glycemia (16.3±1.8 vs. 14.7±1.0 ml/100 ml/min). Of note, while L-NMMA 
inhibited (p<0.01) peak Ach mediated vasodilatation in the presence of hyper-
glycemia (8.0±1.7 vs. 10.9±1.7 ml/100 ml/min; post vs. pre L-NMMA), it did 
not alter Ach mediated vasodilatation in the presence of euglycemia (15.1±2.1 
vs. 14.8±2.3 ml/100 ml/min; post vs. pre L-NMMA) implying a nitric oxide 
mediated effect in the presence of hyperglycemia but not in the presence of 
euglycemia. On the other hand, L-NMMA did not alter NTP mediated va-
sodilatation in the presence of either hyperglycemia (15.3±1.6 vs. 14.7±1.0 
ml/100 ml/min) or euglycemia (17.7±1.7 vs. 16.3±1.8 ml/100 ml/min).
Conclusion: Thus, in people with DM, acute restoration of euglycemia im-
proves Ach mediated vasodilatation via a non-nitric oxide mediated mecha-
nism but does not alter NTP mediated vasodilatation.
Supported by: Novo Nordisk

1347
High plasma fetuin-A is associated with increased carotid intima-media 
thickness in a middle-aged population
N. Stefan1, C. Thamer1, K. Rittig1, A. Haupt1, J. Machann2, A. Peter1,  
B. Balletshofer1, A. Fritsche1, H.-U. Haring1; 
1Medical Clinic IV, 2 Section on Experimental Radiology, Department of 
Diagnostic Radiology, University of Tuebingen, Germany.

Background and aims: The secreted liver protein fetuin-A (α2-Heremans-
Schmid-glycoprotein, ASHG) is increased in fatty liver and is strongly associ-
ated with insulin resistance, and the metabolic syndrome. In addition, fetuin-
A promotes a state of subclinical inflammation. Therefore, fetuin-A represents 
a possible candidate linking fatty liver to type 2 diabetes and atherosclerosis. 
We investigated whether elevated plasma fetuin-A levels are associated with 
increased intima-media thickness (IMT) of the common carotid artery in a 
middle-aged population at risk for type 2 diabetes, and therefore, may serve 
as an early biomarker of vascular defects.
Materials and methods: We studied 315 (121 males and 194 females) non-
diabetic subjects at increased risk for type 2 diabetes and cardiovascular dis-
ease. IMT was measured with high resolution ultrasound (13 MHz). Total 
body fat was measured using magnetic resonance imaging.
Results: In a forward stepwise multivariate linear regression analysis includ-
ing gender, age, total body fat, plasma fetuin-A levels, systolic and diastolic 
blood pressure, HDL-cholesterol and triglycerides as independent variables 
only age (p<0.0001), gender (p<0.0001), plasma fetuin-A (p=0.04) and HDL-
cholesterol (p=0.1) predicted IMT at significance level of p<0.15. In an ad-
ditional multivariate regression model, plasma fetuin-A was an independent 
predictor of IMT (p=0.04) after adjustment for the independent variables age, 
gender and HDL-cholesterol.
Conclusion: The present study provides novel evidence that high fetuin-A 
levels are independently associated with early anatomical changes of the ves-
sel wall already in middle-aged subjects without manifest cardiovascular dis-
ease. Thus, plasma fetuin-A represents an interesting candidate in the patho-
physiology of atherosclerotic lesions in patients at risk for type 2 diabetes 
and/or cardiovascular disease.
Supported by: Deutsche Forschungsgemeinschaft, KFO 114

1348
Impaired diffusing capacity for carbon monoxide in children and 
adolescents with type 1 diabetes: is this the first sign of long-term 
complications?
M. Morelli1, A. Scaramuzza1, M. Rizzi2, S. Borgonovo1, C. Mameli1,  
L. Santoro1, G. Zuccotti1; 
1Paediatrics, 2Respiratory Medicine, University of Milano - Luigi Sacco 
Hospital, Milano, Italy.

Background and aims: The pathogenesis of diabetic complications is still 
matter of debate and is thought to involve both microangiopathic process 
and non enzymatic glycosylation of tissue proteins. The aim of our study was 
to assess the presence of lung dysfunction in adolescents with type 1 diabetes, 
and if the alteration of the pulmonary capacity depends more on the reduc-
tion of the diffusing capacity of the alveolar-capillary membrane or of the 
pulmonary capillary blood volume.
Materials and methods: We evaluated 42 consecutive young patients (23 
males), ages 15±3 yrs, with type 1 diabetes for 8±5 yrs (height 164±12cm, 
weight 59±15 kg). As controls we evaluated 30 healthy age and sex-matched 
peers. Both patients and controls were non smokers and didn’t report any lung 
disease. Lung volumes and spirometric dynamic parameters were assessed 
by plethysmography (VMAX277 Autobox V6200), performed in accordance 
with European Respiratory Society and American Thoracic Society criteria. 
Single-breath DLCO was measured according to the recommendation above 
mentioned. Double measurements were accepted when estimates of DLCO 
and effective alveolar volume differ by 5%. The interval between measure-
ments was 5 min and the tests were performed in the standing position. The 
carbon monoxide transfer coefficient (KCO) was derived. The diffusing ca-
pacity of the alveolar-capillary membrane and the pulmonary capillary blood 
volume were calculated using the Roughton and Foster equation
Results: Anthropometric data and pulmonary function tests of the patients 
and controls are shown in the Table.
Conclusion: Lung volumes, the transfer factor (TLCO), KCO and the pulmo-
nary capillary blood volume (Vc) were significantly reduced in young patients 
with type 1 diabetes when compared to controls. However, when differentiat-
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ing the alveolar-capillary membrane component and the pulmonary capillary 
blood volume component, we observed a significant impairment only about 
pulmonary capillary blood volume component. If this might be seen as the 
‘first’ sign of microangiopathic involvement in patients with type 1 diabetes 
have to be confirmed on larger groups but is still fascinating.

Anthropometric data and respiratory function vales in diabetes patients and 
controls.

Patients with type 1 
diabetes
n = 42

Controls
n = 30

Significance

Age (yrs) 15±3 16±1 NS
Height (cm) 164±12 167±9 NS
Weight (kg) 59±15 63±6 NS
FVC (%predicted) 101±14 120±5 0.0001
FEV1 (5 predicted) 95±13 114±7 0.0001
TLCO (% predicted) 107±14 115±13 0.05
RV/TLCO (% predicted) 107±24 99±12 NS
DLCO (% predicted) 78±16 120±16 0.0001
KCO (% predicted) 86±15 115±12 0.0001
DM (ml/mim/mmHg) 23±14 26±3 NS
Vc (ml) 34±20 88±18 0.0001

PS 128 Cardiovascular disease and 
diabetes
1349
Insulin sensitivity, hyperglycaemia and risk of all-cause mortality and 
cardiovascular disease events in the general population - the AusDiab 
study
E.L.M. Barr1,2, A.J. Cameron1,2, P.Z. Zimmet1,2, B. Balkau1,3, T.A. Welborn4, 
A.M. Tonkin2, J.E. Shaw1,2; 
1Department of Epidemiology and Clinical Diabetes, Baker IDI Heart and 
Diabetes Institute, Melbourne, Australia, 2Department of Epidemiology and 
Preventive Medicine, Monash University, Melbourne, Australia, 3INSERM 
U780, Villejuif; University Paris-Sud, Orsay, France, 4Department of 
Medicine, University of Western Australia, Crawley, Australia.

Background and aims: To assess the independent associations of insulin 
sensitivity, glucose and HbA1c with all-cause mortality and cardiovascular 
disease (CVD) events in individuals without diagnosed diabetes.
Materials and methods: Between 1999-2000, baseline measures of fasting 
insulin, plasma glucose and lipids, two-hour plasma glucose, HbA1c, blood 
pressure, self-reported medication use, smoking and history of CVD were 
collected from 8533 adults aged >35 years from the Australian Diabetes, 
Obesity and Lifestyle (AusDiab) study. Insulin sensitivity was estimated by 
the homeostasis model assessment (HOMA2-%S). Five year all-cause mor-
tality and fatal or non-fatal CVD events were ascertained through linkage to 
the National Death Index and adjudication of medical records.
Results: After a median 5.0 years there were 277 deaths and 225 CVD events. 
HOMA2-%S was not associated with all-cause mortality. However, compared 
to those who were most insulin sensitive, the CVD (fatal or non-fatal) HR 
(95% CI) for quintiles of decreasing HOMA2-%S were 1.0 (0.6-1.8), 1.4 (0.9-
2.3), 1.6 (1.0-2.5), 1.9 (1.2-3.0), adjusting for age and sex (p for trend <0.01). 
Smoking, CVD history, hypertension, lipid-lowering medication and total 
cholesterol attenuated this relationship; but the association was rendered 
non-significant by adding HDL-C (p for trend = 0.16). Fasting plasma glu-
cose (FPG), but neither 2hPG nor HbA1c, was significantly associated with 
CVD independent of HOMA2-%S.
Conclusion: In individuals without diagnosed diabetes, HOMA2-%S showed 
no association with all-cause mortality. The significant association between 
HOMA2-%S and CVD disappeared after adjusting for HDL-C. FPG was a 
significant predictor of CVD independent of HOMA2-%S.
Supported by: NHMRC (379305, 233200), NHF Australia (PP 05M 2346, 
PP04M 1794 and RES17-01 2005) and AIHW

1350
Five-year incidence of coronary heart disease in type 2 diabetes. 
Comparison with the predicted risk by Framingham and UKPDS engines
A. Kofinis, A. Thanopoulou, L. Milika, E. Dimaki, M. Noutsou, E. Spanou, 
B. Karamanos, A. Archimandritis; 
Diabetes Centre, 2nd Department of Internal Medicine, National University 
of Athens, Hippokration, Greece.

Background and aims: To assess the incidence of Coronary Heart Disease 
(CHD) in patients with type 2 diabetes mellitus (T2DM) and its relation to 
various risk factors, as well as to assess the predictive value of Framingham 
and UKPDS risk engines in a Greek population of patients with T2DM.
Materials and methods: We followed 941 consecutive patients with T2DM, 
who were examined for the first time at the outpatient clinic. At the 5th year 
of follow-up complete data was available, for 886 of them (94.2%). At base-
line 658 of the patients (47.6% men) did not have macroangiopathy and were 
included in the present analysis. The mean age was 58.3 years and median 
diabetes duration 5 years. Hypertension was present in 45.6%, dyslipidemia 
in 41.0%, while 47.9% of the patients were current or ex-smokers. CHD was 
diagnosed according to UKPDS criteria, based on ECG findings, myocardial 
infarction, coronary angioplasty or grafting or CHD mortality. HbA1c was 
measured at least 15 times during the 5 years of follow-up and lipid levels at 
least 5 times.
Results: The 5-year incidence of CHD was 6.8%, much lower than the predict-
ed for this population by Framingham (10.01%, p<0.05) and UKPDS (9.99%, 
p<0.05) risk calculators. The above risk engines did not differ between them 
in risk prediction. At baseline, patients who later developed CHD did not 
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differ in sex, age, diabetes duration, ΒΜΙ, blood pressure, lipid levels, HbA1c, 
hypertension and dyslipidemia prevalences and smoking habits from those 
who did not develop CHD. During follow-up, patients without CHD showed 
significant improvement from baseline in HbA1c (7,5vs7,1%), in lipid lev-
els (Cholesterol 225vs214mg%, Triglycerides 161vs149mg%, LDL 149vs138 
mg%) and creatinine (1,03vs0,97 mg%), p<0,01 for all. Patients who devel-
oped CHD shoed improvement only in triglyceride levels (212vs144 mg%).
Conclusion: a) The 5-year incidence of CHD in Greek patients with T2DM 
is significantly lower than that predicted by Framingham and UKPDS risk 
engines, meaning that these engines should be used with caution in the Greek 
and possibly other populations b) These engines provide similar prediction 
of CHD in T2DM c) In spite of the short duration of follow-up, metabolic 
control improvement (HbA1c, lipid levels) may possibly decrease CHD in-
cidence.

1351
Glycaemic control reduces the platelet-activating factor acetylhydrolase 
activity (PAF-AH activity) in type 2 diabetes mellitus
J. Cubero1, I. Vinagre1, J. Sánchez-Quesada2, J. Sánchez-Hernández3,  
L. Santos1, F. Blanco-Vaca4, J. Ordóñez-LLanos2, A. Pérez3; 
1Endocrinology and Nutrition, 2Biochemistry, 3Endocrinology and 
Nutrition-CIBERDEM, 4Biochemistry-CIBERDEM, Hospital Santa Creu i 
Sant Pau, Barcelona, Spain.

Background and aims: The platelet-activating factor acetylhydrolase activ-
ity (PAF-AH activity) is a phospholipase A2 associated to the lipoproteins 
that hydrolyzes the platelet-activating factor (PAF) and oxidizes the phos-
pholipids. It is considered that plays an important role in the development of 
atherosclerosis and its complications. The aim of our study was to determine 
the relationship between the PAF-AH and the glycaemic control in type 2 
diabetes mellitus. 
Materials and methods: In a cross-sectional study, we evaluated 131 type 2 
diabetes mellitus subjects and 89 healthy individuals as controls. We did a 
new evaluation in 54 patients after improving the glycaemic control. We de-
termined anthropometric parameters, HbA1c, lipid profile, apolipoproteins A 
and B, leptin and adiponectin. The PAAF-AH activity was determined using 
2 thio-PAF as a substrate (Cayman Chemical).
Results: In diabetic subjects total PAF-AH was 20.7±6.9 μml/min/mL and it 
was 18.9±6.3μml/min/mL in healthy controls (p=0.058). In the diabetic sub-
jects, PAF-AH had a correlation with HbA1c (r=304, p<0.001) and LDL cho-
lesterol (r=353; p<0.001) and apolipoprotein B (r=223, p<0.01) concentra-
tions. The improvement in glycaemic control (HbA1c 9.7±1.8% vs 7.6±1.1%; 
p<0.01) carried a reduction in PAF-AH (19.9±8.2 vs 17.2±5.6μml/min/mL, 
p<0.001).
Conclusion: Type 2 diabetic patients show a tendency to a better PAF-AH 
activity and it is related to the glycaemic control.

1352
Prevention of cardiovascular disease through glycaemic control in type 2 
diabetes. A meta-analysis of randomized clinical trials
M. Monami, C. Lamanna, N. Marchionni, E. Mannucci; 
Critical Care Medicine and Surgery, Unit of Gerontology - University of 
Florence, Italy.

Background and aims: Randomized clinical trials (RCTs) aimed at the as-
sessment of the efficacy of lowering blood glucose in the prevention of dia-
betic complications have always failed to detect a significant effect on cardio-
vascular events. Aim of this meta-analysis is the assessment of the effects of 
improvement of glycemic control on the incidence of cardiovascular diseases 
in patients with type 2 diabetes.
Materials and methods: The RCTs were included in this meta-analysis if: a) 
the between-group difference in mean HbA1c during the trial was at least 
0.5%, b) they had a planned duration of treatment of at least 3 years, c) if 
they had a cardiovascular endpoint. Data for analysis were extracted inde-
pendently by two observers and potential contrasts were resolved by a senior 
investigator.
Results: Five studies (17,267 and 15,362 patients in the intensive and conven-
tional therapy groups, respectively) were included. Intensive treatment, which 
reduced mean HbA1c by 0.9% on average, was associated with a significant 
reduction of incident cardiovascular events and myocardial infarction (OR 
0.89[0.83-0.95] and 0.86[0.78-0.93], respectively), but not of stroke or cardio-

vascular mortality (OR 0.93[0.81-1.07] and 0.98[0.77-1.23], respectively). In 
meta-regression analysis, a higher BMI duration of diabetes, and incidence 
of severe hypoglycaemia were associated with greater risk for cardiovascular 
death in intensive treatment groups.
Conclusion: Intensified hypoglycaemic treatment in type 2 diabetic patients 
leads to a significant reduction of the incidence of myocardial infarction, 
while it does not affect the incidence of stroke and cardiovascular mortal-
ity. Hypoglycemia induced by intensified treatment could be associated with 
increased cardiovascular mortality.

1353
Osteoprotegerin is associated with markers of atherosclerosis in type 2 
diabetes patients
B. Idzior-Waluś1, M. Waluś-Miarka1, B. Katra1, D. Fedak2, D. Czarnecka3, 
M.T. Malecki1; 
1Department of Metabolic Diseases, 2Department of Clinical Biochemistry, 
3Department of Cardiology, Jagiellonian University, Kraków, Poland.

Background and aims: Osteoprotegerin is a glycoprotein from the tumor 
necrosis factor receptor superfamily, involved in bone remodeling. In general 
population, osteoprotegerin levels are positively correlated with the presence 
and severity of coronary artery disease and progression of atherosclerosis. 
However it is little known about the relation of osteoprotegerin and cardio-
vascular disease in type 2 diabetes. The aim of this study was to determine the 
relationship between serum osteoprotegerin concentration and some mark-
ers of atherosclerosis and heart failure assessed by measurements of pulse 
wave velocity and NT-pro-BNP concentrations in a group of patients with 
type 2 diabetes.
Materials and methods: Material included 98 consecutive patients with type 
2 diabetes from diabetes outpatient clinic, aged 40-70 years. In each subject 
osteoprotegerin, NT-pro-BNP, lipid profile (total, high density lipoprotein 
[HDL], low density lipoprotein [LDL] cholesterol and triglycerides), homo-
cysteine, fasting glucose and glycated hemoglobin were evaluated. All sub-
jects had bone mineral density assessed by dual-energy X-ray absorptiometry 
(DEXA). Total and percentage of visceral fat were assessed by DEXA. Serum 
lipids were measured by enzymatic methods using Roche reagents and ho-
mocysteine by enzyme-linked immunosorbent assay using R&D reagents. 
Osteoprotegerin was analyzed by ELISA method, NT-pro-BNP by electro-
chemiluminescence method (ECLIA Roche). Glycated hemoglobin was de-
termined by high pressure liquid chromatography (HPLC). Carotid - femoral 
pulse wave velocity (PWV) was assessed using Complior system.
Results: Mean age of patients was 59,6±10,7 years, mean glycated hemo-
globin values 7.3±1.6 %, BMI 31,2±3,8kg/m2. Mean values of osteoprote-
gerin were 4.528±1.38pmol/l, in men 4.27±1.2, in women 4.83±1.36, p=ns. 
Mean values of serum homocysteine were 16.4+/-5.4 μmol/l, higher in men 
than in women (17.6+/-5.2 and 14.47+/-5.2 μmol/l, respectively [p<0.05]). 
Total cholesterol, LDL and HDL cholesterol and triglyceride levels were 
as follows: 5.4±1.74 mmol/l, 2.8±1.2 mmol/l 1.2±0.42 mmol/l and 3.4±5.4 
mmol/l. Mean and median values of NT-pro-BNP were 186.6±341 and 63.2 
pg/ml, higher in women than in men: 265.4±400.4, median 102.2 pg/ml vs 
141.1±300, median 51.03 pg/ml, respectively (p<0.05). In the whole group 
of patients osteoprotegerin concentration correlated significantly positively 
with age (r=0.48), NT-pro-BNP (Spearman correlation coefficient R = 0.41), 
pulse wave velocity (r=0.43), pulse pressure (r = 0.43) and with percentage 
of total fat (r = 0.58). No correlation between plasma lipids, homocysteine 
levels, blood pressure, glycated hemoglobin or bone mineral density with 
osteoprotegerin levels were observed. Multiple regression analysis with os-
teoprotegerin as dependent variable and NT-pro-BNP, PWV and percentage 
of total fat as independent variables, revealed that only PWV (beta = 0.379, p 
= 0.02) and percentage of total fat (beta = 0.473, p = 0.005) were significantly 
associated with osteprotegerin level.
Conclusion: The results of this study indicate that serum osteoprotegerin is 
associated with arterial stiffness and percentage of fat mass in patients with 
type 2 diabetes.
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1354
Copeptin predicts and explains the association between IGFBP-1 and 
cardiovascular events in patients with type 2 diabetes and myocardial 
infarction
S.-B. Catrina1, L.G. Mellbin2, N.G. Morgenthaler3, I.R. Botusan1, L. Rydén2, 
J. Öhrvik2, K. Brismar1; 
1Molecular Medicine and Surgery, Karolinska Institute, Stockholm, Sweden, 
2Cardiology Unit, Department of Medicine, Karolinska Institute, Stockholm, 
Sweden, 3Research Department, BRAHMS AG Biotechnology Centre, 
Henningsdorf/Berlin, Germany.

Background and aims: High levels of the IGF Binding Protein-1 (IGFBP-
1) are associated with impaired prognosis in patients with type 2 diabetes 
(DM) and acute myocardial infarction (MI). Copeptin, a surrogate marker 
for vasopressin, is a novel cardiovascular prognostic predictor. Infusion of 
vasopressin increases IGFBP-1 in humans. The present study analyzed the 
relation between copeptin and IGFBP-1 and their impact on the prognosis in 
patients with DM and MI.
Materials and methods: Copeptin and IGFBP-1 was analysed at the time 
for hospitalisation in 393 patients with type 2 DM and MI (a subgroup from 
the DIGAMI 2 trial). No patient was lost to follow and all endpoints were 
independently adjudicated. Multiple Cox proportional hazard regression 
was used to study the relation between copeptin, IGFBP-1 and cardiovascu-
lar (CV) events (cardiovascular death, reinfarction and stroke) and to adjust 
for a number of possible confounders of which only age was of significant 
importance.
Results: There was a positive correlation between the levels of copeptin and 
IGFBP-1 (Spearman’s rank correlation r = 0.53; p<0.001). During a median 
follow-up of 2.1 years 95 (24%) patients died, 77 of cardiovascular causes. 
Fifty-nine (15%) patients had a nonfatal reinfarction and 25 (6%) a nonfatal 
stroke. The age adjusted Hazard Ratio (HR) for CV mortality was 1.32 (95% 
CI 0.99-1.74; p = 0.05) for log IGFBP-1 and 1.33 (95% CI 1.08-1.64; p = 0.008) 
for log copeptin. The age adjusted HR for CV events was 1.06 (95% CI 0.87-
1.299; p = 0.55) for log IGFBP-1 and 1.36 (95% CI 1.16-1.59; p < 0.001) for 
log copeptin.
Conclusion: This study shows that copeptin, a surrogate marker for vaso-
pressin may, at least partially, explain the prognostic impact of IGFBP-1 in 
patients with type 2 DM and MI. Since copeptin is an independent predictor 
for fatal and non-fatal cardiovascular events it becomes of interest to study 
agents decreasing the action of vasopressin as a possibility to improve the 
serious prognosis in this category of patients.
Supported by: Family Stefan Persson Foundation and AFA Insurance

1355
Type 2 diabetes and the coronary angiographic state are mutually 
independent predictors of future vascular events among angiographied 
coronary patients
C.H. Saely1,2, T. Gansch1, S. Greber1, A. Vonbank1,3, P. Rein1,2, S. Beer1,3,  
T. Marte1,2, H. Drexel1,2; 
1VIVIT Institute, Feldkirch, Austria, 2Department of Internal Medicine, 
Academic Teaching Hospital Feldkirch, Austria, 3Private University in the 
Principality of Liechtenstein, Triesen.

Background and aims: Type 2 diabetes (T2DM) in cross-sectional studies is 
associated with coronary artery disease (CAD) and prospectively confers a 
strongly increased risk of vascular events. It is not certain to what extent the 
baseline CAD state accounts for the increased vascular risk of diabetic pa-
tients in prospective studies because angiography usually is not performed.
Materials and methods: We therefore enrolled 750 consecutive patients un-
dergoing coronary angiography for the evaluation of stable CAD. At angiog-
raphy, CAD was diagnosed in the presence of any irregularities of the vessel 
wall. Stenoses ≥50% were considered significant, and the extent of CAD was 
defined as the number of significant stenoses in a patient. Vascular events 
were recorded over 8 years.
Results: The prevalence of CAD (87.8% vs. 80.4%; p = 0.029) and of sig-
nificant stenoses (69.5% vs. 58.4%; p = 0.010) as well as the extent of CAD 
(1.7 ± 1.5 vs. 1.4 ± 1.5; p = 0.014) were significantly higher in patients with 
T2DM (n = 164) than in nondiabetic subjects (n = 586). Prospectively, vas-
cular events occurred in 257 patients (34.3% of the study population). T2DM 
after multivariate adjustment strongly predicted vascular events (adjusted 
hazard ratio (HR) = 1.55 [1.17-2.05]; p = 0.002). Also, the presence of CAD 
(HR = 3.59 [2.11-6.13]; p <0.001), the presence of significant stenoses (HR = 

2.29 [1.70-3.09]; p <0.001) and the extent of CAD (standardized adjusted HR 
= 1.40 [1.25-1.56]; p <0.001) significantly predicted vascular events. These 
angiographic characteristics still predicted vascular events after additional 
adjustment for T2DM (HR = 3.46 [2.03-5.91], p <0.001; 2.24 [1.66-3.02], p 
<0.001; and 1.38 [1.24-1.54], p <0.001, respectively). Conversely, T2DM re-
mained strongly and significantly predictive of future vascular events after 
adjustment for the presence and extent of CAD (HR = 1.41 [1.07-1.87]; p = 
0.016). 
Conclusion: Among angiographied coronary patients, the presence and the 
extent of CAD are higher in patients with T2DM than in nondiabetic indi-
viduals. Prospectively, T2DM and the baseline CAD state are mutually inde-
pendent predictors of future vascular events.

1356
The metabolic syndrome is associated with maladaptive carotid 
remodeling - The Hoorn Study 
H.J.B. Beijers1, R.M.A. Henry2, B. Bravenboer1, I. Ferreira2,3, J.M. Dekker4, 
G. Nijpels4, C.D.A. Stehouwer2; 
1Department of Internal Medicine, Catharina Hospital, Eindhoven, 
2Department of Internal Medicine, Maastricht University Medical Centre, 
3Department of Clinical Epidemiology and Medical Technology Assessment, 
Maastricht University Medical Centre, 4Institute for Research in Extramural 
Medicine, VU University Medical Centre, Amsterdam, Netherlands.

Background and aims: The metabolic syndrome (MetS) is associated with an 
increased risk of ischemic stroke. The underlying pathophysiology is poorly 
understood. Arterial remodeling, i.e. structural changes of the arterial wall, 
could play an important role as maladaptive remodeling (i.e., an increase in 
circumferential wall stress (CWS) despite changes of the arterial wall) is a 
risk factor for ischemic stroke. The purpose of this study was therefore to 
investigate, in a population-based cohort, whether MetS is associated with 
maladaptive remodeling.
Materials and methods: We studied 385 (n=195 women) non-diabetic, elder-
ly subjects. A continuous MetS z-score (average of the sex-specific z-scores of 
the 5 individual MetS traits) was constructed. Intima-media thickness (IMT) 
and inter-adventitial diameter (IAD) of the carotid artery were assessed by ul-
trasonography, and lumen diameter (LD) and CWS were calculated. Multiple 
linear regression analyses were used to investigate the associations between 
MetS and carotid arterial properties.
Results: After adjustment for potential confounders (i.e. sex, age, height, 
LDL-cholesterol, use of statins, prior CVD and smoking), the MetS z-score 
was independently associated with greater IAD (regression coefficient (β) per 
SD increase in MetS z-score (95%CI)), 0.46 mm (0.27; 0.64)), LD (0.41 mm 
(0.23; 0.59)) and CWS (11.17 kPa (7.17; 15.17)). No statistically significant 
association was found between the MetS z-score and IMT (0.025 mm (-0.003; 
0.053)). In addition, the reported associations were not mediated by inflam-
matory, metabolic or hemodynamic factors (expressed as high sensitivity C-
reactive protein, adiponectin and the homeostatic model for the assessment 
of insulin resistance (HOMA-IR), and pulse and mean arterial pressure, re-
spectively).
Conclusion: MetS is associated with greater CWS, which is the result of 
changes in LD, IAD and, to a lesser extent, IMT of the carotid artery. This 
process of arterial remodeling thus seems maladaptive and may therefore ex-
plain, at least partially, the increased risk of ischemic stroke in MetS. 
Dr. Ferreira is supported by a research grant from the Dutch Heart Foundation

1357
Paraoxonase 192 Q/R gene polymorphism, enzyme activity and coronary 
heart disease in type 2 diabetes
M. Gorshunska, I. Karachentsev, L. Atramentova, N. Krasova,  
T. Tyzhnenko, A. Pochernyaev, Z. Leshchenko, G. Fedorova, A. Gladkih,  
N. Kravchun, O. Khizhnyak, V. Poltorak; 
SI “V. Danilevsky Institute of Endocrine Pathology Problems of AMS of 
Ukraine”, Kharkiv, Ukraine.

Background and aims: It has been known the high prevalence coronary 
heart disease (CHD) and dysglycaemia in Ukrainian population. Paraoxo-
nase 1 (PON1) is a HDL-associated enzyme playing an important role in 
organophosphate detoxification and prevention of atherosclerosis (PON1 
can protect LDL and HDL from oxidation at a certain extent). Variations 
in the PON1 gene (192 Q/R) which can be risk factors for CHD have been 
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described in different population but not in Ukrainian one. The study was 
undertaken to identify the PON1 Q192R polymorphism and to explore its 
impact on CHD in Ukrainian population including type 2 diabetes mellitus 
(T2D) patients.
Materials and methods: Two groups of subjects of both sexes were enrolled 
and compared: 123 healthy control subjects (C, M/F 86/47, age 55.3±2.5 yrs) 
and 96 T2D patients with CHD (T2Ds, M/F 28/68, age 56.2±1.4 yrs, diabetes 
duration 9.4±1.0 yrs, BMI 30.7±0.8 kg/m2) under suboptimal or poor glycae-
mic control. DNA was amplified with PCR followed by restriction enzyme 
digestion. The products were size-separated on 2% agarose gel, stained with 
ethidium bromide, and pictured on an ultraviolet light box. Serum PON1 
activity toward paraoxon was measured spectrophotometrically.
Results: The overall PON1 genotype distribution in C (QQ 39.0 %; QR 52.0 
%; RR 9.0 %) was consistent with Hardy-Weinberg equilibrium (χ2=2.52, 
p>0.05), and the allele frequencies were similar to those in other Caucasian 
populations. There was no gender differences in allele frequencies (F: Q/R 
0.68/0.32 vs M: Q/R 0.64/0.36, p>0.05). In T2Ds allele frequencies were simi-
lar to C (F: Q/R 0.67/0.33 vs M: Q/R 0.79/0.21, p>0.05). But we observed 
difference in the PON1 genotype distribution between groups (χ2=13.4, 
p<0.01). The genotype distributions in T2Ds were: QQ 57.0 %, QR 26.0 %, 
RR 17.0 %. Thus, there were more homozygous T2Ds (for both Q and R al-
leles) as compared to C. Relative risk (the odds ratio) of studied pathologies 
development in population for QQ and RR homozygote was 1.46 [95% CI 
1.18 - 1.74, p<0.05] and 1.86 [95% CI 1.13 - 2.60, p=0.05], respectively, and 
for QR heterozygote was 0.50 [95% CI 0.12 - 0.88, p<0.05]. Serum PON1 
activity was significantly decreased in T2Ds as compared to C (p<0.01), and 
PON1 genotype had the effect on enzyme activity level: the presence of QQ 
genotype was accompanied by lower (4-fold) PON1 activity than RR geno-
type (p<0.002).
Conclusion: The study provides first evidence for the potential role of PON1 
Q192R polymorphism in protection of T2D patients from CHD in Ukrainian 
population and demonstrates heterosis effect at this locus, which may be due 
to different type of enzymatic activities of isozymes. These findings warrant 
further investigation to clarify their pathogenic mechanisms.

1358
Relationship between carotid intima-media thickness with plaque and 
brachial-ankle pulse wave velocity in patients with type 2 diabetes
B. Kim1, Y. Jeon1, S. Kim1, S. Lee1, D. Lee1, Y. Kang1, S. Son1, C. Lee2, J. An3, 
I. Kim1, Y. Kim1; 
1Department of Internal Medicine, Pusan National University School of 
Medicine, 2Department of Internal Medicine, Busan St.Mary’s Medical 
Center, 3Department of Internal Medicine, Good Moonhwa Hospital, 
Busan, Republic of Korea.

Background and aims: Carotid intima-media thickness (IMT) and pulse 
wave velocity(PWV) have been shown to be good surrogate markers of 
clinical atherosclerosis. Recently, brachial-ankle PWV(baPWV) has been 
developed as a more noninvasive and convenient methods for assessment of 
arterial stiffness. Several studies have demonstrated a significant correlation 
between aortic PWV and carotid IMT. However, the interrelation between 
carotid IMT and baPWV in type 2 diabetes patients has not yet been fully 
clarified. We determined the relationship between carotid IMT with plaque 
and baPWV in patients with type 2 diabetes mellitus(DM)
Materials and methods: One hundred twenty two patients (56 men, 66 
women, mean age 60.8±10.5 years, mean DM duration 7.0±7.3 years) were 
included. Subjects with type 1 diabetes, peripheral artery obstructive disease 
were excluded. Carotid IMT and plaque formation was assessed using B-
mode ultrasonography at both common carotid artery(CCA)[10mm distal to 
the bifurcation], bifurcation and internal carotid artery(ICA)[10mm proxi-
mal to the bifurcation]. baPWV was measured using an automated device.
Results: Maximal baPWV was 1648±363.2 cm/sec, mean IMT of Rt. carotid 
artery was 0.73±0.20mm, mean IMT of Lt. carotid artery was 0.79±0.26mm, 
maximal IMT of carotid artery was 1.19±0.41mm, and plaque was found in 
11% of subjects. In bivariate correlation analysis, maximal baPWV was sig-
nificantly correlated with IMT of Rt. CCA (r=0.322, p<0.01), mean IMT of 
Rt. carotid artery(r=0.235, p<0.01), IMT of Lt. CCA (r=0.221, p=0.02), mean 
IMT of Lt. carotid artery(r=0.412, p<0.01), maximal IMT of carotid artery 
(r=0.409, p<0.01) and plaque (r=0.369, p<0.01). Maximal IMT of carotid 
artery was significantly associated with age(r=0.314, p<0.01), systolic blood 
pressure(SBP)(r=0.369, p<0.01) and DM duration (r=0.200, p<0.03). The 
existence of plaque was significantly associated with age(r=0.265, p<0.01), 
SBP(r=0.271, p<0.01) and DM duration (r=0.224, p=0.02). Multiple regres-

sion analysis was performed with maximal IMT of carotid artery and plaque 
as a dependent variable respectively. Maximal IMT of carotid artery was sig-
nificantly correlated with SBP(β =0.269, p<0.01). The existence of plaque was 
significantly correlated with maximal baPWV (β =0.280, p=0.02).
Conclusion: baPWV was significantly correlated with carotid IMT and 
plaque in patients with type 2 diabetes.

1359
Impact of glycaemic control on the prognosis of diabetic patients with 
critical limb ischaemia
M. Takahara1, O. Iida2, S. Gorogawa2, M. Ikeda2, M. Kubota1, H. Kaneto1, 
M. Matsuhisa1; 
1Internal Medicine and Therapeutics, Osaka University Graduate School of 
Medicine, Japan, 2Department of Internal Medicine, Kansai Rosai Hospital, 
Hyogo, Japan.

Background and aims: Critical limb ischaemia (CLI) has a poor prognosis 
for both survival and limb salvage and often requires a revascularization pro-
cedure. Diabetes mellitus is one of the major risk factors for CLI and its prev-
alence is considerably high in patients with CLI. Few studies have, however, 
examined predictive indicators for mortality and lower extremity amputation 
in diabetic patients with CLI, especially treated with endovascular therapy. 
The aim of this study was to reveal the influence of a variety of possible risk 
factors including poor glycaemic control on their outcome.
Materials and methods: We recruited 176 consecutive patients with diabe-
tes mellitus, who underwent percutaneous transluminal angioplasty (PTA) 
for CLI between 2003 and 2008. The outcome measures were mortality and 
major amputation, and Cox proportional hazards regression analyses were 
performed. The variables in the analyses included age, gender, activity of dai-
ly living (ADL) assessmemt, history of cardiovascular disease, haemoglobin 
A1c (HbA1c), C-reactive protein (CRP), ejection fraction, and receiving 
regular haemodialysis.
Results: HbA1c levels were 7.1 ± 1.4% and follow-up period was 1.5 ± 1.2 
years (mean ± SD). One hundred and sixteen patients had infrapopliteal le-
sions revascularized. Forty seven patients (26.7%) underwent major amputa-
tions and 54 patients (30.7%) died. In the multivariable model, HbA1c, as 
well as CRP and low ADL, was significantly associated with major amputa-
tion; adjusted hazard ratios (HR) of HbA1c, CRP and low ADL were 1.36 per 
1% increase (p = 0.029), 1.16 per 1 mg/dl increase (p = 0.028), and 2.96 (p = 
0.008), respectively. On the other hand, independent predictors for mortality 
were low ADL (HR 3.13; p = 0.002), receiving regular haemodialysis (HR 
2.98; p = 0.009) and impaired ejection fraction (HR 1.02 per 1% decrease; p = 
0.016). There was no significant association between HbA1c and mortality.
Conclusion: Poor glycaemic control, indicated by an elevated value of 
HbA1c, predicts major amputation, but not mortality, in diabetic patients 
with CLI undergoing PTA. Prognostic predictors seem somewhat different 
between survival and limb salvage in the population.
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1360
A proinflammatory and prothrombotic environment in young 
individuals with type 1 diabetes: the effects of glycaemic control
T. Koko1,2, K. Hess, M. Mathia, K.F. Standeven, P. Holland, A.M. Carter,  
F. Phoenix, P.J. Grant and R.A. Ajjan; 
1Diabetes Center, Leeds General Infirmary, 2Department of Cardiovascular 
and Diabetes Research, The LIGHT Laboratories, University of Leeds, 
United Kingdom.

Background and aims: Raised C-reactive protein (CRP) and complement 
C3 plasma levels are associated with increased risk of cardiovascular events. 
In addition to inflammatory molecules, fibrin clot structure has been linked 
to cardiovascular disease, as compact clots are associated with premature and 
more severe atherothrombotic conditions. Although the atherosclerotic proc-
ess starts at an early age, little is known about CRP and C3 plasma levels in 
younger individuals with type 1 diabetes (T1DM). Also, studies investigating 
blood clot structure in this cohort are still lacking. The present work analyses 
CRP and C3 plasma levels and evaluates fibrin clot structure in children with 
T1DM and results are compared to normal control individuals.
Materials and methods: ELISA was used to determine CRP and C3 plasma 
levels in 30 Type 1 DM children [14 yrs (range 11-17)] and 17 age matched 
controls, whereas fibrin clot structure was studied using a validated turbidi-
metric assay.
Results: T1DM children had higher C3 levels (mean±SEM) compared with 
controls (1.13±0.24 versus 0.83±0.24 mg/ml respectively; p<0.001), whereas 
the difference in CRP levels failed to reach statistical significance (0.85±1.36 
versus 0.5±1.21 mg/l respectively; p=0.06). Clot final turbidity, an indicator 
of clot density, was higher in diabetes children at 0.38±0.01 au, compared 
with controls (0.31±0.02 au ;p<0.01). Clot final turbidity correlated positively 
with C3 plasma levels (r=0.39, p<0.01) but not CRP, suggesting an interaction 
between C3 and clot structure.
Conclusion: This is the first report describing a denser ex vivo clot structure 
and elevated C3 levels in children with T1DM, further confirming that the 
vascular inflammatory/thrombotic process starts at a young age in individu-
als at risk.

1361
Vitamin D levels and mortality in type 2 diabetes
C. Joergensen1, M.-A. Gall1, A. Schmedes2, L. Tarnow1, H.-H. Parving3,  
P. Rossing1; 
1Steno Diabetes Center, Gentofte, 2Dept. of Clinical Biochemistry, Lillebaelt 
Hospital, Vejle, 3University Hospital of Copenhagen, Denmark.

Background and aims: Low levels of vitamin D is independently associated 
with an increased all-cause mortality risk in the general population. This 
study evaluated vitamin D deficiency as a predictor of overall and cardiovas-
cular mortality in patients with type 2 diabetes.
Materials and methods: In a prospective observational follow-up study 315 
caucasian type 2 diabetic patients were followed for a median (range) of 15.5 
(0.2-17.0) years. Samples available in 290 subjects, mean age 54 years, nor-
moalbuminuria (n=173), microalbuminuria (n=73), and macroalbuminuria 
(n=44) at baseline. Vitamin D, 25(OH)D3, levels were determined by high 
performance liquid chromatography/tandem mass spectrometry (LC-MS/
MS) on stored baseline samples. Samples were available in 290 subjects, mean 
age 54 years. Severe vitamin D deficiency was defined as the lower 10% (<13.9 
nmol/l).
Results: Median (range) vitamin D level was 35.7 (5 to 136.7) nmol/l. Vitamin 
D levels were not associated with age, sex, eGFR, urinary albumin excretion 
rate, or hemoglobinA1c ,at baseline, but low levels were weakly associated with 
elevated systolic blood pressure (R=0.13, p=0.03). Of the patients, 142 died 
(49%), 119 of them (72%) due to cardiovascular causes. All-cause mortality 
was increased in patients with severe vitamin D deficiency (hazard ratio [95% 
CI] 2.03 [1.26 to 3.26], p=0.003). The association persisted after adjustment 
for urinary albumin excretion rate, glomerular filtration rate, hemoglobinA1c 
and conventional cardiovascular risk factors (covariate adjusted hazard ratios 
1.94 [1.19 to 3.16], p<0.01). Vitamin D deficiency was also associated with 
increased cardiovascular mortality (unadjusted hazard ratios 1.93 [1.10 to 
3.39], p=0.02; covariate adjusted 1.49 [1.156 to 1.93] p=0.002).

Conclusion: In patients with type 2 diabetes, severe vitamin D deficiency is a 
risk factor for excess overall and cardiovascular mortality, being independent 
of urinary albumin excretion rate and conventional cardiovascular risk fac-
tors. Whether vitamin D substitution in type 2 diabetic patients can improve 
the prognosis remains to be determined.

1362
Free fatty acids are associated with Q-T interval length in men, but not 
women, with type 1 diabetes
T.J. Orchard, B. Conway; 
Epidemiology, University of Pittsburgh, United States.

Background and aims: Free fatty acids have been shown to be associated 
with ischemic heart disease in the general population and in some reports 
with Q-T interval lengthening. As free fatty acids are chronically elevated in 
type 1 diabetes and account for a significant amount of the counterregulatory 
response to hypoglycemia, it has been hypothesized that this, via Q-T interval 
lengthening, might account for some of the silent (or unrecognized) coronary 
artery disease observed in this population.
Materials and methods: We therefore sought to determine whether free fatty 
acids were associated with Q-T interval lengthening and 183 participants (87 
men and 96 women) from the Pittsburgh Epidemiology of Diabetes study, a 
cohort of childhood onset (age < 17 years) type 1 diabetes. As we have previ-
ously noted sex-specific free fatty acid associations with pulse pressure, i.e. 
an association in women, but not men, we also sought to determine whether 
any free fatty acid association with Q-T interval length also varied by sex. 
Mean age and diabetes duration were 44 and 33 years, respectively, at time of 
investigation. Free fatty acids were measured using the colorimetric method 
(Wako Pure Chemical Industires, Ltd). Corrected Q-T intervals were cal-
culated using Hogdes Formula (Corrected QT=QT+ (1.75*(vent rate-60))). 
Free fatty acids were naturally logarithmically transformed before analyses 
and all analyses were controlled for serum albumin.
Results: Mean free fatty acid levels were 0.95 mmol/l and did not vary by 
sex (0.93 vs 0.96 mmol/l for men and women respectively, p=0.76). Overall, 
age- and serum albumin adjusted free fatty acids showed no association with 
the Q-T interval (r=0.05, p=0.51). However, upon sex-specific examination, 
age- and serum albumin -adjusted free fatty acids were associated with the 
Q-T interval in men (r=0.22, p=0.04), but not in women (r=-0.05, p=0.62). 
After further allowing for systolic blood pressure, HbA1c, albumin excretion 
rate, and HDL cholesterol, free fatty acids remained associated with the Q-T 
interval in men (p=0.03), but continued to show no association in women 
(p=0.61).
Conclusion: Free fatty acids are associated with an increased Q-T interval 
in men, but not women, with type 1 diabetes. Free fatty acids may contribute 
to the increased risk of cardiovascular disease in type 1 diabetes, albeit their 
effects may vary by gender.
Supported by: National Institutes of Health

1363
Association between leukocyte telomere shortening and CVD in patients 
with type 2 diabetes mellitus
I. Testa1, F. Olivieri2, M. Lorenzi3, R. Antonicelli4, R. Testa1, C. Sirolla5,  
M. Cardelli6, S. Mariotti3, F. Marchegiani6, M. Marra1, L. Spazzafumo5,  
A. Bonfigli1, L. La Sala2, A. Procopio2; 
1Diabetology Unit, Research Department, INRCA-IRCCS Hospital, 2Dept. 
of Molecular Pathology and Innovative Therapies, Polytechnic University 
of Marche, 3Center of Clinical Pathology and Innovative Therapies, 
Research Dept., INRCA-IRCCS Hospital, 4Cardiology Unit, INRCA-IRCCS 
Hospital, 5Statistical Center, INRCA-IRCCS Hospital, 6Laboratory of 
Tumor Immunology, Immunology Center, Research Dept., INRCA-IRCCS 
Hospital, Ancona, Italy.

Background and aims: Many studies have measured leukocyte telomere 
length with the aim to identify associations with aging-related diseases in 
humans, including type 2 diabetes mellitus (T2DM). However, is unclear 
which biomarkers and/or T2DM complications could be significantly cor-
related to telomere shortening observed in these patients. We performed a 
cross-sectional study to examine the differences in telomere length between 
healthy subjects (CTR), T2DM and diabetic patients with myocardial infarc-
tion (T2DM +MI), with the aim to clarify if telomere length could be a reli-
able marker associated with MI in T2DM patients. Secondary end point is 
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the identification of possible correlations between leukocyte telomere length 
and selected biomarkers of pro-inflammatory status, of glycemic control and 
of lipidic profile.
Materials and methods: A total of 307 elderly subjects, 103 T2DM (mean age 
70 ± 4 years, 59% males), 100 T2DM +MI (mean age 70 ± 7 years, 65% males), 
and 104 CTR (mean age 69 ± 7 years, 50% males) were studied. Telomere 
length, defined as T/S (Telomere-Single copy gene ratio), was determined in 
leukocytes by quantitative real time polymerase chain reaction (Real-Time 
PCR)-based assay. Moreover, we assessed: 1) high sensitive C reactive protein 
(hsCRP), fibrinogen and plasminogen-activator inibitor-1 (PAI-1) as inflam-
matory markers; 2) fasting glucose, insulin, glycated haemoglobin (HbA1C) 
and waist to hip ratio as markers of glycemic control; 3) total-cholesterol, 
HDL-cholesterol and triglycerides as markers of lipidic profile, in all sample 
population. Use of statins and sulfonylurea, and presence of some relevant 
diabetes complications (nephropathy and retinopathy) were also assessed.
Results: The main result of the present study is that T2DM +MI patients have 
leukocyte telomere lengths shorter than those of T2DM patients and healthy 
CTR. Moreover, glucose, HbA1C and waist to hip ratio, variables related to 
glycemic control, showed a significant inverse correlation with leukocyte te-
lomeres length.
Conclusion: Our results suggest that leukocyte telomere length may be a 
possible reliable marker of MI, one of the most frequent and clinically rel-
evant complication of diabetes, in elderly T2DM patients.
Supported by: Italian Ministry of Health

1364
Morbidity and mortality associated with hepatobiliary disease in type 2 
diabetes: the Fremantle Diabetes Study
T.M.E. Davis, K. Peters, W.A. Davis; 
School of Medicine and Pharmacology, University of Western Australia, 
Fremantle, Australia.

Background and aims: There are few studies examining morbidity and mor-
tality associated with hepatobiliary disease in type 2 diabetes. The aim of this 
study was to analyse detailed relevant longitudinal data collected as part of 
the observational community-based Fremantle Diabetes Study (FDS).
Subjects and methods: We studied the 1294 type 2 FDS participants who 
were recruited between 1993 and 1996 and invited to subsequent annual as-
sessments. Additional data were obtained from the Western Australian (WA) 
State Government registers which record details of all deaths and hospital 
admissions to public and private hospitals. These data were linked to the FDS 
database from April 1993 to end-June 2007. All hospital admissions with 
ICD-9CM and ICD-10AM codes for hepatobiliary disease were extracted, as 
were coded causes of death.
Results: At FDS entry, the patients had a mean ± SD age of 64.1 ± 11.3 years, 
48.8% were male and they had been diagnosed a median (inter-quartile 
range) 4.0 (1.0-9.0) years previously. The crude cumulative incidence of hos-
pitalisation for hepatobiliary disease was i) 24.7/1000 patient-years in FDS 
type 2 patients during a mean of 10.3 (range 0.04-14.2) years follow-up, and 
ii) 5.9/1000 person-years in the general population of WA (approximately 1.7 
million people) during the same period. The age-standardised incidence rate 
was 68% higher in the FDS type 2 cohort. By end-June 2007, 532 (41.2%) FDS 
type 2 participants had died, 11 (2.1%) from liver disease including cancer, 
alcohol-related cirrhosis, primary biliary cirrhosis, failed liver transplant, or 
cirrhosis/hepatic encephalopathy of unspecified cause. No death was attrib-
uted to non-alcoholic fatty liver disease (NAFLD). A history of liver disease 
at baseline, including viral hepatitis (13.2% hepatitis B core antibody positive, 
1.8% hepatitis C positive) and at least one C282Y allele (12.2%), was not as-
sociated with all-cause mortality in a Cox proportional hazard model after 
adjusting for a range of significant independent predictors.
Conclusion: The incidence of hospitalisation for hepatobiliary disease is in-
creased in community-based patients with type 2 diabetes relative to that in 
the local general population. However, deaths associated with liver disease 
are uncommon and rarely due to NAFLD. These data question the need for 
directed screening for NAFLD in patients with type 2 diabetes.
Supported by: the Raine Foundation/University of Western Australia and the 
Diabetes Australia Research Trust

1365
YKL 40 levels are elevated in patients with peripheral arterial occlusive 
disease and type 2 diabetes mellitus
K. Batinic1, F. Hoellerl1, A. Steffan1, F. Jelic1, D. Lorant1, M. Grujicic1,  
G. Schernthaner2, R. Koppensteiner1, G.H. Schernthaner1; 
1Angiology, Medical University of Vienna, 2Medicine I, Rudolfstiftung 
Hospital, Vienna, Austria.

Background and aims: Peripheral arterial occlusive disease (PAOD) con-
stitutes a generalized atherosclerosis of the vessels with the highest risk of 
cardiovascular disease (CVD) events of all its latter manifestations forms. The 
co-occurrence of PAOD with type 2 diabetes mellitus (T2DM) results in an 
even further increased CVD risk and a high risk of death within four years. 
YKL-40, an inflammatory protein, involved in the development of atheroscle-
rosis, is participating in plaque rupture. In the present study we investigated 
the association of YKL-40, T2DM and PAOD.
Materials and methods: Our study group consisted of 132 patients with 
PAOD. By oral glucose tolerance testing (OGTT) 47 were identified as nor-
mal glucose tolerant and 85 as T2DM. YKL-40 levels were measured using a 
commercially available ELISA (Quidel Corporation, San Diego, CA). Statisti-
cal analyses were done with students’ unpaired t-test, ANOVA, correlation 
analysis and multivariate regression modeling as appropriate.
Results: YKL-40 levels were higher in the patients with T2DM (99±68 ng/ml) 
versus non-diabetic PAOD patients (68±45ng/ml; p=0.002). Within one year 
of follow up 9 % of non-diabetic versus 25 % of the diabetic subgroup suffered 
a cardiovascular event. PAOD patients who developed a cardiovascular event 
had higher YKL-40 levels (138±77) versus those (80±55 ng/ml p=0.004) who 
were spared. Interestingly, YKL-40 was neither associated with insulin re-
sistance determined by the homeostatic model assessment nor by vascular 
inflammation estimated by C-reactive protein in the total study population. 
In contrast, YKL-40 values were strongly associated with urinary albumin 
excretion rate (UAER; beta=0.236, p=0.007). In the 47 patients without 
T2DM, UAER (beta=0.388, p=0.007) and creatinine (beta=0.460, p=0.001) 
were associated with YKL-40 values in univariate fashion. In the 85 patients 
with T2DM, low-density lipoprotein cholesterol (beta=-0.232, p=0.033) and 
aspartate amino transferase (beta=0.327, p=0.002) were associated with YKL-
40 values in univariate fashion. YKL-40 levels were higher in symptomatic 
PAOD (stage IIa and IIb) with T2DM (96±65 ng/ml) versus patients without 
T2DM (61±42 ng/m p=0.005).
Conclusion: YKL-40 levels were higher in symptomatic and asymptomatic 
PAOD patients with T2DM versus patients with normal glucose metabolism. 
Patients who had cardiovascular events during the first year of follow up had 
significantly higher YKL-40 levels.

1366
Glucosepane and CML glycation modifications in human elastic arteries
K.F. Hanssen1, T. Lund2, A. Svindland3, A.-B. Jensen4, Z. Dai5, J. Zhang5,  
J.P. Berg6, T.J. Berg1, B. Kilhovd1, V.M. Monnier5; 
1Dept. of Endocrinology, Aker University Hospital, Oslo, Norway, 
2Hormone laboratory ,Dept. of Endocrinology, Aker University Hospital, 
Oslo, Norway, 3Dept. of pathology, Aker University Hospital, Oslo, Norway, 
4Hormone laboratory, Dept. of Endocrinology, Aker University Hospital, 
Oslo, Norway, 5Dept. of Pathology, CWRU, Cleveland, United States, 6Dept. 
of Clinical Chemistry, Ullevål University Hospital, Oslo, Norway.

Background and aims: The reason for the increased cardio-vascular disease 
in both type 1 and type 2 diabetes is not known in detail. However, early stiff-
ening of arteries is central to the pathogenesis. Advanced Glycation Endprod-
ucts (AGE) are involved in the initiation and progression of atherosclerosis in 
diabetes and may be involved in the stiffening of arteries. We therefore stud-
ied the presence of two AGE modifications, Carboxymethyllysine (CML), a 
glycoxidation product, and Glucosepane, a major newly discovered lysine-
arginine crosslink, in human aorta and carotid arteries .
Materials and methods: Proteins were extracted from carotid arteries and 
aorta from 5 diabetics and 10 non-diabetics, having different degree of athero-
sclerotic lesions. The extracts were analysed by one and two-dimensional elec-
trophoresis followed by western-blotting using four different antibodies against 
CML and an antibody against Glucosepane. Trypsin and endopeptidase Glu-C 
were used to cleave proteins into peptide fragments. A Dionex Ultimate 3000 
nano-LC system connected to a linear quadrupole ion trap - Orbitrap mass 
spectrometer (LC-MS/MS ) was used to identify proteins. UltraVision ONE 
Detection System was used for immunohistochemical studies of tissue slices.
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Results: In western-blotting the strongest signal with antibodies against CML 
corresponded to a molecular weight of 230 kDa. LC-MS/MS analyses showed 
the presence of three different myosin heavy chains and some other proteins 
at that position. The extracted proteins were therefore digested with trypsin 
and endoproteinase Glu-C, respectively. Two-dimensional electrophoresis of 
the digests, followed by western-blotting using antibodies against CML and 
the proteins identified by LC-MS/MS, showed overlapping signals with an-
tibodies against CML and smooth muscle myosin heavy chain (SM-MHC). 
SM-MHC could therefore be a main target for CML-modification in hu-
man arterial walls. Immunohistochemical (IHC) studies gave strong CML-
signals in smooth muscle cells that were positive for SM-MHC, compatible 
with the western-blotting results. Fibulin-5, vimentin and annexin IV and 
V were identified for the first time, by western-blotting, as arterial proteins 
that were modified by Glucosepane. By immunohistochemistry, Glucosepane 
was mainly distributed extracellularly around long fibre-like structures that 
probably contained elastin. Glucosepane was found associated with the inter-
nal and external elastic lamina, in the medial layer, and close to basal mem-
branes.
Conclusion: Our results support earlier work localizing CML to smooth 
muscle cells in vessel wall and point out smooth muscle myosin heavy chain 
as a possible main target for CML modification in vivo in human elastic ar-
teries. Putative main targets for modification by Glucosepane were also iden-
tified. CML and Glucosepane target different proteins,and both these AGE 
modifications may play a role in arterial stiffening.
Supported by: Regional Board Helse Sør-Øst

1367
Antibodies to oxLDL/beta(2)-GPI in type 2 diabetic subjects with and 
without coronary artery disease
S. Pappas1, C. Kaliouli2, A. Papazafiropoulou1, P. Matsoukas1, V. Pantiora2, 
A. Fragkiadaki2, F. Tziraki2, E. Fwtiadou2; 
13rd Department of Internal Medicine and Center of Diabetes, 2Department 
of Immunology, General Hospital of Nikaia “Saint Panteleimon” – Piraeus, 
Nikaia, Greece.

Background and aims: High levels of oxLDL are present in metabolic disor-
ders including type 2 diabetes mellitus (T2DM). β2 glycoprotein 1 is an inhib-
itor of platelet aggregation and makes complexes with oxLDL. The complex 
oxLDL/beta(2)-GPI is an antigen leading to the production of autoantibod-
ies, the activation of atherosclerotic process and, therefore, increasing the risk 
of cardiovascular disease. The aim of the present study was to compare the 
levels of IgG and IgM antibodies to oxLDL/beta(2)-GPI in T2DM subjects 
with and without coronary artery disease (CAN).
Materials and methods: A total of 35 with T2DM and CAN and equal 
number of T2DM subjects without CAN were studied [mean age ± SD: 65.1 
± 9.3 vs. 64.9 ± 12.1 years (Ρ=0.95), duration of diabetes: 13.8 ± 8.5 vs. 12.4 
± 10.7 years (Ρ=0.57), respectively]. A detailed medical history, current use 
of medications and smoking habits was obtained and a thorough physical 
examination was performed. Antibodies to oxLDL/beta(2)-GPI were meas-
ured by ELISA.
Results: Diabetic subjects with CAN higher levels of IgG antibodies to ox-
LDL/beta(2)-GPI compared with diabetic subjects without CAN (10.9 ± 12.7 
vs. 7.0 ± 10.2, P=0.02). No difference was observed between the two study 
groups regarding the levels of IgM antibodies to oxLDL/beta(2)-GPI (16.9 
± 5.7 vs. 16.1 ± 1.2, P=0.87). Multivariate linear regression analysis in dia-
betic subjects with CAN demonstrated a positive relationship between IgG 
antibodies to oxLDL/beta(2)-GPI with HbA1c (P=0.01), plasma fasting glu-
cose levels (P=0.04) and triglycerides, and a negative association with body 
mass index (P = 0.08). However, multivariate analysis, after adjustment for 
the above factors, showed no statistical significant relationships between an-
tibodies to oxLDL/beta(2)-GPI and the study parameters.
Conclusion: High levels of IgG antibodies to oxLDL/beta(2)-GPI in T2DM 
subjects with CAN compared with T2DM subjects without CAN shows the 
significance of oxLDL/beta(2)-GPI to the initiation and progress of athero-
sclerosis as well as to the development of cardiovascular complications.
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